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In this issue 


Scientific research careers: 
Diminishing interest 

An index (arguably a poor one) of 
the health of a country’s scientific 
establishment is the number of pub¬ 
lications produced in the scientific 
literature. Ready access to many 
burgeoning databases has prompted 
many (and often, uncritical) analyses 
of publication profiles, leading to 
ranking of individuals, institutions 
and countries. A provocative analysis 
(Raghuram and Madhavi, Nature, 
1996, 383, 572) suggested that In¬ 
dia’s scientific publication output was 
declining. To many observers this 
appeared to be correct with a general 
feeling that the recent past has wit¬ 
nessed a decline in the quality and 
quantity of new entrants to academic 
and research institutions. Inter¬ 
pretations of ‘soft data’ are most 
acceptable when they confirm our 
own prejudices. To many readers the 
results of Kumar et al. (page 20), 
that there is a declining trend in the 
interest of science students for doc¬ 
toral and postdoctoral research, will 
not come as a surprise. The authors 
are bold enough to move from their 
statistics of the yeai*s 1989-1996 to 
suggest that the reported drop in 
scientific publications is ‘because of 
the drop in the number of persons 
conducting doctoral and post-doctoral 
research’. 

P. Balaram 

Disease-resistant plants 

Phytopathogenic fungi can cause de¬ 
vastating diseases of crop plants. The 


spread of plant disease by fungal 
pathogen is a major hazard that is 
of considerable importance to farmers 
and plant breeders. In economically 
important crop plants, losses due to 
fungal attack can be crippling. It is 
not surprising, therefore, that stra¬ 
tegies to minimize the impact of 
fungal infection of crop plants have 
focused mainly on chemical control. 
An alternative strategy is to develop 
disease-resistant cultivars through 
selection methods. On page 61 
Venkatachalam et al. describe an 
approach to developing groundnut 
plants that are resistant to late leaf 
spot disease. In their study, cul¬ 
ture filtrates of the disease-causing 
organism, Cercosporidiiim perso- 
natum are used in tissue culture sys¬ 
tems to select for insensitive or 
‘resistant’ calli, which are then used 
for generating plantlets. Interestingly, 
laboratory-generated plants when 
shifted to field conditions exhibited 
disease resistance. The authors also 
report that the resistance was inheri¬ 
table while the molecular mecha¬ 
nisms by which disease resistance is 
mediated remain to be elucidated, 
some parallels to the multiple mecha¬ 
nisms by which bacterial cells acquire 
drug resistance may be stimulating. 

P. Balaram 


Seismotectonics of NE India 

Northeast India is an important 
location in the seismological map of 
the world. Two great earthquakes 
(M > 8) have occurred here and it is 


believed that this region holds 
potential for future damaging earth¬ 
quakes. Over the years many ‘seismic 
gaps’ have been identified in the 
Himalaya, the Assam seismic gap 
(Khattri and Wyss, 1978) being one 
of them. Identification of seismic 
gaps in the Himalaya has mostly 
been based on the spatial distribution 
of earthquakes. Obviously, these 
deductions are constrained by the 
lack of measurements of strain. Iden¬ 
tification of potential seismogenic 
zones using GPS measurements and 
strain modelling is yet to be done, 
although some fresh efforts have now 
been initiated in this direction. 

The article on seismotectonics of 
northeastern India by T. N. Gowd 
and others (page 75) analyses the 
stress data (although restricted to 
P-axis orientations) to propose reac¬ 
tivation mechanism of faults in this 
region. Identification of stress orien¬ 
tations and faults favourable for 
reactivation is an important step in 
understanding the mechanism of 
earthquakes. The analyses by Gowd 
and others provide a good beginning. 
This study suggests that the Dauki 
fault, considered to be a prominent 
structure in NE India, cannot be re¬ 
activated because of the unfavourable 
nature of stress orientation and other 
failure conditions. The paper also 
puts forth a thought-provoking argu¬ 
ment that the ‘Assam seismic gap’ 
proposed earlier does not qualify to 
be one in the conventional sense and 
it rules out large earthquakes in the 
upper Assam. 

Kusala Rajendran 
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CORRESPONDENCE 

Insecticide-impregnated mosquito nets: An alternative strategy for 
malaria control 


Malaria is emerging as a major public 
health problem in the northeastern states 
of India. Outbreaks due to malaria are 
of frequent occurrence, especially in forest 
fringe/foothill areas bordering Bhutan, 
Bangladesh and Myanmar. Plasmodium 
falciparum is the predominant parasite 
species (>70%) and is responsible for 
high morbidity and mortality. During 
1995 alone, more than 200 deaths 
occurred due to P. falciparum infections 
in the Brahmaputra valley of Assam. 

To contain the disease, the Malaria 
Research Centre of the Indian Council 
of Medical Research (ICMR) has field- 
tested ‘insecticide-impregnated nets’ as 
an alternative strategy for the northeastern 
sector. Village-scale field trials with del- 
tamethrin-impregnated nets (@25mg/m^) 
were conducted in Sonapur PHC of 
Kamrup district, Assam (typical malaria- 
endemic area of foothills) as an inter¬ 
vention measure against Anopheles 
minimus transmitted malaria. Over a 
2-year study period (1988-90), there was 
a notable decline in the number of P. 
falciparum cases, and malaria incidence 
decreased by 70% in the intervention 
villages (impregnated net users) when 
compared with the baseline year (1987) 
data. In these villages, there was a marked 
reduction in the vector density (An. 
minimus), and the man-mosquito contact 
was checked to a greater extent. Of the 
various netting materials, i.e. cotton, jute, 
nylon, the latter were more insecticidal 


when impregnated at the same dosage. 
Owing to decreased morbidity due to 
malaria, and lack of nuisance due to other 
insect pests, community participation was 
forthcoming. 

Based on the success of these trials, 
the Government of India launched a pilot 
project study in all seven sister states of 
the northeastern region. One hundred 
thousand mosquito nets impregnated with 
deltamethrin (2.5% flow) were distributed 
free through the primary health care in 
malaria-ridden pockets of all seven states 
beginning 1996. The public response was 
overwhelming and additional demands 
were generated by the respective State 
Health Directorates to cover additional 
population groups having greater risk of 
acquiring malarial infection. These 
insecticide-impregnated nets are now 
popularly known as ‘medicated nets’. 

The chemical used for impregnation 
was a synthetic pyrethroid namely del¬ 
tamethrin (2.5% K-othrine, flow formu¬ 
lation). The procedure for impregnation 
is very simple and can be done by com¬ 
munities themselves. Only 10 ml of K- 
othrine is required for a single mosquito 
net of 10 m" surface area, i.e. one ml 
per square metre to get the target dose 
of 25 mg/m^. The required amount of 
insecticide is diluted in approximately 
350 ml of water which is just sufficient 
for its complete absorption by a single 
nylon/polyester net. The mosquito net thus 
soaked is spread on a non-absorbent plas¬ 


tic sheet for drying in shaded area. Use 
of hand-gloves is recommended during 
impregnation to avoid direct contact with 
the concentrated formulation. The mos¬ 
quito net thus impregnated repels vector 
mosquitoes and kills those which rest on 
it. It ensures protection for six months 
(if not washed) not only against vector 
mosquitoes but also guards against other 
insect pests, viz, cockroaches, house flies, 
head lice, bedbugs, spiders, etc. Re¬ 
impregnation is advisable every six 
months for better results. 

This strategy is simple, cost-effective, 
environment-lfiendly, appropriate, sus¬ 
tainable and involves communities which 
is veiy vital for the success of the pro¬ 
gramme. To combat the malaria menace, 
health education has a definite role to 
play at the grassroot level. For this, 
intersectoral cooperation is of paramount 
importance for elfective translation of this 
technology and to ensure maximal com¬ 
munity compliance. This integrated 
approach coupled with early case detec¬ 
tion and prompt treatment can only make 
this programme a grand success for 
effective malaria control, particularly in 
tribal-dominated, forested, difficult areas 
with high level of receptivity. 

Vas Dev 

Malaria Research Centre, 

P.O. Sonapur, Kamrup, 

Assam 782 402, India 
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CORRESPONDENCE 


Tectonic elements of western Ganga basin 


Some major tectonic elements of western 
Ganga basin based on analysis of the 
Bouguer Anomaly map by Misra and 
Laxman* provide interesting output in the 
filtered data with wavelength 250 km and 
less (figure 3 of ref. I). The inferences 
drawn by the authors about Great Boun¬ 
dary Fault (GBF) are difficult to accept. 
They want us to believe that Agra- 
Shahjhanpur ridge, which they postulate 
as northern extension of GBF, is limit 
of Vindhyan Basin in the north. The 
sub-surface geology of Aligarh and 
Bulandshahr districts is known through 
drilling data carried out by the Central 
Ground Water Board. The basement 
below the Quaternary Alluvium at Aligarh 
and Khurja has been reported to comprise 
Vindhyan rocks. The exploratory drilling 
carried out by the Central Ground Water 
Board (north of Khuija) at Bulandshahr 
has encountered the Delhi Supergroup 
below the Quaternary Alluvium. Thus it 
will be seen that below the Quaternary 
Alluvium, Vindhyans are abutting against 
the Delhi rocks. The endogenic grain 
separating Vindhyans in the south from 
Proterozoic rocks of Delhi Supergroup 
will be defined by -10 contour north of 
Aligarh roughly along E-W trend along 
28° 15' latitude (see figure 3 of ref. 1). 
Thus the northern limit of Vindhyan Basin 
in the area studied by Misra and Laxman 
shall be Khurja and Aligarh and not to 
south of Aligarh as projected by the 
Agra-Shahjhanpur ridge by the authors. 


The GBF is a normal fault related to 
crustal expansion and not a reverse fault. 
The GBF tectonics is a Precambrian grain 
and cannot be attributed to the collision 
tectonics of Indian and Eurasian plates, 
which is a much younger event. The 
collision tectonics results in thrust tec¬ 
tonics, GBF is normal fault, tectonically 
expressing crustal expansion (see Iqbalud- 
din et al?). 

The uplifted basement block east of 
Delhi inferred from residual Bouguer 
Anomaly corroborates the normal fault 
pattern between Delhi Supergroup and 
Vindhyan rocks recorded by drilling data 
at Khurja and Bulandshahr, the authors* 
need not speculate basic intrusion east 
of Delhi. 


1. Misra, D. C. and Laxman, G., Curr. Sci., 
1997, 73, 436-440. 

2. Iqbaluddin, Parshad, B., Sharma, S, B., 
Mathur, R. K., Gupta, S. N. and Sahai] 
T. N., Third Regional Conference on 
Geology and Mineral Resource of Southeast 
Asia, Bangkok, 1978, pp. 145-149. 


Iqbaluddin 

Saifuddin 

Remote Sensing Applications Centre, 
Aligarh Muslim University, 

Aligarh 202 002, India 


Response: 

We thank Iqbaluddin and Saifuddin for 
their interest in our publication. The basic 
purpose of this publication is to show 
the utility of filtered gravity maps for 
delineating the subsurluce tectonics of a 
region which is reflected in figures 3 and 
4 as admitted by them. Agra-Shahjhanpur 
ridge delineated from these maps being 
in line with great boundary fault (GBF), 
has been suggested to possibly represent 
the extension of this fault under Ganga 
basin. As ridges are formed due to reverse 
faults and GBF is also a reverse fault, 
it is likely that the two may be related 
to each other. Further, as the ridges define 
the limits of basin/subbasin, it was sug¬ 
gested that it may define the northern 
limit of the Vindhyan b^isin. Agra- 
Shahjhanpur is the axis of the ridge which 
extends almost up to Aligarh. Therelure 
if the Vindhyan sediment is encountered 
at Aligarh, it may be just a thin cover 
over the ridge. As shown in figure 4 of 
the paper, there is a block uplifl east of 
Delhi. As there are large magnetic anoma¬ 
lies in this region, it is suggested that 
this uplift might be associated with some 
basic intrusions. 

D. C. Mishra 
G. Laxman 

National Geophysical Research Institute, 
Hyderabad 500 007, India 


NEWS 

Tectonics of continental interiors* 


An exceptionally interesting meeting on 
tectonics of continental interiors took 
place at a skiing resort in Brian Head, 
Utah, USA during 23-28 September 199?! 
How stable are the continental interiors? 
A general tendency is to qualify the 
continental interiors as stable. In fact, the 


A report on the ‘Penrose Conference on 
Tectonics of Continental Interiors’ held during 
USA^ ‘997 at Brian Head, Utah, 

6 


recent studies have questioned this as¬ 
sumption. The new evidences suggest that 
these regions are not tectonically inert. 
It is only that they behave differently 
from marginal orogens and plate bounda¬ 
ries. It also means that the rigid plate 
motion, the fundamental assumption in 
plate tectonics is not able to explain fully 
the broad zones of deformation within 
continents. 

The opportunity was provided by the 
Penrose Conference sponsored by Geo¬ 


logical Society of America. A gathering 
of 100 researchers from different parts 
of the globe spanned the gamut of con¬ 
tinental deformation which included for¬ 
mation, character and fabric of continental 
interiors; epeirogeny, basins and paleo- 
stress; continental-interior deformation; 
and seismicity and neotectonics. This was 
all conducted in a most informal way in 
an atmosphere of free flowing informa¬ 
tion. Each session in the forenoon and 
afternoon started with a keynote address 
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followed by a couple of talks, poster 
introductions and presentations. Each 
day’s deliberations were wrapped up in 
the panel discussions which usually met 
after the dinner. This meeting was un¬ 
doubtedly a success in terms of bringing 
out the inter-relationship of various topics, 
active participation and in spelling out 
future directions of research. Credit for 
this goes to the three conveners of the 
meeting, Stephen Marshak, Univ. of Il¬ 
linois, Michael Hamburger, Univ. of In¬ 
diana and Ben A. van der Pluijm, Univ. 
of Michigan. The contorence had two 
field trips led by George Davis, Univ. 
of Arizona, who, with his vast repertoire 
of vignettes and humour, made them not 
only very educative but also an enjoyable 
experience. The trips were arranged to 
see geology, kinematics and dynamics of 
Basin and Range deformation, a type area 
for the continental-interior deformation. 

The conference began by addressing 
the issue of how continental interior 
regions came into existence. A major 
question discussed here was that the pro¬ 
cesses in the Precambrian that initiated 
cratonization of parts of continental litho¬ 
sphere. Another question was about in¬ 
itiation of lault zones. With the above 
problems in perspective, the participants 
discussed three-dimensional configuration 
of continental lithosphere. Thus the ques¬ 
tions such as lateral as well as vertical 
compositional variation and the strength 
of the continental lithosphere were dis¬ 
cussed. The nature of asthenosphere be¬ 
neath continental interiors and how that 
is different from other lithosphere were 
also discussed. Views on nature of strain, 
its manifestations and pattern of strain 
and their role in fault reactivation were 
also presented. The conference focused 
on causes of epeirogeny and why it se¬ 
lectively occurs in some places. The meet¬ 
ing ended with a summing up on 
contemporary state of stress and what 
features localize the current seismicity. 

Besides the oral presentations, there 
were poster presentations touching upon 
different aspects of continental deforma¬ 
tion and tectonics. To name a few, these 
topics included tectonic interpretation 
of the southern midcontinental USA; 
intracontinental tectonics of the Atlas 
Mountains, Morocco; Precambrian intra- 
continentai orogeny, Australia; effects of 
epeirogeny on fluvial processes; methods 
of tectonic analyses in continental interior 
platforms; variable continental litho¬ 


spheric strength as a control on defor¬ 
mation; shear wave splitting; influence 
of Proterozoic rifting on subsequent 
tectonism; seismic anisotropy and defor¬ 
mation in the continental mantle; estima¬ 
tion of intraplate strain accumulation in 
the New Madrid seismic zone from GPS 
surveys and the structural reactivation of 
the east Antarctic margin. Only a brief 
summary of selected presentations is 
given here. 

Celal Sengor (Istanbul Teknik Univer- 
sitesi) started the first day’s session by 
talking on the evolution of Siberian crust, 
which is least deformed. The reasons for 
this include, craton being away from the 
erogenic areas or it is a thick continental 
crust with more olivine per cross-sectional 
area. G. Humphrey (Univ. of Oregon) 
talked on the role of buoyancy forces 
and the magmatic processes within the 
mantle in the western US. Larry Brown 
(Cornell Univ.) presented results on deep 
structures of continental interiors Irom 
reflection profiling. His talk touched upon 
mapping crustal terranes in 3-dimension 
and Mo ho tectonics. He talked on how 
Moho behaves as a marker, detachment, 
phase change and a barrier in different 
tectonic settings. Besides these presenta¬ 
tions, there were talks on Archean tec¬ 
tonics, suggesting tectonic regimes which 
include magmatic arcs, buoyant mantle 
and obduction and collision to explain 
the features found in the Archean rocks 

3.0 Ga). These studies essentially high¬ 
lighted on the timing and sequence of 
structural events leading to ‘stable con¬ 
tinents’ in the Archean. 

As expected, there was a considerable 
number of presentations on the tectonics 
of Basin and Range province and Colo¬ 
rado Plateau and Laramide orogenesis. 
These presentations included field obser¬ 
vations and modelling studies on the west¬ 
ern USA. There were interesting 
observations on gravitational potential 
energy and transmission of pressure lat¬ 
erally. There is a general consensus on 
the role of magmatic processes within 
the mantle and buoyancy process in the 
ongoing tectonic deformation in that area. 
Buoyancy forces are particularly applica¬ 
ble in Colorado plateau. The crustal 
extension in Basin and Range may be 
decoupled from the underlying mantle. 
This is different iTom say, African rift 
system, a long linear zone and a localized 
zone of extension. In Basin and Range 
there is wide zone of deformation wherein 


all ranges move relative to each other 
which are detached from the underlying 
lower crust and mantle. 

A global view of seismic velocity struc¬ 
ture and composition of continental crust 
was presented by Walter Mooney (United 
States Geological Survey). Crustal thick¬ 
ness shows lateral variability. For exam¬ 
ple, the Proterozoic crust has a thickness 
of 40-55 km and a substantial high ve¬ 
locity (7 km/s) layer at its base while the 
Archean crust is only 27-40 km thick 
and lacks basal high-velocity layer. Fur¬ 
ther, he stated that the Archean crust is 
depleted and this can be attributed to 
decline in mantle temperature, whereas 
the thermal efifect, partial melting and 
crustal accretion in the Proterozoic crust 
are evident. The seismic structure of the 
crust also reveals the greater lithologic 
diversity in the upper and middle crust 
and a more homogeneous lower crust. 
This was followed by the presentation 
by P. Wannamaker (Univ, of Utah) who 
showed results from deep electrical re¬ 
sistivity surveying which suggested de¬ 
formed upper mantle, possibly related to 
plate motion. 

One important factor in remobilization 
of a craton is the thermal processes. In 
other words, a cold thick craton can be 
deformed by heating it up from below. 
J-C. Mareschal (Univ. of Quebec) talked 
about diffusion of heat from the mantle 
to the lithosphere, and the lithosphere 
thickness as a function of heat flow. 
I. Atremieva (Institute of Physics of the 
Earth, Moscow) discussed thermal evo¬ 
lution of the crust, thermal state of litho¬ 
sphere, Cenozoic magmatism and magma 
source. Doug Nelson (Syracuse Univ.) 
presented results from teleseismic shear- 
coupled P-waves recorded by Sino-Ameri- 
can Tibetan Plateau Broadband 
Experiment which indicated differences 
in average crustal thickness within the 
4.5-km-thick Tibetan Plateau. They report 
that the Tibetan crust is 10-20 km thinner 
in the northern plateau than the south. 
So, the prediction is that the 5-km- 
elevation may be maximum potential 
energy level and after achieving this 
level, further thickening is inhibited by 
gravitational collapse, northward migra¬ 
tion of the continental deformation front 
or lower cmstal flow. This observation 
broadly agrees with Mooney’s contention 
that very thick crust as in Tibet and the 
Andes will not remain thick but will 
evolve into a typical crust of thickness 


CURRENT SCIENCE, VOL. 74, NO. 1. 10 JANUARY 1998 


7 


NEWS 


of 40 km. On the contrary, thinned con¬ 
tinental crust (24 km) which is highly 
extended and underlain by a thin litho¬ 
sphere is likely to be subjected to com- 
pressional collapse and thickening. It is 
generally agreed that igneous processes 
associated with extraction of material 
from the mantle is a major source of 
crustal development. 

James Knapp (Cornell Univ.) talked on 
Tien Shan, an young intracontinental 
mountain in Central Asia, far from the 
active plate boundary. This implies trans¬ 
mission of plate boundary forces in the 
south. But the question is, why are 
these forces concentrated in Tien Shan? 
Then there is Tarim basin, a low area 
between Tibet and Tien Shan, which is 
not deformed at all. Another interesting 
aspect is the discovery of high rates of 
shortening which is greater than what is 
obtained from surface geology or earth¬ 
quake slip rates. This might indicate either 
creeping processes or buildup of stresses 
for a large earthquake - a situation similar 
to what exists in the Himalaya. Another 
question is how the crustal shortening is 
accommodated in the underlying mantle 
lithosphere. Available evidence suggests 
a hot weak mantle plume under the moun¬ 
tain. L. Royden (MIT) talked more on 
this and compared the strong and weak 
crusts and their role in orogenesis. A 
strong lower crust, according to her mod¬ 
elling studies, will lead to strong coupling 
with the upper mantle. In contrast, a 
weak lower crust results in weak coupling. 

The second day’s most important talk 
was about dynamic topography by 
Michael Gumis (Caltech). He presented 
a 3-D dynamic model to explain the 
dynamism involved in the formation of 
basinal depressions. His model presents 
time-dependent reversible depressions and 
elevations, based on the mantle convec¬ 
tions, buoyancy forces and plate move¬ 
ment. Because of the buoyancy forces 
(and stresses generated by the mantle 
fluids), the oceanic lithosphere may sink 
through the mantle. For example, the 


areas around Philippines and Indonesia 
are presently, depressed. Global models 
over different geological epochs indicate 
that there is correspondence with predic¬ 
tion and observation. Another important 
consequence of this study is that it prob¬ 
ably explains some of the enigmatic un¬ 
conformities that we find in the geological 
sequences. Does this explain the huge 
geoidal depression in the southern ocean 
floor of India? 

Randell Stephenson (Vrije Univ., The 
Netherlands) talked about the geody¬ 
namics of intracratonic rifting. Special 
mention was made on the Ural mountains 
which is a subdued Paleozoic mountain 
system (maximum elevation 1800 m). 
Studies indicate a strong crustal root (60- 
65 km). Why should there be subdued 
mountain with a strong crustal root? Sierd 
Cloetingh (Vrije Univ., The Netherlands) 
focused on stress field, topography and 
origin and evolution of sedimentary basins 
within continental interiors. He suggested 
mechanical coupling plate boundary 
forces and plate interiors. The forces 
include shear traction, tectonic stresses, 
slab pull, ridge push, etc. The stability 
of the present stress field depends on the 
nature of interplay of surface processes, 
continental rheology, strength profile. The 
role of fluids is also important, particu¬ 
larly the weakening effect of fluids. He 
also talked about the deep KTB (Konti- 
nentales Tielbohr programme det Bun- 
dersepublic Deutschland) drill hole. 
Generally the results indicate predominant 
role of thermal properties on the mantle 
strength. In short, the continental defor¬ 
mation is controlled by lithospheric ‘mem¬ 
ory’, stress field, dynamic topography 
and surface processes. 

The final day was devoted to the dis¬ 
cussion of seismicity in the plate interiors. 
The session was started with a presenta¬ 
tion on intraplate stresses and seismicity 
by Mary Lou Zoback (USGS). In the 
intraplate regions we see a diffuse 
deformation unlike plate boundaries. Two 
major hypotheses concerning intraplate 


seismicity are, one, reactivation of pre¬ 
existing fault and two, local stress con¬ 
centration. The deformation of much of 
the Earth’s lithosphere is characteristically 
heterogeneous. Strain is generally 
focussed into faults and shear zones. 
Structural reactivation is a fundamental 
feature of deformation in the continental 
lithosphere. Old structures form long-lived 
zones of weakness that tend to repeatedly 
accommodate successive crustal strains 
often in preference to the formation of 
new zones of displacement. 

But recent results indicate that simple 
reactivation and stress concentration theo¬ 
ries are not enough to understand many 
cases of intraplate seismicity and its rapid 
recurrence in some areas. Some of the 
upper crustal earthquakes are better 
explained now by localized zones of high 
strain rates. Local stress perturbations are 
also caused by lateral variation in crustal 
structure, density, lithologic boundaries 
and stress concentrations along the edges 
of structures. In other words, spatial dis¬ 
tribution of tectonic strain is highly het¬ 
erogeneous in the intraplate lithosphere 
unlike the stress field which is uniform. 
In this session David Schwartz (USGS) 
presented results from the fault-trenching 
excavations from Mongolia. Roy Van 
Arsdale (Univ. of Memphis) suggested 
shorter recurrence interval i'ov larger New 
Madrid earthquakes (~500yr). Pradeep 
Talwani (Univ. of S. Carolina) suggested 
localized higher strain rate in the epicen- 
tral area of 1869 Charleston earthquake. 
I presented a seismotectonic perspective 
on 1993 Killari, 1819 Kachchh and 1997 
Jabalpur earthquakes which occurred 
within the Indian shield and suggested 
how the magnitude and stress buildup 
differ in different areas within the shield, 
with implications for earthquake cycle in 
these areas. 


C. P. Rajendran, Centre for Earth Sci¬ 
ence Studies, P.B. No. 7250, Jhiruva- 
nanthapuram 695 031, India. 


C. N. R. Rao honoured 


Professor C. N. R. Rao, President of the 
Jawaharlal Nehru Centre for Advanced 
Scientific Research, Bangalore, has been 
elected Foreign Member of the Brazilian 


Academy of Sciences and Titular Member 
of the European Academy of Science. 
Professor Rao has just been invited by 
the University of Cambridge to be the 


Linnett Visiting Professor of Physical and 
Theoretical Chemistry. This is the highest 
honour that Cambridge bestows on a 
chemist. 
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How do we ‘miss the wood for the trees’? Do females have 
natural flair for lullaby? Cognitive neuroscience tells it all 
(or does it?) 


7. Ramakrishna 

Roger Sperry was awarded the 1981 
Nobel Prize in Physiology or Medicine 
for his work on split-brain patients. 
He showed that in patients whose left 
and right cerebral hemispheres have 
been separated (by cutting the 200 mil¬ 
lion fibres which make up the corpus 
callosum that connects both the 
hemispheres), it is the left cerebral 
hemisphere that processes language 
whereas the right cerebral hemisphere 
processes the objects. It was possible 
to test the functions of each hemisphere 
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Figure 1. S and V represent global level 
and F and P, the local level. 
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Figure 2. The cup made up of small 
anchors and the anchor made up of 
small cups constitute the global level. 
Small cups within the anchor and the 
small anchors within the cup constitute 
the local level. 


separately in these patients by showing 
pictures of objects either through left 
visual field, thereby feeding this infor¬ 
mation only to the right cerebral hemi¬ 
sphere (because of the crossing over of 
the visual information pathways to the 
contra lateral hemisphere) or vice versa. 
So long as the picture of any object 
is registered in the left cerebral 
hemisphere, the patient would be able to 
tell the name of the object. However if 
the picture of the same object is regis¬ 
tered in the right cerebral hemisphere, 
the patient would be unable to tell the 
name of the object. Through several 
such ingenious experiments, Sperry was 
successful in proving that in the major¬ 
ity of the right handers language proc¬ 
essing is carried out in the left 
hemisphere whereas the object process¬ 
ing is done in the right cerebral hemi¬ 
sphere. 

This epoch-making discovery in 
cognitive neuroscience has come to be 
known as lateralization of hemispheric 
mechanisms/functions’. 

Cognitive neuroscience has come a 
long way since the celebrated discovery 
of Sperry as is evidenced by a special 
issue of Science on cognitive neurosci¬ 
ence very recently^. While in the past 
most neuroscientists focused on indi¬ 
vidual brain regions and their responses, 
it is now becoming clear that the proc¬ 
essing of information that leads to 
complex behaviours such as learning 
and memory involves multiple brain 
regions operating in interactive and 
integrated synchrony. The methodology 
such as the measurement of relative 
regional cerebral blood flow (rCBF) by 
recording the regional distribution of 
cerebral radioactivity following the in¬ 
travenous injection of ^^0-labelIed wa¬ 
ter, known as positron emission 
tomography (PET scanning), and the 
functional magnetic resonance imaging 
(fMRI), made it possible for researchers 
to examine the responses of distributed 
brain networks while an individual is 
performing a task. 


Armed with these powerful tools, 
neuroscientists have given us new 
knowledge bearing on the questions: (i) 
How does the brain process global in¬ 
formation versus local information, with 
reference to letters (language) and ob¬ 
jects (pictures), and (ii) whether there is 
any gender-based difference in the brain 
mechanism(s) for language processing. 
The first question was dealt with by 
Fink and his associates at the Institute 
of Neurology, London and at the Rad- 
cliff Infirmary, Oxford'’’**, while the 
second question was addressed by 
Shaywitz and his colleagues at the Uni¬ 
versity School of Medicine, New Haven, 
Connecticut^. 

The perceptual world is organized hi¬ 
erarchically (the forest consists of trec.s 
and the trees consist of leaves and .so 
on) and the visual attention can empha¬ 
size either the overall picture (global 
form) or the details within (local com¬ 
ponents). For example, the letters S and 
V (Figure 1) used in the experiments by 
Fink and his colleagues represent the 
global level and F and P, the local level. 
Their findings indicate that globally- 
directed attention involves the right 
hemisphere and locally-directed atten¬ 
tion, the left hemisphere. More specifi¬ 
cally, they demonstrated lateral ized 
neural activity in the left prestriate cor¬ 
tex during local processing and in the 
right prestriate cortex during global 
processing. In these experiments they 
used letter-based hierarchical stimuli*^. 
In another experiment, they used object- 
based hierarchical stimuli (Figure 2), 
wherein, the cup made up of small an¬ 
chors and the anchor made up of small 
cups constitute the global level. Small 
cups within the anchor and the small 
anchors within the cup constitute the 
local level. There is now greater right¬ 
sided activation of prestriate cortex for 
local processing and greater left-sided 
activation for global processing which is 
the opposite of that seen with the letter- 
based stimuli of the earlier experiment* 
The stimulus category (whether letter or 
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object?) determines the relative differ¬ 
ential hemispheric activation"^. 

Shaywitz and his colleagues^ asked 
their subjects (19 males and 19 females) 
to map the given letter strings onto pho¬ 
nological representations. In other 
words, the subjects are to determine if 
two nonsenseword strings rhymed. The 
test involves phoneme coding. Neural 
activation during rhyming in males was 
lateralized predominantly to the left 
inferior frontal regions (mean number of 
pixels activated were 11.7 and 5.0 for 
the left hemisphere and the right hemi¬ 
sphere respectively). In contrast, activa¬ 
tion during this same task in females 
engaged this region bilaterally (mean 
number of corresponding number of 
pixels activated for females were 9.4 
and. 12 in the left hemisphere and the 
right hemisphere respectively). Shay¬ 
witz and his associates thus demon¬ 
strated that in a site uniquely serving 
phonological processing, inferior frontal 
gyrus (IFG), females devote greater 
right hemispheric resources to the task. 
Also, cumulatively larger areas in IFG 
in both the hemispheres are seen acti¬ 
vated in females when compared to 
males. 


However, Fink and his associates in 
their experiments apparently used only 
male subjects. Will the results from the 
female subjects be different in any man¬ 
ner for global/local processing of letter- 
based and object-based stimuli? In other 
words, who among the males and fe¬ 
males are more likely to ‘miss the wood 
for the trees’? Does Shaywitz et al.'s 
work indicate a natural flair for.lullaby 
among females? I am sure the evolution¬ 
ists among the biologists are sure to 
hijack the answers to these and similar 
questions (as and when available) to see 
in the answers some biological advan¬ 
tage to the Homo sapiens as a species! 
In the meantime, can we not think of 
enlarging the scope of our endeavours 
in brain research so as to find applica¬ 
tions in as broad a realm as education, 
besides the efforts directed towards the 
amelioration of disorders/diseases af¬ 
flicting the brain^? 

1. Springer, S. P. and Deutsch, D., Left 
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Magnetic reconnection on the Sun: Ultraviolet observations of 
bi-directional plasma jets 


B, K Dwivedi and Anita Mohan 

Magnetic field reconnection transcends 
the traditional disciplines of laboratory, 
space and cosmic plasma physics. The 
process is known to occur in fusion 
devices such as tokamaks where it causes 
major disruption of the plasma confine¬ 
ment- It is thought to occur in solar flares 
and in other energetic events on the Sun. 
It takes place at planetaiy magnetopauses, 
and in planetary, as well as cometary, 
magnetic tails. Reconnection also plays 
an important role in other cosmic objects 
such as accretion discs, and in a variety 
of current sheets occurring in interplane¬ 
tary, interstellar, and intergalactic space. 
Detailed study of reconnection processes 
in the laboratory, in computer simulations, 
in the Earth’s magnetosphere and in the 
solar plasma is, therefore, in the forefront 
of current researches. 

In cosmic plasmas, large scale lengths 


L, large velocities V, and small electrical 
resistivities ?/ combine to form large val¬ 
ues of the magnetic Reynolds number 
”Ao a condition in which the 

plasma and magnetic fields are tightly 
coupled or ‘frozen’ together. If the ratio 
of plasma to magnetic energy density is 
large, non-uniform motions in such plas¬ 
mas often stretch magnetic loops or push 
differentally magnetized regions together 
into configurations, where magnetic field 
exhibits large shear, i.e. it changes di¬ 
rection and magnitude rapidly across a 
narrow electric current sheet. If the ratio 
is small, the magnetic field organizes the 
plasma motion instead. And the currents 
have a tendency to How along magnetic 
field lines, a situation that also leads to 
sheared magnetic fields. All such field 
configurations contain free magnetic 
energy. Magnetic reconnection provides 


a means of converting some or all of 
this energy to plasma kinetic and thermal 
energy and thus of changing the field 
configuration into a thermal equilibrium. 

Magnetic reconnection is the process 
by which magnetic lines of force break 
and rejoin into a lower-energy configu¬ 
ration. This is considered to be the 
fundamental process by which magnetic 
energy is converted into plasma kinetic 
energy. The Sun has a large reservoir of 
magnetic energy. The energy released by 
magnetic reconnection has been invoked 
to explain both large-scale events, such 
as solar flares and coronal mass ejections, 
and small-scale phenomena, such as the 
coronal and chromospheric microflares 
that are likely candidates to heat and 
accelerate the solar wind. 

The solar network (chromospheric and 
photospheric features arranged in a cel- 


10 


CURRENT SCIENCE, VOL. 74, NO. I, 10 JANUARY 1998 




RESEARCH NEWS 


72.1 Mm 


74.8 Mm 


77.5 Mm 



Wavelength 


N in 989.8 A and N III 991.6 A 


^ ^ ■ 1"®® observed at three consecutive raster positions at 72.1, 74.8 and 77.5 Mm, respectiveiy, above the iimb 

showing the signature of a vioient dynamic event with Doppier veiocities from -170km/s to 100 km/s. it is to be noted that the 
emissions outside the event pureiy come from scattered iight of the N iii iines from the soiar disc indicating waveiengths at rest 


lular structure, associated with super- 
granular cells and magnetic field) is the 
pattern of supergranulation (a convection 
pattern consisting of large, 30,000 km 
diameter, cells in which flow is mostly 
horizontal and outward from cell centres 
but which has weak upward flow at cell 
centres and downward flow at cell 
boundaries) cells seen over the entire 
solar surface. The cell boundaries, along 
which the magnetic field concenti'ates, 
are in a state of continuous variability 
and violent activity. Sudden small-scale 
plasma jets, microtlares, and explosive 
events are examples of this activity. Space 
observations from Skylab, SMM (Solar 
Maximum Mission) and HRTS (High- 
Resolution Telescope and Spectrograph) 
provided extremely valuable data for sys¬ 
tematic studies of the reconnection proc¬ 
ess on the Sun. But the observational 
evidence for reconnection' remains largely 
indirect. They are based on observation 
ot variations in the solar ultraviolet and 
X-ray morphology; and sudden changes 
in the magnetic topology, and the apparent 



Figure 2. The observational geometry. 
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association between some small-scale 
dynamic events and magnetic dipoles. 

Explosive events were first seen in the 
ultraviolet spectra obtained with the Naval 
Research Laboratory HRTS flown on sev¬ 
eral rocket flights and spacelab 2 (ref. 
1). They were found to be short-lived 
(60s), small-scale (1500km), high velo¬ 
city (±150km/s) flows that occur very 
frequently over the entire surface on the 
Sun^. Dere et al? noted that explosive 
events are associated with freshly emerged 
magnetic field and their Doppler velocities 
are roughly equal to the Allven speed in 
the chromosphere. They concluded that 
the events result from magnetic recon¬ 
nection. They also speculated on the pos¬ 
sible bi-directional nature of the Hows. 
However, the structure of the flows could 
not be resolved due to limited time and 
space coverage. 

The ultraviolet spectrometer SUMER 
(Solar Ultraviolet Measurements of Emit¬ 
ted Radiation) on the spacecraft SOHO 
(Solar and Heliospheric Observatory) has 
recently made it possible to observe chro¬ 
mospheric network continuously over an 
extended period and to discern the spatial 
structure of the flows associated with 
these explosive events. Interpreting the 



evolution of the Si IV 1393 A line pro¬ 
files, Innes et al.^ have now shown that 
explosive events have the bi-directional 
jets ejected from small sites above the 
solar surface. The structure of these 
plasma jets evolves- in the manner pre¬ 
dicted by theoretical models of magnetic 
reconnection^ This lends support to the 
view that magnetic reconnection is the 
fundamental process for accelerating 
plasma on the Sun. 

In order to study density structure as 
well as element abundance anomaly such 
as the occurrence of the First Ionization 
Potential (PIP) effect in the solar atmos¬ 
phere, an observing sequence based on 
the research findings on Ne VI/Mg VI 
by Dwivedi and Mohan^ was successfully 
carried out from the SUMER instrument 
on 20 June 1996. Apart from its main 
scientific goal as presented^, jet-like sig¬ 
natures in low-temperature ultraviolet 
lines have been found^'^"^. High-velocity 
flows can be clearly seen in the N III 
992 A (7= 80,000 K) images at the three 
consecutive slit positions at 72.1, 74.8 
and 77.5 Mm above the limb. The direc¬ 
tion of shifts changes from blue at 
72.1 Mm to red at 77.5 Mm as Figure 
1 illustrates. The phenomenon is similar 


to explosive events observed on the disc. 
The observations further support the mod¬ 
els assuming plasma jets being the source 
of dynamic event. In this scenario, it is 
assumed that anti-parallel magnetic fields 
reconnect at the event site ejecting a 
bi-directional plasma jet as shown in Fig¬ 
ure 2. The change from blue to redshifted 
emission can well be interpreted also as 
plasmoids that flow out from the Sun, 
stop and then fall back; or as series of 
plasmoids that form in the corona and 
then flow along oppositely directed paths. 

Such observations seem to establish the 
association between bi-directional jets and 
magnetic reconnection. There exist a vast 
collection of data obtained from the 
SUMER instmment on the spacecraft 
SOHO and similar bi-directional jets are 
expected to be seen in the solar atmos¬ 
phere wherever reconnection takes place. 
The present and future observations of 
this kind are likely to provide new clues 
to a better understanding of how the 
Sun’s magnetic energy feeds its million- 
degree hot corona and the solar wind. 
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Figure 3. A schematic sketch of a bi-directional jet. a, The expected Doppler shifts 
change as the spectrometer scan across the jet structure, b, The magnetic field lines 
(dashed) and the plasma flow (solid arrows) for a reconnection model. The jet speed 
IS of the order of the Alfven speed. upstream of the current sheet. The inflow 
speed IS much less than V^. 
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Assessing genetic diversity in wild mega animals using 
non-invasive methods 

T. N. Khoshoo 


So far the prime indicator of successful 
conservation of mega wild animals (both 
carnivores and herbivores) has been 
increase in their number in a given habitat. 
This has been aptly true of tiger. Genetic 
variability at population level has never 
been a criterion for such an assessment^ 
For instance, there are no data to show 
if the unique fish-, crab- and chital-eating 
tiger in Sunderbans (West Bengal) is 
genetically identical or different from 
the herbivore-eating tiger in Kalakad- 
Mundanthurai (Tamil Nadu): the last out¬ 
post of tiger in India. The two populations 
have been geographically isolated. The 
only study in India on genetic finger¬ 
printing of the Indian tiger and lion is 
that of Shankaranaryanan et cil? but this 
study is based on zoo tigers and lions. 
To assess the possible genetic variability 
in such animals from the natural habitats 
would entail collection of samples of 
their blood or bits of skin or even hair 
follicles. But for obtaining such samples 
from aggressive animals like tiger and 
lion, the animals have to be tranquilized. 
Wildlife experts avoid this because tran- 
quilization puts the animal to considerable 
stress and strain. The body temperature 
of the animals shoots up and in order to 
keep the animals cool, water has to be 
constantly sprinkled over their bodies, 
otherwise there is the danger of their 
brain getting damaged, which may lead 
to death of the tranquilized animals. This 
is the standard practice when electronic 
collars are fixed on isolated animals for 
monitoring their movement etc. Further¬ 
more, it may not be possible to practice 
such an invasive technique on a large 
scale for purposes of assessing genetic 
variability of a population in the wild. 

On grounds of cruelty to animals, most 
wildlifers and animal lovers are opposed 
to collection of blood, skin and hair 
follicles involving tranquilization of the 
animals. Basically, these are invasive 
methods. Ranjit Talwar (WWF-India) is 
of the opinion that some method needs 
to be evolved so as to use scats (excre¬ 
ment) of felines. In this connection, while 
I was in Washington, Alka Sehgal and 
S. Ved Brat (Braton Brat) brought to my 


notice a paper on the use of coprocyto- 
biology by Iyengar et al? . The rationale 
behind using faecal matter is that millions 
of living epithelial cells are shed into 
faecal stream in stools of human being 
which can be recovered in viable state. 
Furthermore, such exfoliated cells from 
the walls of colon are present in the 
excreta of all animals, both carnivores 
and herbivores. These cells not only pro¬ 
vide immediate past history of the colonic 
epithelium, but also have potential appli¬ 
cations for biochemical studies, cancer 
research, mucosal immunity (immuno¬ 
logy), medicine (gastroenterology), 
molecular and cellular biology, nutrition, 
and somatic cell genetics. The colonic 
cells after isolation have been used for 
mapping cell surface markers by flow 
cytometry; isolation of m-RNA, RT-PCR 
and studies on gene expression (insulin 
receptor has been isolated and cloned); 
isolation and characterization of cell sur¬ 
face glycoproteins; and isolation of DNA 
tor studies on oncogenes, tumour- 
suppressor genes and for identifying 
mutations at specific gene loci"^. Further¬ 
more, since the original report published^ 
in 1991, the procedure for isolation of 
colonic cells has undergone substantial 
modifications. The current methodology 
is both simple and far more rapid and 
cell yields in the range of 5-10 million 
per gram of stool have been obtained. 
DNA can be extracted for fingerprinting 
from these cells"^'^. 

While methods for extraction of epi¬ 
thelial cells have been standardized in 
the case of human faecal matter, the same 
may have to be attempted in the case of 
carnivores and herbivores. Once such a 
technique is standardized, it will be pos¬ 
sible to extract DNA from epithelial cells 
and work out DNA fingerprints. The tech¬ 
nique has to avoid contamination on 
account of undigested cells from the prey 
species in the case of felines, and removal 
of large amount of fibre in the case of 
herbivores like elephants. DNA finger¬ 
print profiles of such animals in the wild 
can be attempted at the population level. 
This would open the possibility to bring 
in genetic parameters in the realm of 


conservation of these mega wild animals, 
and base conservation on genetic evolu¬ 
tionary considerations. As indicated ear¬ 
lier, so far conservation of these animals 
has been based on increase in their numbers. 
Once this technique is adapted to study 
animals, it would provide a non-invasive 
method which does not involve taking their 
blood, bits of skin or hair iblliclcs. 

At present the world community of 
conservationists is looking to India for 
saving a magnificent animal like the tiger. 
This has to be accomplished on a scien¬ 
tific basis. It has become all the more 
necessary because WWF-Intcrnational is 
not able to influence USA, Japan, UK 
and other European countries and Saudi 
Arabia to stop importing tiger-based medi¬ 
cines, lotions and potions from China 
and other manufacturing centres in SB 
Asia. Furthermore, so far it has also not 
been possible for WWF-International to 
press China to develop alternatives to 
tiger bones and/or help them to develop 
tiger farms where they could kill their 
own farm-raised tigers and extract bones 
for medicinal purposes and prepare soups 
of their genetalia and other body parts. 

Techniques have also to be perfected 
to use very small quantities of herbarium 
material (without mutilating the herbarium 
specimens) to extract DNA and finger¬ 
print the same so as to assess the extent 
and nature of genetic variation in selected 
plant species. Such information will he 
useful to evolve a strategy for endangered 
plants ot economic iqjportance for pur¬ 
poses of restocking, rcintroduction, do¬ 
mestication and above all for in situ 
conservation. 

In turn, such knowledge will also en¬ 
hance understanding of phytogcography 
and zoogeography and movement of 
plants and animals in historical or geo¬ 
logical time horizons. Equally important 
would be to understand inter-relationship 
of species, and origin and evolution of 
related assemblages of plants and animals 
and genetic changes accompanying the 
transition from wild to cultivated/dome.s- 
ticated condition of plants and animals 
and such other genetic-evolutionary prob¬ 
lems. It may also be pointed out that 
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diversity exists at three levels: genes, 
species and ecosystems. These form a 
continuum and can be integrated into a 
hierarchical zoom. In selected cases there 
is also a need to understand diversity in 
such a context using simple but effective 
techniques like AFLP (amplified fragment 
length polymorphism), RFLP, RAPD, etc. 

Lastly, the purpose of writing about 
mega-wildlife in Current Science^ is to 
bring problems underlying this group of 
animals to the attention of professional 


conservation biologists, geneticists and 
molecular biologists of the country. The 
reason is that solutions to these problems 
lie well beyond the traditional wildlife 
practice. 
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Photochemical formation of gold nanoparticles in aqueous Triton 
X-100 and its application in SERS spectroscopy 


Synthesis of gold nanoparticles is a chal¬ 
lenging field because these crystallites 
have many uses. It has been used for 
staining proteins’ electrotransferred onto 
nitrocellulose and also as a medium for 
surface enhanced Raman scattering 
(SERS)~. Colloidal gold, labelled to vari¬ 
ous biological materials like lectins, 
antibodies, antigens, enzymes, or lipopro¬ 
teins enable these systems to be observed 
by transmission or scanning electron 
microscope. It can also show varying 
chemical reactivity^ which strongly 
depends on the particle size. Gold sols 
also find use in the analytical chemistry 
for the determination of various polluting 
substances^ The gold sols are charac¬ 
terized by an attractive colour which can 
vary from ruby red through purple to 
blue depending on the size. 

Gold hydrosol, containing particles of 
uniform size and regular spherical shape, 
is usually prepared by reducing HAUCI 4 
with a solution of citric acid^ or trisodium 
citrate^. The method for preparing gold 
sol by Moeremans et al? is relatively 
troublesome and requires boiling and re¬ 
fluxing. The method due to Yamaguchi 
et aO uses formalin but needs several 
hours stirring under appropriate pH. For 
maturation, it needed an additional vig¬ 
orous overnight stirring. Generation of 
gold sol from gold(lll) complex using 
other reducing agents such as ascorbic 
acid and hydrazine was also possible^ 
but proper conditions were required. Poly- 
(ethylene glycol) and poIy(vinyl alcohol) 


were also recently used^ for gold sol 
preparation but it took a long time. 

Light-induced reactions could afford an 
ideal situation for many reactions''^’”’. For 
nanocystallite formation also, photochemi¬ 
cal reduction could be an ideal alterna¬ 
tive”. It has important advantages in 
comparison to the chemical reduction. 
Being homogeneous, it is reproducible 
and can be applied at ambient temperature. 
Photoinidated reduction of gold(IIl) com¬ 
plexes has recently been accomplished 
with acetone and 2-propanol’'''''. Here, 
acetone served as the sensitizer to absorb 
the UV light to initiate radical formation 
via the acetone triplet and subsequent 
hydrogen atom abstraction from 2 - 
propanol. This type of photoreaction of 
phenols’'^ or alcohols’^ is known in syn¬ 
thetic organic chemistry but is rarely 
applied for gold cluster preparation. 
Methanol also can serve as reducing 
agent'for gold sol preparation in a 
photochemical way. 

Prevention of coagulation of small 
metal particles to form larger particles is 
another important criterion for nano¬ 
particle generation. Chemically prepared 
metal colloids are only stable in solution, 
as they are protected by solvent molecules 
and electric charges, preventing coagula¬ 
tion. Addition of macro molecules like 
poly(vinyl alcohol) and poly(vinyl pyr- 
rolidone)’^, co-polymers of vinyl alcohol 
and A^-vinyl pyrrolidone’^, cyclodextrins'''’, 
colloidal silicic acid^^’, diallyl dimethyl 
ammonium chloride’^ sodium polyphos¬ 


phate'', etc. also worked well 
purpose. 

Here we report a photochemical 
for gold sol preparation using Ti 
100 (TX-lOO) in aqueous mediu 
simple and quick way. Figure 1 
the surface plasmon absorbanc 
(523 nm) of the zerovalent gold p 
by photoirradiation of 2 ml 
(10~" M) containing HAUCI 4 (1 
final concentration) for 20 min. M< 
centrated solutions of gold(ni) 
used to obtain higher yields of g( 
tides. The irradiation was done 
germicidal lamp (15 W; Sankyo 
Japan). The samples were taken : 
stoppered 1 -cm quartz cuvettes ai 
kept at a distance of 3 cm from t 
source. Deoxygenation of the , 
followed by irradiation for 20 r 
not cause any change in the abs 
at 523 mm. The sol is stable fc 
than a month. Without TX-lOO, ^ 



Figure 1. VIS spectra of gold hydro 
20 min irradiation. 
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Figure 2. TEM picture of colloidal gold. 



Figure 3, SERS spectra of pyridine in photochemically prepared gold sol. 


failed to give any colour for gold sol 
even after 1 h irradiation. If kept in the 
dark (i.e. without light), aqueous TX-lOO 
failed to generate any colour even in 8 h. 
A kinetic study was made to see the 
effect of time of irradiation on the sol 
production. It was found that 12-35 min 
time was optimum. Since TX-lOO acts 
here both as a reducing agent and particle 
stabilizer, the effect of TX-lOO concen¬ 


tration was also studied and the effective 
concentration was found to range from 
10“' to lO-^M. 

The size of the particles was measured 
using both transmission electron micro¬ 
scope (TEM) and Coulter (N4) counter 
using light scattering through an angle 
of 90°. Figure 2 shows the electron 
micrographs of the sol. It is remarkable 
to see the non-spherical nature of the 


gold particles which is rather abnormal. 
The average particle size observed was 
14 nm. 

The gold sol produced has remarkable 
stability towards laser illumination. It 
shows highly intense reproducible SERS 
spectrum for pyridine. Figure 3 shows 
an SERS spectrum of pyridine 
(8.8 X 10“^ M), obtained (a Kr laser with 
lOOmW power was used) after 10 min 
of addition of pyridine into the gold sol. 
The peaks observed are characteristic for 
pyridine molecule^’^ On adding pyridine 
to the sol, a change of colour from red 
to blue due to aggregation is observed 
which is a criterion to see the SERS. 
This type of colour change also occurs 
for the gold sol prepared by the citrate 
method. The laser-exposed sol (with or 
without pyridine) can be kept under am¬ 
bient condition for >7 days without any 
change. The spectrum was reproducible 
even after seven days. 

Identification of the product in the pro¬ 
cess was attempted through IR spectral 
studies. The appearance of a new band 
at 1613 cm"' indicated the formation of 
carboxylate group during the photo¬ 
oxidation of TX-lOO by gold(III). FIow- 
ever, more exhaustive studies are war¬ 
ranted to have a clear insight into the 
complete mechanism. 

The method for gold sol preparation 
described here is simple, quick and re¬ 
producible. We believe that this will offer 
considerable opportunities in the field of 
SERS and other nanoparticle research. 
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Biosafety of transgenic crops: Precautions for case-bv-case risk 
assessment 


As contributors to commercial exploita¬ 
tion of rDNA technology in agriculture, 
transgenic crops were a hope a decade 
ago. Today, they are a reaIity^ The com¬ 
mercial cultivation of a respectable num¬ 
ber and many more that are currently 
being field tested for biosafety and 
environmental clearance stands testimony 
to their relevance^ In spite of this and 
the very vigorous promotion of trans- 
genics by proponents of the technology, 
concerns about potential negative impact 
of the transgenics on the health and 
nutrition of the consuming public and on 
the environment persist. The debate on 
adequacy of current procedures of 
biosafety testing and environmental risk 
assessment has become so intense as to 
create a vertical divide between the pro¬ 
tagonists and the opponents*'*’'^. The former 
argue that testing of the product should 
not be linked to the technology used for 
its production and be pragmatically based 
while the latter advocate that since 
genetically engineered plants are produced 
by a new technology, many consequences 
of which have not been fully tested, 
should not be equated with products of 
conventional breeding and the projected 
negative effects should be proved to be 
absent by experimentation. 

Crops differ markedly in their require¬ 
ment of various components of ambient 
environment for optimum growth and 
yield, modes of reproduction and agro¬ 
nomic husbandly. When variables like 
nature of transgene and its source; the 
characteristics of transgene product and 
the possibility to its modification by 


interaction with products of other genes 
and the environment; flow of the trans¬ 
gene into other crops, crop-related wild 
species and non-target organisms; the nu¬ 
tritional, health-related effects of the trans¬ 
gene product, etc. are superimposed on 
diversity of crops, a bewildering variety 
of complexities confronts us while deter¬ 
mining biosafety and environmental risk 
assessment. No universally applicable 
guidelines are possible in such a situation 
lor objective and acceptable risk assess¬ 
ment. For this reason, it has been accepted 
that the assessment should be made case 
by case^. 

According to the current procedures in 
countries where transgenics have gradu¬ 
ated to commercial reality, the regulatory 
authorities typically require information 
on the lollowing for granting permission 
for large open field tests and determining 
biosafety and environmental risk assess¬ 
ment for commercial release: Donor of 
genetic material, Recipient, Vector or vec¬ 
tor agent used for gene transfer, Field 
trial plans (test site, experimental design, 
containment, etc.). Product of transgene 
(expression, toxicity, allergenicity, pleio- 
tropic effects, product degradation, etc.). 
Environmental fate (gene escape, weedi¬ 
ness, genetic diversity, effect on non¬ 
target organisms). 

It is thus seen that concern is focused 
on the crop-transgene combination only. 
No account is taken of the possible con- 
tipous cultivation of different cultivars 
of a crop containing the same transgene. 
This we believe is a serious lacuna, the 
relevance of which assumes even greater 


significance in a country like ours where 
farm size holdings are very small and 
difference among farmers for new tech¬ 
nology absorption and practice is wide. 
For this reason the nature and details of 
case-by-case assessment in our situation 
will have to be different from that 
obtainable in the developed world. Let 
us illustrate this by a few examples. 

First, a transgene mobilized into dif¬ 
ferent crops that constitute components 
of a farming system. A gene for herbicide 
tolerance is moved into three or four 
crops that traditionally go into a rotation 
cycle. Self-sowns will inevitably contri¬ 
bute seed to the succeeding crop/s. Even 
if we do not go by the scientific definition 
of what is a weed, a sizable amount of 
rouge seeds can considerably diminish 
the commercial value of the crop produce. 
The second case where the same or closely 
homologous transgenes are moved into 
the same crop, the theoretical conse¬ 
quences can be even more serious. It is 
known that multiple copies of transgene 
or a combination of closely homologous 
transgenes can result in gene silencing^ 

It is also known that gene flow among 
genotypes of a crop cultivar can be siz¬ 
able . When different entrepreneurs and 
public sector institutions produce trans¬ 
genics using a particular or similar gene 
for producing cultivars of the same crop, 
the fields will be mosaics of varieties 
containing the same gene. In such cases, 
following gene exchange among cultivars, 
the copy number of transgenes will 
increase in progeny generation. If such 
seeds are used to raise crops, gene 
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silencing will have serious consequences. 
When the gene in question controls a 
phenotype on which a farmer keeps a 
constant vigil, the adverse consequences 
of gene silencing can, in theory, be miti¬ 
gated. An example of such a situation 
would be Bt-gene for insect tolerance. 
However, when the transgene has been 
employed to alter a characteristic not 
visible to the naked eye or for which no 
corrective measures are available against 
failure, the impact of gene silencing will 
go unnoticed or will have to be suffered. 
An example of such a situation would 
be a transgene, in sense or antisense 
orientation, that modifies chemical com¬ 
position such as a changed fatty acid 
profile or elaboration of an allergin. In 
practical agriculture, gene silencing in 
both the situations leads to commercial 
consequences of significance. For situ¬ 
ations like an insect pest epidemic, farm¬ 
ers cultivating a transgenic can be caught 
unawares because of conferred over-con¬ 
fidence that they are cultivating a product 
of high technology. The suffered losses 
could be considerable. The consequences 
of gene silencing of a quality conferring 
transgene can be even more serious. 

The third example is of transgenics 
carrying viral coat-protein genes to resist 
pathogenic viruses. Heterocncapsidation 
of viruses is observed in nature when 
mixed viral infections occur on a host 
plant^. Similar transcapsidation of a virus 


with transgene-derived coat protein may 
help the movement of virus beyond its 
normal host range. Such movement is 
considered a dead-end event because the 
virus will not be able to spread to another 
plant. However, if the new host is a 
perennial or is clonally propagated, even 
limited movement becomes a serious con¬ 
cern. Furthermore, in the event that the 
new host is also a transgenic that produces 
a different coat protein, the virus will 
have opportunity of spread to new hosts. 
The consequences of extended host range 
of viruses, facilitated by transgenics, are 
difficult to quantify at the current level 
of knowledge. 

In the light of foregoing discussion, it 
becomes clear that even in case-by-case 
monitoring of biosafety concerns and en¬ 
vironmental safety assessment, countries 
with different agricultural practices will 
need to deliberate and decide on criteria 
on which to base assessment. Developing 
countries can profitably draw upon the 
experience of the developed world but 
would nevertheless need their own exer¬ 
cise to develop guidelines which combine 
scientific soundness with pragmatism. 
Only such guidelines will inspire public 
confidence and allow advantages of the 
new technology options provided by 
rDNA technology to be exploited. Allay¬ 
ing concerns through experimentation, sci¬ 
entific knowledge and valid arguments 
are necessary but fears that are either 


not verifiable or would take so long to 
verify that negates the cost-benefit equa¬ 
tion should not hold back exploitation of 
products that arise from an innovative 
new technology. 
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A new destructive disease of neem (Azadirachta indica) incited by 
Phomopsis azadirachtae 


Neem {Azadirachta indica A. Juss.), com¬ 
monly called ‘Margosa’ or ‘Indian lilac’, 
is an evergreen tree. It is one of the 
most versatile, multipurpose plant species 
of the tropics with immense potential to 
protect the environment while developing 
sustainable agriculture (Figure 1 a). Neem 
is well-known for its durable wood, 
insecticidal and various types of biomedi¬ 
cal propertiesPresently India is the 
largest producer of neem seeds in the 
world^ with Karnataka in the third place 
preceded by Uttar Pradesh and Tamil 
Nadu. This ecofriendly native tree of 
India is perhaps the most researched tree 


in the world. 

Field survey conducted during the last 
four years has revealed that there is a 
destructive die-back disease on neem trees 
of all ages and sizes in many areas of 
Karnataka State, South India (Figure 
1 b). It has caused almost always 100% 
loss of fruit production in severely 
infected individual trees. Presently, it is 
the major crippling disease of neem. 
Aseptic isolation from the diseased twigs 
throughout the year persistently yielded 
the same fungus. This fungus is a hitherto 
unknown species of Phomopsis^'. Based 
on distinctive cultural and morphological 


characteristics as well as its limited host 
range, Sateesh et al. erected it as a new 
species, viz. Phomopsis azadirachtae 
Sateesh, Bhat & Devaki’. There has been 
no other report so far on the species of 
Phomopsis pathogenic to A. indica except 
a reference in the Monograph on neem. 
There it is referred that a die-back and 
twig blight are caused by unidentified 
species of Phomopsis (Khan, unpublished) 
in New Forest, Dehra Dun, North Indial 
P. azadirachtae was isolated from the 
diseased twigs once in every 15 days 
during 1995 and 1996 by inoculating 
surface-sterilized explants of A. indica 
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onto potato dextrose agar medium*'''''’. The 
conidiomata became visible after seven 
days and oozed out the conidia in cream 
to dark yellow-coloured sticky mass after 
10 to 16 days. P. azadirachtae grew on 
wide temperature range of 15-35°C with 
optimal growth at 26-28°C and is pho- 
tosporogenic in nature. The pathogen was 


capable of growing on various natural 
and synthetic media^ over a pH range 
of 4-9. 

Pathogenicity test was carried out by 
inoculating aseptically raised three-month- 
old seedlings of A. indica with wounds 
made by sterile needle. The wounds were 
inoculated with sterile cotton squabs 


dipped in conidial suspension of 
dirachtae at spore concentration oJ 
per ml in sterile distilled wat 
control plants were inoculated b 
sterile distilled water alone. The 
lated seedlings were maintained ii 
house with 26-28°C/22-24°C d 
temperature, under high humidity. 
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branches of field-grown neem trees were 
also inoculated in the same method with 
similar spore concentration and the 
wounds were covered by wet sterile 
cotton. The stems of seedlings and the 
branches of field-grown trees showed dry¬ 
ing after 20-30 days. The stem portion 
above the inoculated area became 
senesced producing conidiomata/pycnidia 
on dead plant parts. The pathogen also 
produced blight symptoms on twig, leaflet 
and inflorescence of field-grown trees. 
The conidia are disseminated by rain 
droplets and insects, as they are produced 
in a sticky tendrillar mass (Figure 
1 c,d\ 

P. azcidirachtcie was reisolated from 
the artificially inoculated plant parts and 
seedling explants but not from the control 
plants, where sterile distilled water served 
as inoculum without any conidia. The 
pathogen seems to be host specific and 
did not produce symptoms on non-host 
plant (Melia azedarach L.) as found out 
in our artificial inoculation experiments. 

Pathogenic Phomopsis species are well- 
known to produce die-back, blight and 
canker to various cultivated and wild 
plants especially in tropical regions' 
Khan (cf. 8) made preliminary observa¬ 
tions on die-back and twig-blight of A. 
indica, and attributed the disease to the 


genus Phomopsis^, but did not confirm 
its pathogenicity^. Persistent isolation 
from the diseased trees, artificial inocu¬ 
lation and also restricted host range 
observed during the present study confirm 
the fungus as pathogenic to A. indica. 
Neem is known to be affected by various 
pathogenic microorganisms^*'^’'^. This is 
the first report of Phomopsis species 
lound to be pathogenic to A. indica. 
Further detailed studies regarding biology, 
epidemiology and management of this 
devastating disease are under progress. 
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A declining trend in the interest of fresh 
graduates for doctoral and post-doctoral 
training in different areas of science and 
technology 


Sushil Kumar, Sushila Khilnani and 7. P. Sehgal 

This study was conducted for the period of 1989-96 on the interest among the master's and 
doctorate degree holders for pursuing doctoral and post-doctoral research through support of 
CSIR in the form of research scholarships. It was found that over the 1991-96 period there 
was on an average only 0,4% increase in the enrolment rate for predoctoral and post-doctoral 
stipendary scholarships, in contrast with over 2.1% growth rate in population and more than 
5% rate of increase in enrolment to tertiary education courses. The observation suggests that 
the interest of fresh graduates in the pursuit of doctoral and post-doctoral studies in science 
has decreased in India in the recent years. It has been surmised that the reported drop in the 


number of scientific research publications from 
persons conducting doctoral and post-doctoral 

Economic growth of a country is dependent on the 
science and technology (S&T) outputs and application 
of the R&D results into agricultural and industrial pro¬ 
duction, maintenance of the health of the people and 
mitigation of environmental pollution. An S&T output 
is in the form of the research publications and the recent 
studies on the international publications pattern indicate 
that the number of S&T publications from India is 
falling*. It is felt that this trend may negatively affect 
India’s growth. The essential inputs for S&T develop¬ 
ments include information, infrastructure, funds and man¬ 
power. On account of the large size of India’s population, 
and simultaneous emphasis on primary, secondary and 
tertiary level education, the S&T manpower will continue 
to be of prime importance, when other inputs will 
continue to be limited. The contributors to the scientific 
literature are the established scientists and the doctoral 
and post-doctoral trainees associated with the former. 

A question in relation to the above that we have 
addressed is as to whether the decreasing trend in the 
number of papers published from India is related to any 
decreasing interest in the pursuit of science among young 
persons eligible to carry out doctoral and post-doctoral 
work? This question has been examined through a study 
of the trends in the demonstration of interest by fresh 


The authors are in the Human Resource Development Group, Council 
of Scientific and Industrial Research, CSIR Complex, New Delhi 
110 012, India; Sushil Kumar is also at Central Institute of Medicinal 
and Aromatic Plants, Lucknow 226 015, India. 

20 


India is because of the drop in the number of 
research. 

graduates in the recent years in the pursuit of doctoral 
and post-doctoral education programmes. 

Methodology 

In India, the specialization in science begins at the 
secondary level of education at 10 + 2 level. All the 
science students have to study physics, chemistry, biology 
and mathematics to obtain the 10 + 2 certificate. Students 
opt for different disciplines of natural sciences, engi¬ 
neering and medicine at the graduate, post-graduate and 
doctoral levels. A number of agencies of the government 
offer fellowships to support education and training at 
the doctoral and post-doctoral levels, depending upon 
their interest in the specialization of the out-turnees. 
CSIR offers fellowships at doctoral level in two ways 
to the master’s degree holders: (i) through a competitive 
CSIR-UGC national educational test (NET) conducted 
for offering the junior research fellowships (JRF) to the 
successful candidates; and (ii) by conducting oral inter¬ 
views of the master’s degree holders possessing two 
years of practical experience for offering senior research 
fellowships (SRF) and of the Ph D degree holders for 
the offer of research associateships (RA) and senior 
research associateships (SRA)^’l CSIR’s fellowships and 
associateships roughly account for 50% of such oppor¬ 
tunities offered in India and are much sought-after. The 
number of applications received for the award of these 
scholarships over the period 1989 to 1996 is thus fair 

CURRENT SCIENCE, VOL. 74, NO. 1, 10 JANUARY 1998 




GENERAL ARTICLES 


indicative measure of the interest of graduates in the 
pursuit of higher education. The data on the population 
and out-turns from the university system^'^ and appli¬ 
cations received in CSIR over the 1989 to 1996 period 
have been utilized here for parametering the developing 
trends in the area of higher education in science, engi¬ 
neering and medicine disciplines of the S&T in India. 

Results 

An analysis of the data on the number of applications 
received in the CSIR for its JRF, SRF, RA and SRA 
scholarship schemes is presented in Table 1. 

The number of the examinees of the NET conducted 
by the Council of Scientific & Industrial Research and 
University Grants Commission (CSIR-UGC) for the 
selection of candidates for the JRF-ship grew at an 
average rate of only about 1.6% in 1993-94 and 5.2% 
in 1995-96 over the figures of 1991-92. While this 
marginal increase occurred in most of the natural science 
disciplines, the interest in the earth science discipline 
dropped considerably. The trend is also evident from 
Figure 1 a where the interest in the JRF-ship has been 


measured as a ratio of the applicants and total post¬ 
graduate out-turn. In all the fields of science and 
engineering, the number of persons opting for SRF-ship 
of CSIR went progressively down during 1989 to 1996. 
There was drop in the interest to take SRF-ship of 
about 17% over the period 1991-92 to 1993-94. A 
further 13% drop took place between 1993-94 and 
1995-96. Among all the disciplines in natural sciences, 
the drop in the interest of postgraduates for doctoral 
studies was particularly striking in physical sciences 
(including mathematical science) and earth sciences, 
where the percentage drop from 1991-92 to 1995-96 
was about 36% and 54% respectively. The interest for 
the doctoral work in medicine and engineering also 
waned by 28% over 1991-92 to 1995-96. Similar trends 
emerged when the continuance of the interest in pursuit 
of sciences among master’s degree holders was measured 
by the ratio between the applicants of SRF of CSIR 
for a particulai' year divided by the number of M Sc 
graduates of two years earlier. These ratios for different 
scientific disciplines are shown in Figure 1 b. It will 
be seen that as compared to the ratios of 1989-90, 
which were in the range of 0.003 to 0.134 in the 


Tabic 1. Number ot applicants for the CSIR’.s junior and senior re.sBarch fellowships, research associate.ships and senior research 
associateships in different disciplines of natural sciences, medicine and engineering 


Fellowship/associateship 

Subject area 

Number of candidates who applied for the fellowship/associateship in the years 

1989 + 90" 

1991 + 92 

1993-+94 

1995 + 96 

Junior research 

Chemical science 

4478 

11,054 

11,147 

11 769 

fellowship (JRF) 

Earth science 

1551 

3480 

2384 

1912 


Engineering science* 

391 

4141 

2914 

734 


Life science 

6116 

17,235 

18,980 

20,436 


Mathematical science 

2415 

6367 

6366 

7648 


Physical science 

2493 

7292 

8552 

9631 


Sub-total 

17,444 

49,569 

50,343 

52,130 

Senior research 

Chemical science 

801 

731 

698 

610 

fellowship (SRF) 

Earth science 

299 

382 

251 

175 


Engineering science 

260 

492 

354 

338 


Life science 

1822 

2081 

1918 

1610 


Medical science 

414 

508 

365 

337 


Physical science'^^ 

617 

559 

371 

359 


Sub-total 

4213 

4753 

3957 

3429 

Research associateship (RA) 

Chemical science 

535 

664 

684 

597 


Earth science 

122 

239 

273 

242 


Engineering science 

104 

194 

147 

119 


Life science 

964 

1134 

1232 

1074 


Medical science 

123 

167 

125 

155 


Physical science^' 

231 

372 

467 

467 


Sub-total 

2079 

2770 

2928 

2654 

Senior research 

Medicine 

881 

514 

264 

245 

associateship (SRA) 

Natural science 

519 

307 

288 

257 


En gineeri ng/technology 

138 

98 

49 

17 


Sub-total 

1538 

919 

601 

519 

Total 


25,274 

58,011 

57,829 

58,372 


'‘ = For JRF, the figures are for the year 1990 only. 

^ = The engineering discipline was discontinued from mid 1995. 
‘' = This broad subject includes mathematical science. 
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Figure 1. Subjectwise ratios of the number of applicants for a position and the total post-graduate OLil-iurn, a. Ratios of the r 
applicants for the CSIR-UGC junior research fellowships in a year and the total post-graduate out-turn of that year as well as of one 
for the period 1990 to 1966. h, Subjectwise ratios of the number of applicants for the CSIR senior rCvSearch fellowships in a year ant 
post-graduate out-turn of two years ago, for the period 1989 to 1996. c, Subjectwise ratios of the number of applicants for the CSIl 
associateships in a year and the total doctorate out-turn of one year ago, for the period 1989 to 1996. d, Subjectwise ratios of the \ 
applicants for the CSIR research associateships in a year and the total post-graduate out-turn of five years ago, for the period 1989 
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PhD ratio 
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■ 91+92 
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Applicants for a year 
Total PhD outturn of 2 
years ago 


Applicants for a year 
Total master's outturn of 7 years 
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Figure 2. ^ Subjectwise ratios of the number of applicants for the CSIR senior research 
associateships in a year and the total doctorate and post-graduate out-turn of two and seven 
years ago, for the period 1989 to 1996. 


different disciplines, ranging from engineering to earth 
science, the comparative ratios in 1995-96 were in the 
range of 0.003 to 0,062. There has been reduction in 
the interest of continuing scientific research at the post¬ 


doctoral level in most of the scientific discipline 
in the engineering science where the level of 
has continued to be stable. 

The trend of interest in the pursuit of the post- 
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studies as RA is similar to that for doctoral studies as 
SRF as can be seen from Table 1 and Figures 1 c and 
1 d. The number of persons opting for RA or post-doctoral 
research has gone down since 1993-94. In the engineering 
sciences, interest in the post-doctoral research dropped 
by about 20% over 1993 to 1996 period. There has 
been decline of interest in the RA-ship on an average 
of about 12% in other natural sciences disciplines, 
excepting physics where the interest has sustained. The 
drop of interest in the RA-ship has been a little less 
pronounced than that in SRF-ship presumably because 


of the commitment to the scientific career already made 
by the scholars who are holding Ph D or equivalent 
degree. It will further be noted from Figure 2 that there 
has been continuous decline in the interest in pursuing 
sustained post-doctoral research since 1989 in all the 
areas of science and engineering. Between 1989-90 and 
1995-96 the drop in such interest has been to the extent 
of about 65%. 

Figures 3 shows that the interest in the pre- and 
post-doctoral pursuit of scientific research has not been 
commensurate with the general growth of interest in the 


Ratio 
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tertiary education and population rise. There has actually 
been a decline in interest, marginal in the case of 
pre-doctoral research through JRF-ship and a rather high 
level of erosion of interest in the pre-doctoral and 
post-doctoral reseaixh through SRF-ship, RA-ship and 
SRA-ship. 

Discussion 

Briefly, the above results have shown that over the 
1991 to 1996 period, there was, on an average, only 
0.4% increase in the enrolment rate for pre-doctoral and 
post-doctoral stipendary research scholarships in the form 
of JRF, SRF, RA and SRA of CSIR. This contrasts 
with about 2.1% growth rate in population and more 
than 5% rate of increase in the enrolment into tertiary 
education courses over the same period^ The answer 
to the question posed in the introduction is apparent 
from the above results. The interest in the pursuit of 
doctoral and post-doctoral studies in science has 
decreased in India in the recent years. It is also possible 
to conclude that the drop in the number of publications 
from India might be for the same reason. In this regard 
it is to be noted that the doctoral and post-doctoral 
research work .done by the research scholars under the 
guidance of senior scientists is largely the basis of much 
of the work published from the country. Evidently, the 
career in science does not seem to be the main attraction 
for fresh graduates/post-graduates any more. 

What are the reasons for the above developments? It 
is surmised that the drop in interest in scientific research 
among the young people in India may be related to the 
scarcity of job opportunities in the university system 


and academic institutions, the former being more or less 
static in size and the latter having undergone a 10% 
cut. It seems that these forces are driving those students, 
who showed interest in a career in science at the 
10 + 2 and graduate levels, from sciences to the vocational 
diploma level courses and trade and commerce-related 
areas at masters and doctoral levels. Another reason for 
the erosion of interest in science and engineering-related 
research caixers among the younger generation may be 
due to the fact that avenues of employment have suddenly 
brightened in the manufacturing, trade and marketing 
sectors, partly on account of the liberalization of the 
nation’s economy. However, the scientifically trained 
manpower will continue to be a prime need for the 
country. Scientists, engineers and medical doctors will 
be required in lai'ge numbers for the technological 
developments in agriculture, industry and medicine to 
improve the quality of life of the people. There is a 
need for all concerned to discuss this issue in detail 
for evolving a strategy for the growth of trained man¬ 
power in science and engineering in the country. 
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Prospects of success of biotechnological 
approaches for improving tolerance to 
drought stress in crop plants 

Renu Khanna-Chopra and Suresh K. Sinha 

Abiotic stresses such as drought, temperature, salinity and others generally reduce crop 
productivity. The abiotic stresses are location-specific, exhibiting internal variation in occurrence, 
intensity and duration. These could occur at any stage of plant growth and development which 
represent the dynamic nature of crop plants and their yield. A few transgenics in tobacco and 
rice overproducing osmolytes and stress proteins have been produced and tested for tolerance 
to salt and drought stress in the vegetative stage. The genes being manipulated are not 
mechanistically linked with the process of yield formation. Using biotechnological approach it 
IS difficult to foresee abiotic stress-resistant transgenics growing in the farmer's field in the 
near future. It is suggested that breeding for drought tolerance requires the identification of 
traits for phenology and those contributing to yield so that these can be pyramided using 
conventional means. 


There is a serious concern for food security of developing 
countries including that of India for the following reasons: 
(i) Increasing food demand for the rapidly bourgeoning 
population, which will be further enhanced due to im¬ 
proved economic growth, (ii) Stagnating or declining 
productivity in high productivity regions, often described 
as ‘Green Revolution’ fatigue, and (iii) Increasing 
vulnerability to agriculture as a result of potential climate 
change. 

Therefore, there is a conscious effort to improve 
production from areas which are commonly exposed to 
abiotic stresses, such as drought, temperature, salinity, 
alkalinity, waterlogging and nutrition. We are confronted 
with the following major problems; (i) Almost all abiotic 
stresses adversely influence growth, induce senescence 
leading to death or reduced crop yield. Is there a 
common mechanism through which abiotic stresses cause 
these effects? (ii) What are the target traits which can 
be amenable to genetic engineering (biotechnology) for 
improving tolerance or resistance to abiotic stresses? 
(iii) Are expression and selection of tolerance for abiotic 
stresses in tissue culture or transformed plantlets 
maintained at all stages of development? (iv) How can 
plant processes leading to grain yield be manipulated 
by a few genes? Since it is not possible to address 
the problems of many abiotic stresses in a relatively 


The authors are in Water Technology Centre, Indian Agricultural 
Research Institute, New Delhi 110 012. India. 


short article, we largely confine here to the problem of 
drought. 

Drought and drought resistance 

There are several definitions of drought which include 
precipitation, evapotranspiration, potential evapotranspi- 
ration, temperature, humidity and other factors individu¬ 
ally or in combination'. 

However, for a farmer or a land area, drought is lack 
of available moisture (including that in the soil), which 
adversely affects crop productivity; it is also the failure 
of available water for irrigation to raise a crop. Since 
there is a loss in yield due to drought (or to put it 
more correctly, due to water-deficit stress), the drought 
resistance would be the mechanisms that will help in 
reducing or minimizing the loss. Drought has been 
defined as ‘the inadequacy of water availability, including 
precipitation and soil moisture storage capacity, in quan¬ 
tity and distribution during the life cycle of the crop 
to restrict expression of its full genetic yield potential’I 
The drought resistance is thus defined as ‘the mecha- 
nism(s) causing minimum loss of yield in a water-deficit 
environment relative to the maximum yield in a water 
constraint free management of the crop’. We are, there¬ 
fore, dealing with atleast two dynamic components. One 
is water availability through precipitation or otherwise 
with the uncertainties in time, distribution and amount, 
and the other is the plant itself going through all stages 
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of growth and development starting from seed germi¬ 
nation to grain development. Matching these two dynamic 
processes in a manner that the influence of water .deficit 
on yield is minimized becomes a matter of probability. 
This is unlike disease or pest resistance where a genetic 
relationship between the host and the parasite can be 
established and utilized through both conventional meth¬ 
ods of plant breeding or molecular tools and genetic 
engineering with a higher degree of success. 

The nature of drought 

The drought-prone regions of India are given in Figure 
L which are mostly the semi-arid regions of the country. 


Punjab and Haryana, which are highly productive regions 
of the country, are semi-arid, but for irrigation systems 
would be much less productive. Thus agro-ecologically 
these regions are semi-arid but they are agro-productive 
because of irrigation. We normally define kharif (mon¬ 
soon season) and rabi drought as follows: 

Kharif (monsoon) drought 

The kharif drought may be caused by one or more of 
the following situations: (i) The rains may start late 
relative to the long term average date of arrival, (ii) 
First few days of rains are not enough for establishment, 
although these may be enough for germination, (iii) 



Figure 1. Drought-prone regions of India, 
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There may be breaks of more than a week in monsoon, 
and the maximum and minimum temperatures are 37°C, 
and 30°C respectively, (iv) There may be no uniform 
distribution of rainfall for example, most of the rain 
comes in first 4 to 6 weeks causing terminal drought 
or water deficit at grain filling period, (v) The total 
rainfall is less than normal (long term average), could 
be 19 to 60%. 

Rabi drought 

Rabi drought is relatively better predictable, and will 
be observed under the following situations: (i) When 
there is not enough soil moisture at the start of planting; 
(ii) When there are no winter rains; and (iii) When 
there is not enough moisture in soil profile in post- 
anthesis period. 

It must be recognized that the capacity of the soil to 
store water, and the atmospheric temperature are impor¬ 
tant factors in determining the nature of drought. Since 
so many variables at esich location differ from year to 
year, the performance of a crop may not be repeatable 
every year at the same place. Consequently, location 
specificity of cultivars in combination with stability for 
yield in grain crops become the desirable objective. 

Crop requirements for productivity 


Indeed a number of genes would be involved in each 
of the above five stages, and the question would be of 
their expression in response to various abiotic stresses. 
If there is no stress, crops would pass through these 
stages without any loss in productivity. However, one 
or more of these phases can be disturbed by any 
unexpected change in the environment. The following 
examples may be considered: 

1. Germination and vegetative growth occurs but it is 
followed by a long spell of dry period. The plants 
must survive and in case the water becomes available 
there is resumption of growth. 

2. Stress could come at the time of differentiation which 
may influence flowering or emergence of spike in 
cereals, or cause abscission of flowers. 

3. The water deficit could occur at anthesis and during 
grain development affecting both the source as well 
as the sink, directly affecting the grain development. 

Therefore, it is difficult to extrapolate the results of 
microorganisms to higher plants particularly if crop 
yield-based resistance to stresses is the objective since 
the level of organization is different. Nevertheless, we 
need to consider the development in characterization 
and isolation of genes attributed to drought stress. 

Genes for resistance to drought stress 


The crop productivity depends on various phases from 
germination to grain development. The objective is to 
obtain yield through development of yield components 
which, in turn, depend firstly on mechanism of flower 
differentiation and secondly on a balance between growth 
and yield components. We can broadly classify the 
various phases as follows: (i) germination and estab¬ 
lishment; (ii) vegetative growth; (iii) differentiation and 
flowering; (iv) development of yield components; (v) 
grain development. 


There has been substantial progress in identifying genes 
for resistance to various abiotic stresses such as tem¬ 
perature, salinity, waterlogging, nutrition, drought and 
others. This discussion will be confined to only a few 
transgenics overproducing osmolytes or stress proteins 
and tested for tolerance to drought stress (Table 1). 

Proline 

A strong correlation was reported between proline 


Tabic 1 . Tran.sgenics produced for improved drought and .salt tolerance 


Transgenic 

over-expressing 

Plant 

Water 

relations 

Claim 

Ref. 

Mannitol 

Tobacco 

None 

Tolerance to 

salinity 

selectable 

Tarezynski et al}^ 

Glycine-betaine 

Tobacco 

chloroplast 

None 

Marker for 
osmoprotectant 

Rathinasabapathi et ciL^‘^ 

Fructan 

Tobacco 

None 

Resistance to 
drought stress 

Pilon-Smits et 

Proline 

Tobacco 

None 

Tolerance to 
osmotic stress 

Kavi Kishore et 

LEA 

Rice 

None 

Tolerance to 
water deficit 
and salinity 

Xu et Clip 


Mostly grown in vermiculite which has high water-holding capacity. 
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accuinulation in seedlings of barley varieties and stability 
in yield under different drought conditions^ Yield sta¬ 
bility was used as a measure of drought resistance and 
was based on yield at different locations which differed 
in precipitation”*. This prompted search for genes asso¬ 
ciated with proline accumulation. However, the most 
stable variety Bankuti Korai was earliest in flowering 
and maturity, thus escaping drought. Within the drought- 
resistant variety Excelsior and the drought-susceptible 
variety Proctor (drought resistance and drought suscep¬ 
tibility based on stability) considerable seed to seed 
variation was found’, thus questioning the earlier claims’. 
However, the proline-accumulating mutants in E. coli 
had survived at a much higher concentration of sodium 
chloride*’, which was erroneously equated to drought 
resistance. Proline was subsequently shown to be a 
compatible solute that will provide protection against 
denaturation of enzymes caused by high temperature’. 
Some genes related to proline synthesis, proline transport 
and accumulation have been identified**""'. P5C synthetase 
and proline dehydrogenase genes involved in the syn¬ 
thesis and degradation of proline have been cloned""’. 
Salt stress and dehydration induce the expression of the 
gene for P5C synthetase and down-regulates the proline- 
dehydrogenase gene’. It was shown that transgenic 
tobacco plants overexpressing P5C synthetase gene 
exhibited high level of the enzyme and produced 10-18 
fold more proline than control plants. These results 
suggest that activity of the first enzyme of the pathway 
is the rate limiting factor in proline synthesis*’. The 
overproduction of proline enhanced root biomass and 
flower development in transgenic plants under drought 
stress conditions. However, the mechanism through which 
the increased cytoplasmic proline concentration may 
influence water relations at the whole plant level is not 
understoodThe enhanced root growth provides advan¬ 
tage in drought environments only if water is available at 
lower layers in the soil profile. There is no decline in 
solute potential of ti'ansgenic plants despite overexpression 
of solutes. These results are not explainable on the basis 
of current knowledge of water relations in plants. 

Fructan 

Fructans are polytructose molecules that are produced 
in only 15% flowering plant species, including wheat 
and barley. It functions mainly as a storage carbohydrate 
but being soluble may help plants survive periods of 
osmotic stress induced by drought or cold, by varying 
the degree of polymerization of the fructan pool. The 
petal opening in daylily involves the conversion of 
fructans to low degree of polymerization products which 
help in osmotic adaptation”. To investigate the possible 
functional significance of fructans in drought stress, the 
bacterial gene SacB from Bacillus subtilis encoding levan 
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sucrose was introduced into tobacco, a non fructaf,_ 
accumulating plant'**. The transgenic tobacco that pi-^ 
duces bacterial fructans was produced and examined 
growth performance under PEG-mediated drought stress 
The growth of the transgenic plants was significanti.J 
higher both on fresh weight and dry weight basis und^ 
drought stress compared to the wild type tobacco. The 
transgenic tobacco exhibited significantly more biomass 
accumulation in roots under drought stress and higher 
non-structural carbohydrate content under all conditions 
Hence we conclude that fructan synthesis in tobacco lead^ 
to enhanced resistance to drought stress. However, the 
mechanism of the improved performance is not clear since 
fructan concentration is too low to have an osmotic effect 

LEA 

Osmotic stress induces the accumulation stress of a set 
of low-molecular weight proteins known as dress proteins 
in plant tissues such as LEAS and dehyrins. LEA 
proteins were first characterized in cotton as a set of 
proteins that are highly accumulated in the embryos at 
the late stage of seed development. Subsequently, many 
LEA proteins or their genes have been characterized 
from different plant species. LEA proteins were classified 
into three major groups based on their common amino 
acid sequence domains". The group 3 LEA proteins 
have been implicated in stress tolerance based on the 
correlation between LEA gene expression and accumu¬ 
lation of LEA proteins and tissue dehydration tolerance 
in dehydrated wheat seedlings'". In rice seedlings, the 
levels of group 2 LEA proteins and group 3 LEA 
proteins were higher in roots and induced by ABA and 
salt in salt-tolerant varieties compared to salt-sensitive 
varieties”. However, the functions of LEA protein and 
their physiological role are not known. The transgenic 
approach was adopted to investigate the function of the 
HVA 1 protein in stress protection’". They produced 
rice transgenics carrying HVA I, a group 3 LEA protein 
which expresses in barley aleurone and embryo during 
late seed development correlating with the seed desic¬ 
cation stage”. The transgenic rice plants exhibited con¬ 
stitutive high expression of HVA 1 protein ranging from 
0.3% to 2.5% and 0.3% to 1.0% of the total soluble 
protein in leaf and root respectively. The Rl progeny 
of three transgenic plants was used for evaluation of 
the growth performance under water deficit and salt 
stress treatment. The appearance and development of 
the major damage symptoms such as wilting, dying of 
old leaves and necrosis of young leaves caused by the 
stress conditions were delayed in the transgenic plants. 
On removal of stress treatments, the transgenic plants 
showed better recovery than did control plants. The 
better performance of Rl transgenic lines under stress 
conditions was correlated with higher level of HVA I 

CURRENT SCIENCE, VOL, 74, NO. 1, 10 JANUARY 1998 



GENERAL ARTICLES 


protein accumulation in their RO plants. The mechanism 
whereby LEA protein accumulation provided stress toler¬ 
ance has not been examined. In fact several cycles of 
drought stress treatment have been given before recording 
growth data which implies acclimation response. 

Mannitol 

Plants produce and accumulate osmotically active low- 
molecular weight compounds such as sugar, alcohols, 
proline and glycine betaine. Osmolytes may contribute 
towards osmotic adjustment besides providing protection 
to macromolecules such as enzymes and proteins from 
electrolytes and temperature. Transgenic tobacco plants 
were produced that synthesized and accumulated the 
sugar alcohol mannitol by introducing a bacterial gene 
mtL that encodes mannitol 1-phosphate dehydrogenase”. 
The mannitol overproducing tobacco exhibited an 
increased ability to tolerate high salinity in terms of 
maintenance of leaf and root growth. The mechanism 
whereby mannitol could provide salt tolerance is not 
known. Mannitol-containing seeds produced from trans¬ 
genic Arahidopsis thaliana overproducing mannitol 
exhibited enhanced germination under high salinity 
environment”. The mannitol present in the seeds was 
probably acting as a compatible solute. However, more 
work is needed to investigate the mechanism involved. 

Water stress proteins and heat shock proteins have 
also been identified in response to water stress and heat 
shock in higher plants”"”. Though the function of some 
of the genes encoding these proteins is being investigated, 
it is difficult immediately to predict whether the presence 
of these genes could impart resistance to water deficit 
and high temperature. 

The limitations in the studies on response of transgenics 
overproducing osmolytes or stress proteins to water 
deficit or salt stress are; i) The drought stress has not 
been quantified either as soil water deficit or in terms 
of plant water relations, ii) It is known that plant 
response to stress varies at the vegetative and the 
reproductive stage. The results obtained with vegetative 
plants may not be comparable to those obtained during 
seed development. Tobacco is not the best example of 
reproductive stage because it partitions only a small 
amount of current/reserve assimilates for seed develop¬ 
ment unlike grain crops. The drought score changes 
depending upon the grain yield capacity. The transgenics 
have been examined for drought and salt tolerance mostly 
during vegetative stage. More research is needed on the 
transgenics under various stress intensities at various 
growth stages. 

Molecular marker technology and drought 
resistance 

The development of molecular markers for use as probes 
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for genomic DNA has revolutionized the genetic analysis 
of crop plants and provided the geneticists, physiologists, 
agronomists and breeders with valuable new tools to 
identify traits of importance in improving resistance to 
abiotic stresses. The availability of a genetic map satu¬ 
rated with molecular markers allows a breeder to do 
selection for certain characters much more efficiently 
and effectively than was possible previously. Physiolo¬ 
gists have identified a few traits that should be beneficial 
in improving drought responses, such as osmotic ad¬ 
justment, water use efficiency and an efficient root 
system. Quantitative trait loci (QTL) for root charac¬ 
teristics have been identified in rice” and maize”. 
Osmotic adjustment helps to maintain shoot functioning^'-' 
and increased capacities for osmotic adjustment have 
been reported to improve yields in droughted plants^" 
though not always” ”. QTL analysis of osmotic adjust¬ 
ment in rice has been caiTied out recently. 

In maize anthesis-silking interval (ASI) has been iden¬ 
tified to be a major determinant of yield under drought 
conditions”. QTLs have been identified for the reduction 
of ASI under drought in maize” and it is argued that 
MAS based on ASI QTLs should be a powerful tool 
for improving drought tolerance of maize inbred lines. 
In order to improve yield under drought in common 
bean, a study was initiated” (i) to identify RAPD 
markers for yield performance both under moisture stress 
and nonstress conditions, (ii) to compare the MAS to 
conventional phenotypic selection for drought resistance 
and to determine if the identified markers are useful in 
population other than the one from which the markers 
were identified. The study was conducted with two 
recombinant inbred populations across eight locations 
under stress and nonstress conditions. The results indi¬ 
cated that RAPD markers were population specific. The 
MAS improved yield performance marginally under 
drought in one population where the conventional 
selection failed. In another population, the conventional 
selection was three times more superior than MAS. 
Hence there are several limitations in this approach and 
more studies are needed to show the effectiveness of 
MAS to improve yield under drought environments. 

Physiological analysis of yield under drought 
stress 

The yield of a plant and a crop depends on the deve¬ 
lopment of yield components (sink) and the availability 
of assimilates including carbohydrates, proteins, minerals, 
etc. A complementary relationship among them is 
essential for obtaining yield^*’. If the source is affected, 
when the ‘sink’ is being established, the size of the 
‘sink’ becomes poor, leading to low yield. Also, there 
is a close relation between the available water in soil 
profile in post-anthesis period and yield””. 
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There is a change in score in response to water deficit 
stress. This phenomenon was studied using male sterile 
and fertile lines of wheat and sorghum in pots and the 
field respectively^'^ With the decreasing available water 
and increasing water stress in the vegetative stage, there 
was a decline in leaf area and chlorophyll content 
(Figure 2). There was no difference between sterile and 
fertile lines. However, when the same lines were water 
stressed during the post-anthesis period, the fertile lines 
showed a sharper decrease in leaf area and chlorophyll 
content (Figure 3). Further studies in mung bean and 
cowpeas showed that the plants stressed in vegetative 



Figure 2. Effect of water stress on leaf area and chlorophyll content 

per plant in male fertile lines FP-83-44 (o—o) FP-83-33 (•_•) male 

sterile lines FP-83-40-2 (x—x) and FP-83-32 {□-□) of wheat at the 
seedling stage. Values ±SE for leaf 'P were as follows: FP-83- 
44:1.2+0.06; 1.7 + 0.09; 2.6+ 0-1 and 3.5 ±0.2 MPa, respectively. FP- 
83-40- 2:1.1 ±0.05; 1.5 ±0.03; 2.3 ±0.07 and 3.4 ±0 05 MPa 
respectively. FP-83-33: 1.15 ±0.05; 1.4± 0.1; 2.2± 0 1- 4 0102 MPa 
respectively. FP-83-32: 1.1510.05; 1.610.3; 2.010.2 and 3.710.4 
MPa, respectively. 



"““r leaf area and chlorophyll content 

line 

+ SE of leaf VI/ * during gram development. Values 

^ follows: FP-83-44: 1.610 2- 2 1 + 02' 

3 2 ^ 03 ’ respectively. FP-83-40-2: 1.6 10.2;’2.35 + 0 2* 

3.2 ± 0.3 and 4.5 ± 0.4 MPa, respectively. 
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Stage are capable of recovery cifter irrigatioi 
recovery is measured in terms of various traits 
water potential, photosynthesis rate, leaf area ai 
rophyll content'^""'^^. However, the same plant c 
recover if the stress is experienced during pod ( 
ment (Figures 4, 5 and 6). Thus drought- 
senescence, which is often seen in vegetative j 
accentuated and accelerated in a plant undergo! 
development^^ Why does such a change occui 
it imply that any selection for drought or abiotic 
in vegetative (seedlings/plantlets in tissue cultur 
will not express during grain development if tl 
experiences stress at that stage? How are the ire. 
plants with overexpression of proline, mannitol s; 
and others likely to respond? It is the actual 
mentation alone that will provide the answer t 
questions, but we can consider the sequence of 
which occur during the life cycle of a crop ph 
The vegetative phase establishes the plant by ir 
in root system, leaves and stem. They accumuh 
strates such as carbohydrates and proteins. Grei 
investment in root system, greater is the possib 




vegetative (.) and 7e“ 

cowpea. C (o~o). S (2D 3D Q 4D x 5D ITaP 
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exploring water and nutrients if the soil depth is adequate. 
The vegetative stage is followed by reproductive stage 
through flowering and seed set. This influences the 
intraplant competition and the development of seeds 
(reproductive sink) is preferred at the cost of other plant 
parts depending upon the nature of the plant-a dicot 
indeterminate (pulses and oilseed), a dicot determinate, 
a cereal with or without tillering. This competition 
usually results in decreased uptake of nutrients and 
mobilization of nitrogen and carbohydrates from leaves 
and stem to seed development. It is one of the major 
factors because of which male sterile plants show delayed 
senescence. However, the aerial parts committed to 
senescence possibly mobilize and transport reserves to 
roots. In perennial plants, this would help in survival. 
In plants developing seed, the supply of reduced nitrogen 
and carbohydrates is thus crucial. If nitrogen from 
chloroplasts (Rubisco) is mobilized, this would hasten 
senescence and hence the drought score. Would the 
plants having overproduction of proline or mannitol meet 
this requirement, particularly in case nitrate reductase 
activity is reduced”*^ and synthesis of reduced nitrogen 




Figure 5. Effect of water .stre.s.s and subsequent rewatering (i) during 
vegetative (a) and reproductive stage (i>) on photosynthesis rate in 
cowpea. Symbols are the same as in Figure 4. 
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declines? It would be more realistic to presume that 
change in one trait may not overcome stress effects and 
intraplant competition together leading a plant to be 
productive in respect of grains/seeds. In fact we need 
to distinguish clearly the metabolic functions at cellular 
level, growth, differentiation and yield. Recent studies 
on transgenic plants having overexpression of proline 
describe these chemicals as osmoprotectants, though it 
hardly contributes to osmotic potential in crop plants'*^-'"’’. 
Therefore, the term becomes untenable if not misleading. 
Proline and glycine-betaine have been referred to as 
compatible solutes, thereby suggesting that accumulation 
of these molecules is compatible to other cellular func¬ 
tions unlike being detrimental or toxic both during stress 
as well as in the recovery from stress''. Therefore, it is 
possible that accumulation of proline in higher plants 
may help in maintenance or in recovery of cellular 
functions, particularly of some enzymes such as malate 
dehydrogenase, and others. However, it would be un¬ 
realistic to relate it to grain yield in a crop, though it 
might be important in survival during stress and recovery 
on alleviation of stress. This could be assessed from 



Figure 6. Effect of water .stress and subsequent rewatering (f) during 
vegetative (a) and reproductive stage (b) on chlorophyll content in 
cowpea. 
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the data on the number of flowers and seeds in transgenic 
tobacco which do not partition a substantial amount of 
substrates or reserves from leaves and stem to seed 
production. The latter have a small demand because of 
their size and weight. Interestingly^^ no data on dry 
matter or seed weight was given for transgenic tobacco 
overproducing proline. Therefore, it is difficult to evaluate 
such results. It is, therefore, reasonable to infer that the 
model systems such as tobacco are good for assessing 
the importance of some traits such as insect or pest- 
resistance, but not for such responses which involve 
intraplant competition at different stages of growth, 
development and grain development. 

Alternative approach 

Biotechnology is a powerful tool and in the long run 
will have a strong impact on agriculture including grain 



O'->-1-1 

850 950 1050 1150 

Environmental Index 


Figure 7. Biomass vs environmental index in wheat varieties and 
rainfed selections, o, C306; A, Kundan; V, HD2329; □, RS635 and 
RS640. 



Figure 8. Grain yield vs environmental index in wheat varieties and 
rainfed selections. Symbols are the same as in Figure 7. 
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crops. The present status of biotechnology in the areas 
such as stress resistance is rather modest. Therefore, it 
is difficult to foresee abiotic stress-resistant transgeneics 
in the next five to ten years growing in farmers’ fields 
anywhere in the world. This is particularly true of 
drought-resistant and temperature-resistant crops. And 
yet the population of the developing countries including 
India would grow, and with that the demand for food 
grains would grow. Therefore, some of the simple field- 
based approaches might help in the near future. 


Delayed flag leaf senescence in wheat 

Several studies in the past have shown that the flag 
leaf in wheat is a major contributor to grain develop- 
ment'^^ Therefore, the selection proceeded to identify 
genotypes which had almost erect flag leaf enabling 
photosynthesis for a longer duration'^^‘'^‘'^. Similar efforts 
succeeded in rice. Consequently, the modern varieties 
of rice have medium erect flag leaf emerging out of 
the crop canopy. However, in rainfed conditions no such 
effort was made. Furthermore, as the grain development 
commences, there is in fact decline in flag leaf area 
coupled with leaf senescence^^^’^'. There are a larger 
number of genotypes evaluated every year in All-India 
coordinated trials but there is usually no evaluation of 
individual traits except year and grain weight. 

A few genotypes having delayed flag leaf senescence 
were selected in 1991-92, and multiplied for evaluation 
in a range of water availability created through the 
line-source irrigation system^^. The results of two seasons 
of grain yield and biomass accumulation at four levels 
of water availability are given in Figures 7, 8 and Table 
2. It appears that a trait such as delayed senescence of 
the flag leaf could be advantageous under field conditions. 
However, we do not know much about the genetics of 
flag leaf size or delayed senescence. We also do not 
know much about the stability of these traits. This is 
only one instance but eventually we need to split yield 
into different morphological components. For example, 
the importance of seed germination at different levels 
of soil moisture (soil water potential or matrix potential) 
needs to be associated with tillering or branching and 
vegetative biomass. Do these traits have a genetic control, 


Table 2. Stability index of grain yield and 
biomass production of wheat cultivars and rain¬ 
fed selections in drought stress environments 


Variety 

Yield 

Biomass 

C306 

0.90 

1.12 

Kundan 

1.46 

0.77 

HD2329 

2.25 

1.36 

RS635 

-0.04 

1.04 

RS640 

0.61 

1.15 
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and what is their stability and genetic variability? The 
assimilate availability at the time of differentiation (spike 
differentiation and development of flower and bud) is 
essential for the development of yield components. Sub¬ 
sequently, the stability of flower buds (including 
spikelets) and the fertility of pollen becomes necessary. 
This is followed by a complementary relationship between 
‘source’ and ‘reproductive sink’ to achieve a higher 
level of productivity as in heterotic hybrids^^ This 
amounts to saying that there is a need to put together 
building blocks to achieve the objectives of yield in an 
environment of abiotic stresses. The processes such as 
osmoregulation are important but under field conditions 
are not stable^^. This is because there is no stability of 
environment in different crop seasons. It would thus be 
important to establish relationship between the stability 
of processes and the stability of morphological traits 
contributing to yield components and yield. 

Limitations of the present approaches of plant 
breeding 

There are some general perceptions of drought-resistant 
genotypes, though often such genotypes are low or 
moderate in yield. There is hardly any basis of selection 
in F2 or F3, but subsequently some lines are identified 
which appear promising. They are tested at different 
locations. This has been done more specifically in wheat. 
The evaluations of rice cultures in upland represent 
selection for drought tolerance. There are no such directed 
efforts in pulses, oilseeds and coarse cereals. In any 
case, the environment is not defined in terms of rainfall, 
soil moisture, temperature and vapour pressure deficit. 
Consequently, the performance of the same genotype 
varies year after year. Since drought and temperature 
alone and in combination lead to location specificity, it 
is unlikely to obtain genotypes with wide-adaptability 
as observed in irrigated environments. Therefore, any 
effort to average out the results of trials of a region 
may not be the best evaluation. However, it is possible 
that a wider adaptability for phenology with adjustment 
to environmental responses may be achievable. The 
check itself varies year after year. Therefore, appropriate 
models could be used to predict the maximum yield 
potential at a location in a given year. This should 
serve as a reference for comparing the varieties. 

Conclusions 

Biotechnology has the potential for being effective in 
improving crops for various traits. However, the dynamic 
nature of environment as well as plants imposes limi¬ 
tations for achieving drought and temperature resistance 
through biotechnology in field crops. This may not 
happen even in a 5-10 year period. In the meantime, 
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identification of traits for different phenological stages 
and those contributing to yield, need to be pursued for 
pyramiding traits through conventional means. 
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MEETINGS/SYMPOSIA/SEMINARS 


National Symposium on AIDS 

Date: 26-28 Februaiy 1998 
Place: Dehra Dun 

Objectives of the symposium: To bring mass awareness among 
general public, especially vulnerable groups, about HIV/AIDS; 
To provide better medical and health care facilities for AEDS 
patients; To counsel HIV-affected patients; To exploit media 
for AIDS education; To train human resources for the deve¬ 
lopment of foolproof diagnosis and treatment of AIDS; To 
promote research for drug development and non-institutional 
care for AIDS patients; To develop a system for narrowing the 
gap between government and private agencies involved in 
prevention and control of AIDS. 

Contact: Dr Anil Kumar Puniya 

Convener, National Symposium on AIDS 

Department of Microbiology 

S. Bhagwan Singh PG Institute of Biomedical 

Sciences and Research 

Balawala, Dehra Dun 248 161 

Tel: 0135-686246 


Diveraly of Social Insects and other Arthropods and the 
Functioning of £cosystems 

Date: 7-9 March 1998 
Place: Mudigere 

The congress is intended to discuss the following topics: 
Measuring and monitoring insect diversity; conceptual and 
empirical issues; Diversity and community structure of arthropods 
~soci^ insects as a component of insect diversity; Role of 
social insects in ecosystem functioning (as pollinators, predators, 
scavengers, soil-builders etc.); Social insects and productivity 
of terrestrial ecosystems; Evolutionary ecology of social behav¬ 
iour in relation to ecological diversity; Anthropogenic pressures 
on arthropod diversity and functioning of ecosystems; Conser¬ 
vation of social insects and other arthropods: assessing status 
and developing strategies. A discussion meeting on ‘Development 
and linkages of databases on insect diversity* will also be held. 
Abstracts in Current Science format not exceeding 300 words 
could be submitted in type or electronic form to the organisers 
at Mudigere before 30 January 1998. 

Contact: Dr V. V. Belavadi 

Department of Entomology 
College of Horticulture 
RRS, Mudigere 577 132 
Fax: 08263-20918 or 08263-20704 
E-mail: vvb(®uasmud.kar.nic.in 
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Potential applications of antisense RNA 
technology in plants 


Ratna Kumria, Rashmi Verma and Manchikatla Venkat Rajam* 

Plant Genetic Manipulation Group, Department of Genetic.s, University of Delhi, South Campus, Benito Juarez Road, New Delhi 110 021, India 


The antisense RNA technology involves the cloning of 
a particular gene in reverse orientation vfith respect 
to the promoter, such that the coding strand acts as 
template strand and vice versa. The antisense gene 
when transcribed gives rise to RNA which is comple¬ 
mentary to sense mRNA, thus inhibiting the target 
gene expression by forming RNA duplex which is 
unstable. Besides, antisense oligonucleotides can also 
be administered exogenously to manipulate the expres¬ 
sion of a particular gene. The concept of involvement 
of antisense RNA in gene regulation in natural systems 
is not new, however, recently only the antisense 
strategies have been used both in plant and animal 
systems for ascertaining gene function, manipulation 
of gene expression and in therapies. Though many 
potential applications of this technology have been put 
forward, several questions still remain unanswered, 
especially the stability and mechanism of action of 
antisense RNA and the relationship between the levels 
of inhibition and concentration of antisense RNA. The 
current status, including potential applications of this 
emerging field in plants is briefly reviewed here. 


The study of genetics for identifying a gene and its 
function traditionally involves the use of naturally 
occurring or experimentally induced mutants. This has 
certain disadvantages as any gene may be mutated and 
identification of a mutant gene can be tedious. Besides, 
it cannot be ascertained whether the mutant phenotype 
is the result of mutation in a particular gene. This 
particular disadvantage has been overcome by the tech¬ 
nique of site-directed mutagenesis, yet in cases where 
mutation in a particular gene is lethal or a particular 
gene is present in multiple copies, the generation of 
mutants is futile. 

In cases where a gene has been identified and assigned 
a particular phenotype, additional approaches are often 
required to exactly probe the function of gene. 

Such hurdles in gene identification and manipulation 
can be overcome by antisense RNA technology. It 
involves the cloning of a gene in reverse orientation 
with respect to the promoter such that the coding strand 
acts as a template and the sequence of mRNA is the 
same as the opposite strand or the coding ‘sense’ strand. 
The gene cloned in reverse orientation or the antisense 

*For corre.spondence. 
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gene when transcribed gives rise to mRNA having the 
sequence complementary to the sense mRNA. The RNA- 
RNA binding of the sense-antisense RNA strands leads 
to inhibition of sense mRNA expression (Figure 1). 
Besides antisense RNA, sequence complementary to sense 
mRNA can also be administered exogenously to be able 
to manipulate gene expression. The antisense oligo¬ 
nucleotides bind to complementary mRNA and prevent 
its transport to cytoplasm or translation into protein. 
DNA-RNA hybrid serves as substrate for ribonuclease 
RNAase-H which specifically degrades RNA strand in 
a DNA-RNA hybrid. 

The first effort that definitely demonstrated the block¬ 
age in translation due to the use of antisense RNA in 
cell-free extracts (CFEs) was carried out by Singer et 
al\ They showed that synthesis of polyphenylalanine 
in CFE with polyuridylic acid as template was completely 
inhibited when polyadenylic acid was added to the 
translation mixture. 

This article briefly describes the basic and applied 
aspects of antisense RNA technology, particularly in 
plant systems. 

Natural antisense RNA regulation of gene 
expression 

Naturally occurring antisense RNA was involved in gene 


Gene 

NUCLEUS 

Antisense gene 

mRNA 


Antisense RNA 


Duplex 

A^Aa^ 

^***‘***'*^. 





CYTOPLASM mRNA antisense RNA 
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Figure 1. Proposed mechanisms of action of antisense RNA. 
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regulation and this was demonstrated during the study 
of replication in E. coll ColEl plasmid. The replication 
of E, coli plasmid ColEl involves formation of a RNA 
primer which is processed by RNAase-H while bound 
to the DNA template. Antisense RNA binds the primer 
inhibiting the processing of RNA primer and replication 
of the plasmid, hence the plasmid copy number may 
be regulatedl Likewise, Staphylococcus aureus plasmid 
(pTlSl) replication and copy number appear to be 
controlled by antisense RNA*^. Translation of E. coli 
TnlO transposase mRNA is inhibited by antisense mRNA. 
Besides prokaryotes, in eukaryotes antisense RNA is 
involved in splicing of H-RNA as it involves small 
nuclear ribonucleoproteins which have a RNA component 
complementary to the splice site^’‘\ Antisense small 
nucleolar RNAs encoded by introns have also been 
reported to play a role in rRNA methylation^’. 

Naturally occurring antisense RNAs are known to 
regulate gene expression in plants too. These include 
antisense RNA transcripts to barley a-amylase mRNA^, 
antisense mRNA complementary to niv gene encoding 
foi enzyme ot flavanoid pathway, chalcone synthase 
(CHS) . Rogeis identified two antisense transcripts in 
barley, both were imperfectly complementary to a- 
amylase gene whereas in case ot niv gene, antisense 
tianscripts arose due to an inverted duplication of un¬ 
translated leader sequences. Therefore a tentative mecha¬ 
nism has been proposed for the generation of antisense 
transcripts, antisense RNA arises when transcription of 
a gene proceeds in the strand opposite to template in 
absence of a strong transcription termination site in the 
short intergenic region^ Antisense transcripts have also 
been identified in Brassica for the S locus receptor 
kinase gene which controls self-incompatibility in Bras~ 
ska . In case of animal systems, naturally occurring 
antisense RNA has been reported in mice and Xenopus 
oocytes^" In Xenopus oocytes antisense RNA binds to 


fibroblast growth factor RNA and thus causes degradation 
of the target mRNA. Antisense RNA to myelin basic 
protein (MBP) gene causes severe reduction in MBP 
leading to characteristic shiverer phenotype' 

The effectiveness and the exact regulatory role of 
naturally occurring antisense RNA can be determined 
only on the isolation of the antisense gene and whether 
the antisense RNA exist in a cell simultaneously with 
the sense mRNA. The transcription of the antisense 
gene would play a major role in regulating the amount 
ot antisense RNA and further the expression of the 
gene, complementary to antisense RNA. 

The legulation by antisense RNA involves certain 
basic mechanisms, on the basis of which they have been 
classified into three classes'I 

Class I — antisense RNAs are directly complementary to 
coding region or the SD sequence, resulting in direct 
inhibition of translation or mRNA destabilization. 

Class II - RNAs include those that bind to non-coding 
regions of the target RNA, resulting in indirect effects 
produced by, e.g. alternative secondary structure forma¬ 
tion that sequesters the ribosome-binding site. 

Class III — antisense RNAs regulate transcription of the 
target mRNA by a mechanism similar to transcriptional 
attenuation. 

Artificial antisense RNA regulation of gene 
expression 

Antisense RNA has also been used to artificially modulate 
gene expression in plants and animals. Earlier model 
systems for the study of effectiveness of antisense RNA 
used circular plasmids carrying antisense gene which 
were either coinjected with the sense gene or the target 
gene would be a stably expressing one in the cultured 
cells (e.g. mouse cell lines and carrot protoplasts). To 
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determine the optimum requirements for an efficient 
antisense RNA regulation varied lengths as well as 
regions of the sense gene /3-galactosidase were targeted 
Such experiments led to certain general conclusions: 

- The antisense RNA must be complementary to 5' end 
of sense mRNA and a functional ribosome-binding 
site on the 5' end"*. 

- A significant correlation exists between, the concen¬ 
tration of antisense RNA and sense mRNA. To produce 
maximum inhibition the molar ratios between antisense 
RNA and the sense mRNA vary from 50: 1 to 
600:1. It was 150:1 in case of inhibition of ft- 
galactosidase synthesisAlthough there exist exam¬ 
ples where significant inhibition is produced with 
molai* ratio of 1 : 1 between sense RNA and antisense 
RNA, there is competition between ribosome and 
antisense RNA for binding to the ribosome-binding 
site of sense mRNA. Hence the factors that contribute 
to the increase in concentration of antisense RNA 
help in producing stronger inhibition 

- The factors that increase the rate of synthesis of 
antisense RNA as well as increase the half-life con¬ 
tribute towards the effectiveness of antisense RNA. 
Thus the promoter for antisense gene should be a 
strong one or antisense gene should be present in 
high copy number plasmid for high concentration of 
the antisense RNA. The length of antisense RNA and 
its configuration influence the stability and hence the 
effectiveness of the RNA'^ 


Mode of action of antisense RNA 

The study of natural antisense regulation as well as 
artificial antisense inhibition does not point towards the 
existence of any single mechanism of gene inactivation. 
Several modes of'action are suggested by the evidences 
accumulated. The first stage at which a target gene can 
be inhibited is transcription but as yet no evidence has 
been brought to light which supports inhibition of tran¬ 
scription as the rate of transcription of both sense and 
antisense genes is unaffected by the expression of 
antisense gene'^ The second stage where antisense tran¬ 
script can interfere is the RNA-processing stage, it was 
shown by Tieman et ciL'^ that when the two introns in 
pectin methylesterase gene were placed in antisense 
orientation, they were not spliced out. The formation 
of a duplex between antisense and sense transcripts is 
a factor contributing to inhibition, it has been hypothe¬ 
sized that a RNA-RNA duplex is unstable and susceptible 
to nucleases but no direct evidence for duplex formation 
has been found perhaps due to degradation of the 
duplex"'*. Therefore the formation of such a duplex would 
hinder the processing or transport of the sense mRNA 
across the nuclear membrane or would lead to degradation 
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of antisense-sense duplex by nucleases making the sense 
transcript unavailable for translation 
Inhibition may also occur at the translational stage. 
The antisense transcript would compete with the ribo¬ 
somes to bind 5' end of the sense RNA, hence inhibiting 
the translation. It has been observed by Pestka et 
that if the antisense RNA is not complementary to the 
5' end of mRNA, then the extent of inhibition is 
significantly reduced though a lower but significant level 
of inhibition remains; this shows that antisense RNA- 
mRNA duplex formation occurs but the ribosome which 
binds the 5' end is capable of stripping the antisense 
RNA. Thus once the ribosome binds to mRNA, mRNA- 
antisense RNA duplex formation is greatly reduced and 
so is the inhibition'‘\ 

Factors influencing antisense RNA regulation 
of gene expression 

While making antisense constructs for specifically regu¬ 
lating the expression of a particular gene, certain factors 
have to be taken into account. The presence of antisense 
transcript much in excess of target mRNA is a pre¬ 
requisite for effective inhibition, therefore the choice of 
promoter is important. Cauliflower mosaic virus (CaMV) 
35S RNA promoter is a constitutive one and is the 
most widely used one. Other commonly used promoters 
include nopaline synthase promoter, chlorophyll a/h- 
binding protein gene promoter, and CHS gene promoter. 
Identical promoters and terminators may be employed 
for both sense and antisense constructs but usually an 
excess of antisense transcripts is required, thus antisense 
gene is cloned along with constitutive promoters^**. Some 
workers have utilized tissue-specific promoters for anti- 
sense regulation of a particular function in a specific 
tissue. Van der Meer et alr^ have used modified CaMV 
35S RNA promoter for expression of antisense CHS 
gene in anthers. The inhibition of pigment synthesis in 
anthers led to male sterility showing a definitive role 
of flavanoids in male gametophyte development. Also 
the use of polymerase III promoters provides an advan¬ 
tage over polymerase II promoters as polymerase III 
transcripts are not capped and polyadenylated and are 
short in length. Such transcripts are thus more specific 
and accessible to bind to target sequences. Aiming to 
increase the stability and hence half-life of the antisense 
transcripts, Bourque and Folk"^ fused the methionine 
tRNA from soyabean to CAT gene and observed five-fold 
higher inhibition. 

Since the formation of duplex of sense and antisense 
transcripts is the critical step for inhibition, the degree 
of homology and homology in certain specific regions 
is important. Though some heterogeneity is tolerated, 
e.g. starch synthase antisense gene from cassava could 
suppress the starch synthase in potato‘^ antisense apple 
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ACC oxidase has been reported to inhibit ethylene 
production in tomato^^ yet low inhibition is seen in 
cases where degree of homology is low. Transgenic 
tobacco plants carrying antisense gene for tomato ACC 
oxidase showed variable inhibition in different parts and 
physiological states; this may be due to varying degree 
of homology or fluctuations in different tissues^^ 

The insertion of gene during transformation is quite 
random, even the number of copies varies. The position 
of insert is quite important for its expression as varying 
degrees of inhibition is seen in different transformants 
having single gene insertions. The copy number of gene 
may or may not increase the inhibition. In case of 
inhibition of polygalacturonase enzyme, single copy 
insertion produced 50-95% inhibition depending on the 
site of insertion. However, two copies of antisense gene 
produced 99% inhibition^^ 

Antisense oligonucleotides 

Transient inhibition of a specific gene expression can 
be achieved by using antisense oligonucleotides, which 
are short (14—18 bases) DNA molecules complementary 
to the 5' leader sequence or 3' end of mRNA. In cases 
where oligonucleotide is complementary to the coding 
sequence, the 5'-fragment can be translated to generate 
a truncated polypeptide. The binding of antisense deoxy 
oligonucleotide and target mRNA leads to formation of 
a DNA—RNA duplex which is unstable and is recognized 
by RNAase-H which selectively degrades the RNA strand 
in a DNA-RNA duplex, thus inhibiting translation. In 
case of blockcige of RNAase-H activity, oligonucleotide 
directed to cap sites can only inhibit translation as it 
inhibits binding of 40S subunit of ribosome^^ 

Another class of oligonucleotides exists which are 
called the code blockers or triplex-forming oligonu- 
cleotides^^ these bind in the major groove of DNA 
target sequence, thus inhibiting transcription. They can 
either inhibit the binding of transcription factors by 
binding upstream to the coding region or can inhibit 
movement of RNA polymerase. Triplex formation 
requires the target site to have a homopurine or 
homopyrimidine sequences and third strand binds by 
hoogsteen base pairing, triplex strategy though is quite 
effective, especially in case of actively transcribing genes, 
yet it has its disadvantages like the requirement of a 
homopurine/homopyrimidine target sequence and further 
the problem of triplex instability under physiological 
conditions'^ 

The effectiveness of oligonucleotides depends on 
several factors like position of target site against which 
they are directed, length of the oligonucleotide and 
further the presence or absence of secondary structure 
at the^ binding site. Stability of oligonucleotide is very 
essential for effective inhibition, and thus in case of 
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unmodified oligonucleotides poor uptake and nuclease 
degradation were the limiting factors. Therefore various 
types of modifications have been developed which 
render the oligonucleotide resistant to nucleases. The 
modifications are either of the phosphate backbone 
(e.g. methylphosphonates, phosphorothioates, and phos- 
phoroselonates)"'^ or the oligomer ends may be modified 
(a-oligo decarboxynucleotide). 

The oligomers can be coupled with intercalating agents 
and reactive metal agents like EDTA-Fe, phenanthroline- 
Cu, etc. Synthetic polymers like PAM AM dendrimers 
have also been investigated to function as delivery 
system for targeted gene modulations^ Novel methyl 
phosphonate oligonucleotides have been designed which 
have an internal non-nucleotide based linker moiety due 
to which the complementary unpaired base of RNA 
becomes sensitive to cleavage, hence site-specific cleav¬ 
age of target RNA is possible^'. Besides stability of the 
oligonucleotide, another critical factor remains, which 
is the cellular uptake of oligonucleotides. Oligo-nu- 
cleotides are taken up by endocytosis and achieving 
high concentrations within the cell is not plausible, 
hence various methods have been developed to improve 
cellular uptake. It has been reported that oligonucleotides 
conjugated with polyaminolipids like spermidine- 
cholesterol or spermine-cholesterol showed better cellular 
uptake compared with oligonucleotides alone^l C-5 
propynyl pyriraidine-2'-deoxyphosphorothioate modified 
oligonucleotides have been checked for their potency in 
HeLa cell line and it was found that 11 bp oligonucleotide 
with modification has 66% of potency of parent 15 bp 
unmodified oligonucleotide. Though mismatches 
decreased the potency, expression level of target gene 
had no effect on their potency^^ The specificity and 
easy uptake of oligonucleotides and their derivatives 
conjugated to carrier molecules presents a very promising 
future for antisense oligonucleotide technology in the 
field of therapeutics. As a matter of fact, oligonucleotides 
have been tested against a nurnber of viruses in infected 
animal cells^'^*^^ and they have a good potential as 
anti vital agents and also in cancer therapy. But in case 
of therapeutics many aspects have yet to be studied like 
cellulai uptake, specificity of binding, general effects 
on growth and long-term effects before their use as 
novel drugs. 


Applications of antisense RNA technology 

Antisense strategies have been applied to plant systems 
as well as animal systems not only for production of 
novel mutants but also for studying the steps involved 
in paiticular metabolic pathways, identifying gene func¬ 
tion, plant development, crop improvement and other 
novel uses. 

Antisense RNA provides an opening in the study of 
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regulation of vital genes, as an antisense inhibition can 
be taken to be a leaky mutation which would be useful 
in studying genes, mutations in which are lethal and 
their partial inhibition also leads to a significant change 
in phenotype. Such partial inhibition was used to create 
a tobacco mutant deficient in NADH-hydroxypyruvate 
reductase to study the role of photorespiration in stress 
protections^ Besides unravelling the vital gene functions, 
antisense RNA inhibition has been used to observe 
various steps in metabolic pathways. Majeau et al?'' 
modified the activity of carbonic anhydrase which had 
no significant impact on CO^ assimilation but it brought 
forward the effect of decline in carbonic anhydrase 
activity on stomatal conductance and susceptibility to 
water stress. 

Antisense mutants of tobacco with drastic decrease in 
Rubisco content resulted in low photosynthetic rate; 
however, the leaf development was normal and inde¬ 
pendent of Rubisco content though leaf development 
was delayed’*. The biochemical target of various herbi¬ 
cides is acetolactate synthase, and this was confirmed 
by raising transgenic potato plants expressing antisense 
acetolactate synthase which were inviable without amino 
acid supplementation, thus an in vivo model for herbicide 
action was put forward’'-'. 

Similarly, the effect of ethylene on shoot morpho¬ 
genesis was studied via the production of transgenic 
mustard plants expressing antisense 1-aminocyclo- 
propane-1-carboxylic acid (ACC) oxidase gene, and such 
plants showed marked increase in regeneration potential 
and corresponding decrease in ethylene production'"’. 
Cotton fibre protein genes have also been characterized 
using antisense RNA inhibition of a particular gene*". 
Antisense inhibition has been utilized to work out the 
role of lipoxygenase (LOX) in lentil protoplast by the 
introduction of antisense LOX gene'”. 

The antisense RNA technology has formed the basis 
for elucidating the flavanoid biosynthetic pathway, and 
as a matter of fact, CHS gene was the first endogenous 
gene targeted by antisense RNA in plants. Antisense 
CHS petunia plants produced flowers with pale corolla 
pigmentation but the steady state levels of mRNA of 
other flavanoid-specific genes were not afl'ected'”. S- 
adenosylmethionine (SAM) is a common precursor for 
both ethylene biosynthesis as well as biosynthesis of 
polyamines (spermine and spermidine), and the antisense 
inhibition of SAM decarboxylase gene expression in 
potato transgenic plants provided a molecular approach 
to study the effect of manipulation of polyamine levels 
on growth and development'"'. The potato plants 
expressing the antisense SAM decarboxylase gene con- 
stitutively showed aberrant phenotypes due to the 
depletion of cellular polyamines and elevated levels of 
ethylene'*''. Further, potato transgenics were also produced 
with SAM decarboxylase antisense gene driven by an 
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tetracycline-inducible promoter, and these transgenics 
provide an opportunity for further investigations into 
the inter-relationship between polyamine and ethylene 
metabolic pathways. Other than elucidating the steps of 
metabolic pathways, antisense RNA inhibition has found 
its use in identification of gene function as in case of 
a ripening gene (pTOM5), which was found to be a 
part of carotenoid pathway''’. Another ripening-related 
pne of tomato (pTOM13) was found to be involved 
in ethylene synthesis and thus may be a part of 
ACC-oxidase system involved in conversion of ACC to 
ethylene''’. Arabidopsis expressing antisense RNA against 
ankyrin repeat (AKR) containing gene indicated the 
involvement of AKR gene in regulation of chloroplast 
differentiation'”. Antisense repression of nuclear encoded 
NADH-binding subunit of mitochondrial respiratory chain 
complex-I in potato plants led to normal vegetative 
growth but reduced male fertility which might be due 
to insufficient mitochondrial respiratory chain'"'. Simi¬ 
larly, the function of cytosolic phosphorylase was in¬ 
vestigated in transgenic potato plants expressing antisense 
cytosolic phosphorylase, the tuber produced more shoots 
and transgenics flowered earlier than the wild plants'''-’. 

Transgenic Flaveria bidentis plants with antisense 
rubisco gene were used to study the relationship between 
CO, assimilation and rubisco content in C,^ plants and 
it was observed that the inhibition of rubisco led to 
increase in CO^ concentration and its leakage in 
bundlesheath’". The importance of peptide transport gene 
AtPTR2-B from Arabidopsis was evaluated by producing 
tiansgenic with antisense AtPTR2-B gene, the transgenics 
had altered phenotype, delayed flowering and no seed 
set, suggesting a major role of the gene in growth and 
development”. Other examples of the antisense RNA 
technology being utilized for elucidating gene functions 
include the transgenic tobacco-expressing antisense 
ascorbate peroxidase (APX) gene leading to increased 
susceptibility of transgenics to ozone injury, suggesting 
the major role of APX in oxidative stress tolerance’^. 
Antisense inhibition of biotin carboxylase gene in tobacco 
led to severe retardation of growth, reinforcing the 
importance of biotin for plant growth”. 

The antisense RNA technology has also been used 
for crop improvement, besides being used to gain know¬ 
ledge in the basics of plant development. The technology 
has been used in modifying seed oil composition of 
Brassica seed oil’'*. The desaturase enzyme gene was 
inhibited, leading to production of seeds with 
high-stearate oil content without there being any decrease 
in the seed lipid content. 

Altering of lignin composition in tobacco by inhibiting 
lignin biosynthetic enzymes led to a significant decrease 
in syringyl and appearance of 5-hydroxyguaiacyl units, 
thus opening new avenues in lignin manipulation and 
its potential benefits”. Antisense RNA inhibition of 
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chitinase gene expression has resulted in increased fungal 
disease susceptibility in Arabidopsls plants, elucidating 
some role of chitinases in plant protection^^ Poly¬ 
galacturonase (PG) plays a major role in tomato fruit 
development as it is involved in ceil wall degradation 
and fruit softening, and transgenic tomato plants con- 
stitutively expressing antisense PG gene were pro- 
duced^'^’^*^ and were found to have a longer shelf life 
compared to normal tomatoes though the red pigment 
(lycopene) accumulation and morphology of the trans¬ 
formed fruits was not disturbed‘s In fact, these transgenic 
tomatoes (marketed as ‘Flavr Slavr’ by Calgene, USA) 
were the first of the transgenics commercialized in USA. 
Ethylene plays a major role in ripening of fruits. Trans¬ 
genic cantaloupe melon plants expressing antisense ACC 
oxidase gene showed blockage of fruit ripening both on 
and off the vine, though the antisense effect could be 
reversed by exogenous ethylene treatment^^^. 

Antisense RNA has also been used to confer resistance 
to viral plant infections. Transgenic potato plants ex¬ 
pressing antisense RNA to potato leaf roll luteovirus 
(PLRV) coat protein were resistant to the infection^^^. 
Stanley et produced transgenic cassava-resistant to 
cassava latent virus (CLV) by introducing a tandem 
repeat of subgenomic DNA B of CLV. Transgenic 
Nicotiana benthaniana plants expressing antisense Cl 
gene (which encodes for Rep protein) of tomato yellow 
leaf curl virus (TYLCV) were found to be resistant to 
TYLCV infection^'', thus tomato transgenics may be 
produced which would be resistant to TYLCV, a major 
disease in tomato. 

The antisense RNA technology has recently been 
reported to generate Hsp70 mutant in A. thaliana and 
this brought forward the protective role of Hsp70 in 
thermotolerance and a regulatory effect on heat shock 
transcription factors leading to autoregulation of the heat 
shock response^l 

The role of phenylalanine ammonia-lyase (PAL), which 
is the first enzyme in the phenyl propanoid biosynthetic 
pathway in microspore development, has been studied 
using antisense PAL cDNA under the control of rice 
tapetum specific promoter in tobacco, and it has been 
demonstrated that PAL activity in anthers is essential 
for microspore developmental The antisense gene strategy 
has been applied to inhibit the expression of an allergen 
gene during seed maturation in rice, and inhibition 
persisted in the progeny of the transformed plants^'^. 

Antisense oligonucleotides have tremendous applica¬ 
tions especially in animal systems. As in the case of 
plants, antisense oligonucleotides have been used in the 
study of gene function in animal systems, e.g. inter¬ 
relationship between morphin analgesia and G-protein 
was elucidated by using G-protein a-subunit antisense 
oligonucleotides^^. Weisinger et used antisense 

inhibition of a neuro-peptide gene to elucidate its role 


Table 1. Various potential applications of antisense RNA 
technology 


- Production of mutants with leaky mutations in various systems 

- Study of promoter specificity, transcriptional and translational control 
~ Elucidation of various steps in metabolic pathways 

~ Study of interactions between various metabolic pathways 

- Production of fruits with delayed ripening 

- Production of flowers with altered pigmentation 

- Alteration of components of seed oils 

- Control of viral and fungal infections in various systems 

- Inhibition of tumour growth in animal systems 


in cell growth in other systems, besides nervous system. 
Antisense oligonucleotides have been extensively utilized 
in control of viral infections. Anazodo et al.^^ used 
antisense oligonucleotides complementary to 5-LTR of 
viral genome for the protection of cells against HIV-1 
infections. Besides viral infections, antisense oligo¬ 
nucleotides have been used, both in vitro and in vivo, 
in murine systems to inhibit oncogene expression^l 
Antisense RNA has also been used to study murine cell 
differentiation regulated by p53 gene^’^l 

Besides viral infection control and cancer therapy, 
oligonucleotides are expected to prove useful in the 
treatment of autoimmune, endocrinological, neurological 
diseases and bacterial infections’”. Though most of such 
studies were performed in vitro, preliminary toxicity 
studies have been carried out in mice and rats. Phos- 
phorothioate oligonucleotides were found in all organs 
even after 48 h of administration, pharmacokinetics of 
oligonucleotides is related to phosphate backbone and 
can be modulated by using carriers such as liposomes. 
Though dosage studies on animal systems are on, the 
long-term toxicity of oligonucleotides, including immune 
reactions, mutagenicity and possible incorporation into 
genome has to be evaluated before their use in thera¬ 
peutics’”. 

The antisense RNA technology has certain basic 
lacunae which need to be overcome before its full 
potential is exploited. Firstly, there seems to be no 
single universal mechanism of antisense action, each 
system has to be studied independently for its mechanistic 
aspects of inhibition. The degree of inhibition is quite 
variable even when single copy of antisense gene is 
present, this aspect needs to be studied further in cor¬ 
relation with copy number and positional effect on the 
antisense gene expression. Besides these, the long-term 
effects of expression of antisense gene or dosage of 
antisense oligonucleotides, their degradation and effects 
of non-specific binding need to be investigated. 

In conclusion, the antisense RNA technology holds 
promise both for the plant systems as well as the animal 
systems but before its extensive use, the basics of the 
technology have to be elucidated and the technology 
accordingly modulated so that it may be exploited to 
its full potential. 
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High altitudinal soils (Entisols and Ultisols) on different 
landscapes in Arunachal Pradesh were studied with 
respect to soil formation vzs-d-vw soil erosion. The 
degradation of soils has been indicated using mainly 
the soil parameters with some site characteristics. The 
study indicates that the effect of soil development and 
its accumulation is obliterated by severe soil erosion, 
causing the formation of Entisols which are degraded 
under the present day situations. On the other hand, 
huge clay illuviation in the soils (Ultisols) indicates a 
relatively stable landscapes in the lower elevations. 
These Ultisols are also under rapid degradation process 
as indicated by the truncation of the upper layers. In 
the dominantly erosional landscape of the northeastern 
region of India, the series of ridges, valleys, terraces 
and scarps are the results of such differential erosions 
causing different degrees of degradation. Need for soil 
study to determine degradation and landscape stability 
is essential. 


The methods of soil degradation studies' indicate that 
areas mostly under forest vegetation should be considered 
as a stable terrain. Such inference on stability of land¬ 
scapes, which has been further supported by others^, 
only by examining the vegetation, appears to be mis¬ 
leading since degradation vis-a-vis stability of a landscape 
may not be easily comprehended in view of constant 
human intervention and neotectonics which are common 
in Arunachal Pradesh. The disturbances due to neo- 
tectonics^ and the shifting cultivation, especially in the 
higher altitudes, make these landscapes more unstable 
because of inadequate time available for the development 
of soils. This suggests that in order to gain knowledge 
on the stability of the landscape vis-a-vis soil degradation, 
a systematic study on soils representing major landfornis 
becomes imperative. 

Materials and methods 

Study area 

The study area falls in the eastern part of the Sub- 
Himalayan belt with an elevation of less than 1700 m 
above msl of Arunachal Pradesh (Figure 1). The geology 
consists of sedimentary (sandstone) and metamorphic 
(state) rocks. The climate is humid subtropical charac- 
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terized by high rainfall and high humidity. The annual 
rainfall varies from 3500 to 5500 mm with a maximum 
occurring during monsoon between May and August. 
The mean annual air temperature is 16.2°C. Most of 
the study area is under forest vegetation, viz. high-altitude 
banana (Musa sp.), bamboo (Melocanna bamboosoides) 
and sangrass (Imperata cylindrica), except a few patches 
which are cultivated for minor millets. 

Three pedons were selected on the North-Eastern 
Himalayan region with a linear distance of 25-30 km 
(Figure 2) in the Papumpoma district of Arunachal 
Pradesh. These are Typic Udorthents (Pedons 1 and 2) 
and Typic Hapludult (Pedon 3). These pedons were 
identified at different elevations on the hill scarps 
interconnected with very narrow interhill basins. The 
high hills (sites of Pedons 1 and 2) are characterized 
by maximum dissection and very steep slopes (30-50%) 
with shallow soils (Typic Udorthents) upon highly 
weathered sandstones at an elevation of 500 and 450 m 
above msl, respectively (Figure 3). The moderate hill 
tops (site of Pedon 3) is at a relatively medium slope 
(15-30%) with very deep red soil (Typic Hapludult) 
situated on 200 m above msl. These Entisols and Ultisols 
are spatially associated as distinct entities with similar 
climatic conditions on the high altitudinal landscapes of 
Arunachal Pradesh which represents major landforms in 
the hilly terrain of northeastern region. 

Methods 

The morphological characteristics of the pedons as well 
as the general features of the pedon sites were studied 
as per procedures described in Soil Survey Manual‘s. 
The physical and chemical properties of the soils were 
analysed following standard methods^ 

Erosion is apparently severe in the sites 1 and 2 in the 
study area compared to site 3. Values of soil erodibility 
were calculated from particle size and organic matter data, 
along with soil structure and permeability characteristics, 
using the nomograph of Wischmeier et al!\ 

Results and discussion 

Morphometric properties of soils 
In site 1 stones of 7.5-25.0 cm size (or even bigger) 
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cover 40-75% of the surface. Coarse gravels (2.5- 
7.5 cm), stones (7.5-25 cm) and boulders (> 25 cm) cover 
more than 50% volume of the horizons below 40 cm 
indicating that most of these horizons below 40 cm form 
AC horizons (Table 1). These stones are sandstone 
fragments derived from the bedrock. The other site 
characteristics, viz. very steep slopes (greater than 50%), 
severe to very severe erosion and very rapid run off 
indicate that these soils must have been deposited from 
still higher altitude and a little weathering of the bedrock 
might be relatively recent. 

The site 2 resembles site 1 except that the sandstonic 
bedrock, relatively near the surface, is almost exposed 



Figure 1, A view of high altitudinal ranges in Arunachal Pradesh. 



Figure 2. Soil site characteristics of high altitude terrain in Arunachal 
Pradesh (depth in cm). 


to the weathering. The profile represents a side slope 
of the steep hills which are thickly covered by shrubs 
and mosses. Beneath it are highly weathered sandstones. 
The difference between Cl and C2 appears only as the 
degree of weathering and that Cl is slightly more 
reddish. The morphology of Pedons 1 and 2 (Figure 1) 
as well as depth distribution of sand and silt fractions 
on clay-free basis and the sand and silt ratios (Table 
1) indicate lithological discontinuities’^. A noticeable 
characteristic of Pedons 1 and 2 is a relatively higher 
content of sand (0.1-2 mm). It is obvious that at sites 
1 and 2 the weathering of sandstone has given rise to 
high amount of sands in these two soils (Figure 4). 
The distribution of (clay-free) sand and silt fractions 
and their ratios (Table 1) point towards parent material 
uniformity in Pedon 3. Such homogeneity discounts clay 
enrichment of the B horizons caused by sedimentation. 
In view of the uniformity of the parent material, the 
clay distribution as a function of depth clearly indicates 
that these soils are fairly well developed. This is in 
accordance with the views of Barshad^ who indicated 
that in a fairly well-developed soil, as a result of 
pedogenic processes, the clay content increases with 
depth to attain a maximum and then decreases 
until it remains constant or completely disappears. In 
Pedon 3, the clay content, however, decreases after 
attaining a maximum value of 475 g kg"' at a depth of 
115 cm. 



Figure 3. Luxuriant vegetations of different forest species of high 
altitude banana and bamboo (SW of site 1 about 8 km NW of Daimukh, 
district Papumpoma, Arunachal Pradesh). 
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Physical and chemical properties of soils 

Base leaching due to higher rainfall has more influence 
towards acidity in soils at site 3. On the contrary, lower 
pH in soils at sites 1 and 2 is probably due to presence 
of organic acids derived from vegetation either by leaf 



Figure 4. Huge sancistonic rock mass in advanced stage of weathering 
causing continuous erosion near the river, Daimukh: the rounded pebbles 
carried by the river from the high hills of the Himalaya. 


drip or litter decomposition (Table 2). The dithionite- 
extractable iron (Fed) values in Pedons 1 and 2 show 
little variation within the profiles and may indicate less 
weathering. It appears that higher Fed values are due 
to higher iron content of the bedrock and do not indicate 
a greater weathering intensity. This is amply proved by 



Figure 6. Still closer view showing destruction of natural vegetation 
due to severe soil degradation. 



Figure 5. Degradation of soils and landscape; severe soil erosion 

affecting landscape stability (site 2, about 22 km SE of Kheel, district Figure 7. High degree of erosion near the site 3 causing truncation 
Papumpoma, Arunachal Pradesh). of top soil layers (near Itanagar). 
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Table 1. Particle size and soil erodibility (/Q data 






CURRENT SCIENCE, VOL. 74, NO. I, 10 JANUARY 1998 


45 







RESEARCH ARTICLES 





Table 2. 

Selected chemical data of the soils 



Horizon 

Depth 

(cm) 

pH 

Extractable base.s (cmol (+) kg"h 

CEC 
NH^OAc 
(cmol (+) kg"h 

BS % 

Fed % 

Water 

NKCl 

Ca 

Mg 

Na 

K 

Total 

Pedon 1 (Typic Udorthent) 










All 

0-15 

5.7 

4.4 

3.4 

3.2 

0.4 

0.3 

1.3 

9.8 

79 

0.8 

A12 

15-40 

5.7 

4.2 

3.2 

1.0 

0.4 

0.2 

5.0 

8.6 

58 

1.0 

ACl 

40-75 

5.6 

4.1 

2.4 

1.0 

0.3 

0.2 

3.9 

7.6 

51 

1.2 

2AC2 

75-180 

5.4 

4.0 

1.8 

0.6 

0.3 

0.2 

2.9 

7.0 

41 

1.2 

Pedon 2 (Typic Udorthent) 










Al 

0-8 

5.3 

4.5 

4.0 

1.2 

0.4 

0.2 

5.8 

8.8 

66 

0.6 

2C1 

8-43 

5.5 

4.2 

3.2 

0.8 

0.3 

0.1 

4.4 

6.0 

74 

1.1 

2C2 

43-200 

5,1 

4.0 

3.6 

1.0 

0.4 

0.1 

6.1 

8.2 

74 

0.3 

Pedon 3 (Typic Hapludult) 










Al 

0-10 

5.6 

4.4 

2.6 

1.0 

0.3 

0.6 

4.5 

9.6 

47 

1.0 

B2It 

10-30 

5.3 

4.0 

1.2 

0.4 

0.4 

0.2 

2.2 

9.4 

23 

1.7 

B22t 

30-50 

5,3 

4.0 

0,8 

0.4 

0.4 

0.3 

1.8 

10.0 

18 

1.9 

B23t 

50-115 

5.3 

3.9 

0.8 

0.2 

0.3 

0.2 

1.5 

12.2 

12 

1.7 


observations are of interest, detailed inter-regional com¬ 
parisons are unadvisable on the basis of these limited 
data. 

The similarity of soil chemical properties of Pedons 
1 and 2 (Table 2) as well as the climate indicates that 
the rocks at site 2 are equally capable of producing 
soils with similar clay content as observed in Pedon 1. 
However, the clay content is relatively less and lithologi¬ 
cal discontinuities are more in Pedon 2 than in Pedon 
1 (Figure 2 and Table 1). This indicates more soil loss 
through water erosion at site 2 which is more steeply 
sloping than site 1. It thus shows a differential rate of 
soil erosion leading to a different degree of landscape 
degradation in the high altitudinal terrain of Arunachal 
Pradesh even with similar environment. This is also in 
conformity with the soil erodibility values (K) which 
are higher in Pedon 2 (0.36-0.54) than in Pedon I 
(0.36-0.39) (Table 2). In the dominantly erosional land¬ 
scape of the northeastern region of India, the series of 
ridges, valleys, terraces and scraps-^ are the result of 
such differential erosions and their subsequent deposi¬ 
tions. 

More than 20% clay increase in the subsurface horizon 
over the surface qualify for an argillic horizon in Pedon 
3 (ref. 14). Due to probable truncation of the upper 
layers of these Ultisols (Figure 7), the total clay content 
presently shows a sharp decline in the A horizon (Table 
1). Judging by the huge clay illuviation in these soils, 
it appears that the landscapes at lower elevations (site 
3) might have been more stable in the past. With time, 
modern civilization in the form of rapid urbanization 
has brought instability in these landforms resulting in 
such truncated soils due to soil loss through water 
erosion, which is also indicated by the soil erodibility 
values as shown in Table 1 (ref. 6). 


low Fed values but highly weathered Cl horizon of 
Pedon 2 (Table 2). On the other hand, the translocation 
of iron as indicated by dithionite-extractable iron (Fed) 
values in Pedon 3 shows evidence of clay illuviation. 

Development of soils vis-d-vis erosion 

The climate in the study area is sufficiently warm 
(during summer) and moist (during rainy season) and 
the parent materials are not resistant to weathering. 
Therefore, the reason for the apparent limitation in terms 
of horizon differentiation in Pedons 1 and 2, is probably 
due to the fact that these soils are developed on unstable 
slopes, making more water available for surface runoff 
rather than for infiltration and thus causing more soil 
loss through water erosion. The effect of soil development 
and its accumulation is thus obliterated by the erosion 
and, therefore, both these sites are presently under 
degradation (Figures 5 and 6). 

The soil erosion causing degradation has been reported 
by several authors from this part of the Himalaya. As 
a whole, from the Indian Himalaya, about 28.2 tons/ha/yr 
soils are eroded’'^ while from the Lesser Himalaya and 
Siwalik watershed 80-156 tons/ha/yr soils are removed^^; 
and in the submontane Punjab of northwest India soil 
loss of 20 tons/ha/yr has been reported^^. Soil erosion 
from hill slopes (60-70%) under first year of jhum, 
second year of jhum, abandoned jhum (first year fallow), 
natural bamboo and mixed forest areas of Meghalaya 
was estimated at 144.6, 170.2, 30.2, 8.2 and 18,8 
tons/ha/yr, respectively'I A study on the soil degradation 
of Arunachal Pradesh (personal communication) indicates 
more than 40 tons/ha/yr erosion in the areas with steep 
to very steep slopes (sites 1 and 2) and 20-40 tons/ha/yr 
with moderate slopes (site 3). While these general 
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Conclusions 

Information on soil development, erosion and deposition 
and the balance of these three processes indicates the 
extent of soil formation vis-a-vis soil loss in a landscape. 
Basic data on soils and the site characteristics are, 
therefore, important for determining degree of soil erosion 
to assess degradation of soils as well as the landscapes. 
Although all the sites described in our study are con¬ 
tinuously eroded, the site 3 with soils containing huge 
clay is at a less degree of degradation than the soils 
at sites I and 2. While the soil degradation due to 
shifting cultivation and other human intervention can be 
controlled, the conservation of landscape degradation 
due to neotectonics is yet to be found out. 
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Detection and identiDcation of seismic 
signals using artificial neural networks 

Falguni Roy 

Seismology Section, High Pressure Physics Division, Bhabha Atomic Research Centre, Mumbai 400 085, India 


Artificial neural networks (ANNs) are emerging as 
potential tools for the detection and identification of 
seismic signals owing to the fact that they can be 
adapted to fit more complex decision surfaces com¬ 
pared with the conventional techniques. This paper 
deals with the development of two ANNs, one for the 
purpose of on-line detection of seismic signals and the 
other for the identification of the signals. It has been 
demonstrated that these ANNs, trained with various 
parameters derived from the digital data as obtained 
from the Gauribidanur seismic array, India, have 
excellent capabilities to detect and identify weak seismic 
signals. 


Detection and identification of seismic signals, having 
body wave magnitudes (mb) four or more, at teleseismic 
distances seem feasible with the presently available 
Instruments and data analysis methods. However, iden- 
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tification of small magnitude events which could be 
recorded only at regional distances (< 2000 km) requires 
significant efforts to devise techniques for detecting, 
analysing and interpreting such regional data. With ever- 
increasing inflow rate of digital data, on-line processing 
of seismic data has become a necessity. Modern high 
speed digital computers have over the years made it 
possible for the users to implement various sophisticated 
processing algorithms to extract meaningful information 
from raw data. Presently, extensive research efforts are 
directed towards the designing of artificial neural net¬ 
works (ANNs) which are conceived as promising solu¬ 
tions to various complex artificial intelligence problems 
like pattern and speech recognition'-^. ANNs are also 
emerging as potential tools in the field of seismic signal 
detection and identification. 

The present paper deals with the development of two 
ANNs for the purpose of signal detection and identifi- 
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/CD?" — detected signals respectively. Short period 
(SP) digital data from Gauribidanur array, India (GBA) 
have been used for this study. 

Artificial neural networks 

The ANNS are designed to mimic the pattern recognition 
process of the human brain and are well suited to handle 
classification problems. In general, an ANN has an input 
layer, i.e. the layer of neurons through which the input 
data enters the network, one or more intermediate layers 
also known as hidden layers, and an output layer which 
produces the output response of the network (Figure 1) 
In a fully connected ANN. neurons of each layer are 
connected to the neurons of the next layer through some 
weig ts wheie / stands for the zth neuron of the 
previous layer and j stands for the yth neuron of the 
present layer. In a feed forward ANN, every neuron in 
lower unit must send its output to higher layers excluding 
Its own neurons. Learning procedure begins with the 
presentation of an input vector to the input layer. The 
input to the unity is a linear function of the outputs 
L, of the neurons that are connected to j and the 
weights, W.., connecting these neurons 


X= y YW 

1 Z/ - (1) 

/ 

Wh‘ ^ "“"linear 

function of its total input, X., 

T.= l/(I+exp(-A.)). ^2) 

These Z’s, with values ranging between 0 and 1 form 
e input to the next layer. The learning procedure used 
Kurs,vdy weigh.,, of the oonnecion^ 

in the network by minimizing measure of the difference 


.p . I Weighis LAVEjR 


OUTPUT 

layer 


between the actual output vector and the desired output 
Zed'S" p is 

(3) 

j 

wherey is an index over output neurons, Y is the actual 
state and d is the desired state and E = 1 :e gives the 
measure of total error. The learning is accomplished in 
two phases. During the first phase, the input parameters 
are presented to the input layer and propagated forward 
so as to compute an output vector. An error estimate 
for each output unit is obtained by comparing the actual 
output state with the desired output state. The second 
phase involves a backward pass through the network 
urmg which the error signal is passed to each neuron 
m the network and appropriate weight changes are made 
based on generalized delta rule'. 

Training the detection network 


jsvi.wji| 

FfEYkWji) 

i 
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Figure 1. Architecture of an artificial neural network. 


Low-order auto regressive (AR) mode]s’-<> have the ability 
to represent seismic source functions with a high degree 
of accuracy . Further, it has been found that the short 
period seismic noise at GBA can also be represented 
reasonably well using low-order AR models*. Thou<^h 
he model orders are comparable in both these cases, 
the spectral shapes derived from these models may vary 

Sv"elv differences 

effectively, spectra derived from 10th order AR models 

™ f„ "sS 

wfr? H accomplished 

with a large set of spectra (0.0-6.0Hz) derived from 

Sn^s" froT ““"■•esponding to seismic 

S ' T Slobe and seismic 

Oise samples taken at different times of the year. Each 

training sample was of five seconds duration. The short 

Toe of "h . 'Vr in the 

^ ^ ^ sampling rate of 20 

Shfe-f 

The ANN has 41 neurons in the input layer 70 

ayei Desired output values for noise samples and 

respectively. One 

ZcZ r’ •’ 'he given activation 

fnfi? t ? ? '^>'h“ut having 

innnitely large weights . ^ 

On-line signal detection scheme 

The detection process begins with the estimation of AR 
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spectrum of 5 seconds data corresponding to each work¬ 
ing channel of the array. Each spectrum consists of 41 
values representing spectral amplitudes at 0.15 Hz inter¬ 
val. From the multi-channel spectra, an average spectrum 
is computed. Spectral averaging is done mainly to sup¬ 
press the detection of spurious signals. This spectrum 
is fed to the input layer of the ANN. A value <0.5 at 
the output of the ANN indicates absence of a signal. 
The detection process continues till a signal is detected 
(i.e. output of the ANN becomes >0.5). 

Once a signal is detected, the time delays of the 
signal along the two arms of the array (needed for 
locating the event) " are estimated by cross correlating 
the prediction error filtered data'^-'^ Signal onset times 
are also estimated using an algorithm based on prediction 
error filtering and threshold detection techniques'^ which 
are prerequisites for the post-detection analysis of the 
seismograms for source identification. 


Case studies for signal detection 

Figure 2 shows a playout of unprocessed seismic wave¬ 
forms corresponding to 20 short-period channels of GBA. 
The waveforms comprise a weak signal around the time 
indicated by the arrow. The signal emanated from an 
underground nuclear explosion in Mururoa-Atoll region. 
South Pacific (mb = 5.1). The signal is not discernible 
by eye ball search. However, the ANN could distinguish 
the signal from the background noise. Figure 3 shows 
the overall beamed sum (using 16 channels) of this 
event along with the spectrogram of the signal. It may 
be seen from the figure that signal-to-noise ratio (SNR) 
in the beamed waveform is close to 2. Considering a 
value of 0.1 as the average noise correlation at GBA'*’, 
the improvement in SNR turns out as 2.5. This implies 
that average SNR in a single channel waveform for this 
event was close to 0.8. The spectrogram, which is a 



6SEP1895 21 49 30 

Figure 2. UnprocessecJ seismograms corresponding to 20 short-period 
channels of GBA. Arrow indicates expected arrival time of a signal 
from Mururoa Atolls. Starting time of the waveforms is given at the 
bottom. 


moving window spectral analysis, shows the variations 
in the spectral contents as one moves the window in 
steps of 0.5 s. Figure 4 shows the spectra of three 
preceding noise blocks (5 s each) and the spectrum of 
the portion comprising the signal (each spectrum is 
obtained by averaging corresponding multi-channel spec¬ 
tra). It may be seeff"that the signal and noise spectra 
practically overlap each other, differing at some fre¬ 
quencies only marginally. Nevertheless, this much 
deviation was adequate for the ANN to distinguish the 
weak signal from the background noise. 

Figure 5 shows spectra of the preceding noise and 
the signal portion of another event from the same region 
(mb = 5.0). Here the signal spectrum has comparatively 
larger differences with the background noise spectra 
than the previous event. The signal was duly detected 
by the ANN. 


6SE:p1886 2 1 48 2 1 . 1 S 



I I I I I I I t 1 t I M t I I > I I I I . ! I 1 I I I I 
0 27 S 


Figure 3. Overall beamed sum of the waveforms shown in Figure 
2 along with the corresponding spectrogram. Starting time of the 
beamed sum is given at the top. 



Figure 4, Average AR spectra of noise and signal portions corre¬ 
sponding to the waveforms shown in Figure 2. 
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Spectra corresponding to a larger underground ex¬ 
plosion from the same region (mb = 5.2) are shown 
in Figure 6. Significant differences could be seen 
between the noise and the signal spectra. This is 
expected as the event happens to be relatively bigger 
than the previous ones. The event was detected by the 
ANN. 

Figure 7 shows the waveforms corresponding to a 
presumed underground explosion (mb = 4.4) in Eastern 
Kazakh region. Corresponding noise and signal spectra 
are shown in Figure 8. Signal spectrum could be dis¬ 
tinguished from the spectra of the background noise. 
The event was detected by the ANN. 

It may be mentioned here that once an ANN is taught 
to handle the task of signal detection, its ability to 
detect a signal does not depend upon the signal strength 
in the given seismogram. In fact, in a way, the ANN 
compares the given time series with all the seismograms 
it had used for learning before it actually converges to 
a decision. Figure 9 highlights the above point through 



Figure 5. Average AR spectra of noi.se and signal portion.s corre¬ 
sponding to another event from Miiruroa Atoll.s. 



Figure 6. Average AR spectra of noise and signal portions corre- 
sponding to a moderate strength event from Mururoa Atolls. 


an illustration. The figure shows the signal spectra 
corresponding to Figures 4 and 5 along with a noise 
spectrum of Figure 8. If one looks into the spectra 
shown in Figures 4 and 5, it will be possible to 
distinguish the corresponding signal spectrum from the 
spectra of the preceding noise though with some diffi¬ 
culty. However, when these two signal spectra are 
compared with the noise spectrum of Figure 8, the task 
of identifying the signal spectra becomes more difficult. 
As seen in the figure, the noise spectrum dominates the 
signal spectra throughout the spectral band, making it 
difficult for the analyst to differentiate one spectrum 
from the other. However, it does not pose a problem 
for the ANN as it has already identified these spectra 
coirectly. Thus in a situation like the one shown in 
Figure 9, human judgement may fail to identify the 
spectra correctly but a pre-trained ANN will not. In 
other words, it may be said that even if the background 



Figure 7. Unprocessed seismograms corresponding to 20 short-period 
channels of GBA. Arrow indicates expected arrival time of a weak 
signal from Eastern Kazakh region. Starting time of the waveforms is 
given at the bottom. 



Fr«qiMnay (H*) 

Figure 8, Average AR spectra of noise and signal portions corre¬ 
sponding to the waveforms shown in Figure 7. 
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noise conditions keep on changing (which is a reality) 
making the SNR very small, as long as the ANN has 
been trained with such noise samples, detecting weak 
signals may not be a problem for the ANN. As already 
mentioned, an ANN achieves such capabilities through 
its internal hidden layers. 


Advantage of ANN over conventional signal 
detection methods 

In any signal detection process, there is always a trade-off 
between the number of genuine signals detected and the 
number of spurious detections. For an on-line system 
to be effective, the number of spurious detections should 
be as low as possible. The aim of all the detection 
processes is to explore the differences between various 
signal and noise characteristics. In the conventional 
detection methods which operate on a preset threshold, 
there are inherent drawbacks. A low value of threshold 
will detect the weak signals, however, it will result in 
a large number of spurious detections. On the other 
hand, a large threshold will fail to detect many weak 
signals. Detection processes which are based on exploit¬ 
ing the frequency contents of signals and noise have 
limitations too. Background noise at a recording station 
is likely to vary with time. Such temporal variations 
may occasionally get detected as signals. 

An ANN detector is more reliable than the conventional 
ones due to the fact that it is trained using a large set 
of data comprising various kinds of noise and signals. 
This takes care of short-term and long-term variations 
in the noise. The number of spurious detections by an 
ANN is also negligible. Besides an ANN can be re-trained 
by including the parameters of the spurious detections, 
thereby re-adjusting the weights. 



Figure 9, Signal .spectra corresponding to Figures 4 and 5 along with 
a noise spectrum of Figure 8. 


Parameters for source identification 

As on to-day, for the identification of seismic signals, 
a large number of SP identifiers are available'^’^^ of 
which some operate in time domain and others in 
frequency domain. For the present study, some of the 
established identifiers along with some promising ones 
based on parametric modelling of seismograms have 
been used. A brief description of these parameters follow. 

Signal complexity 

Usually the seismograms generated by underground ex¬ 
plosions are much simpler than those generated by the 
earthquakes of comparable magnitudes. In order to exploit 
this difference effectively, an identifier known as signal 
complexityC, is used which is defined as 

c=x sitf, 

where S{t) denotes the signal amplitude as a function 
of time. Usually t^ is taken as the onset of the primary 
or P-signal. For the present study, the values of r, and 
^3 have been taken as 3 s and 30 s respectively. Explosion 
signals are expected to yield a lower value of C compared 
to the signals from equivalent magnitude earthquakes. 


Third moment of frequency 

Third moment of frequency^‘^ (TMF) is a spectral iden¬ 
tifier which essentially puts higher weightages on the 
high frequency components of the seismic signals. It is 
defined as 


TMF=: 


Z ^(/)/vx A{f) 

/=o /=() 


where A{f) is the spectrum of P-signal and / is the 
frequency in Hz. Explosion signals usually yield larger 
values of TMF compared to the earthquake signals of 
comparable strength. 


TMF per unit complexity 

Explosion signals, in general, have low complexity and 
high TMF values unlike earthquake signals of equivalent 
strength. Thus a parameter which is directly proportional 
to TMF and inversely proportional to complexity will 
have larger values for the explosions than for the 
earthquakes of equivalent strength^^*^'. This parameter, 
CTMF, has been defined as 
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CTMF (C, TMF) = TMF/C. 

TMF, C and CTMF from prediction 
error-filtered signals 

WhM SNR happens to be low, the contribution of noise 
to TMF and C cannot be neglected. However, due to 
their ability to accentuate SNR substantially, prediction 
eiTor filters (PEFs) can be effectively employed in such 
SI nations A prediction error-filtered seismogram 
besides having greater SNR, is also richer in high 
requencies compared to the unprocessed seismograms. 
Thus, the Identifiers C^, TMF^ and CTMF (suffix ‘p’ 
stands for estimates from prediction error filtered seis¬ 
mograms) are expected to aid in the identification of 
weaker events. 

Spectral bandwidth 

seismograms generated 
by an explosion and an earthquake of comparable strencrth 
are primardy due to two important factors, viz. source 
time function and the source dimension. It is expected 
hat the spectrum of an explosion signal will occupy a 
arger frequency band compared to the earthquake signal 

Shane 

Shape with a prominent peak. Spectra of earthquake 

value in comparison to the explosion signals. The fre¬ 
quency at which the spectral value falls to 10% of the 

peak value has been used as one of the identification 
parameters (SBW). cuurication 


Shape of prediction error filters 

Characlerisfe of a PEF as computed from P-sig„aI of 


\J V/..' v—v— — -w , 

i ' I-1 r--1 

<112 3 1 5S g ,I .S ' ' ' '—. -1 

® ‘ 2 3 1 -SS g IS 

along with the corre,spondlng PERs.*' earthquake .signals (A) 


an event are largely controlled by its source function. 

ue to the basic differences between the explosion and 
the earthquake source functions, the corresponding PEFs 
a so differ considerably^^ In order to highlight these 

siinir^^?’ ^ and explosion 

signals along with the corresponding PEFs have been 

s own in Figure 10. It may be seen that the PEFs due 

tL^rePsT/f" IT beginning whereas 

the PEFs due to earthquakes have a ‘V’ shape at the 

differences gainfully 
angle BAC (the angle made by the second, third and 
four* .ample of U,e PEF. see Figure 10) Iuk betl“d 
as a paiameter in combination with the TMF and C of 
the signals and expressed as 

P(A,TMF,C) = (TMF-^,)/ 

[AlogCH-k^(/l + IogC)-f-)tJ. 

As evident from Figure 10, magnitude of ^ for 
explosion PEFs is expected to be lower compaied m 
le eaithquake PEFs. The identifier P(A TMF C) is 

an^In‘to "" explosion than 

an eaithquake of comparable magnitude. Besides these 

eight parameters, source distance, azimuth and mb of 
he events have also been used to train the ANN for 
signal identification. 


Training and performance of identification 
network 


Trmning of the ANN for signal identification has been 

fromTetp fiT derived 

from the SP data pertaining to 206 events. These events 

ohT'i!? explosions as well as earthquakes and 
ginated at various locations of the globe. The mb of 
these events varied from 3.0 to 6.2. The three-layer 
dentificatmn ANN has 11 input neurons, 150 neurons 

mte^^^f A learning 

aL r ^dr training the 

earthquake and 

explosion signals were taken as 0.1 and 0.9 respectively 
n ordei to evaluate the performance of the ANN, another 

30 ITT d’® comprising 

ran-^e 9 explosions in the magnitude 

^ t> 3.5 to 6.2 were analysed using the ANN. Ail the 
60 events were identified correctly by the ANN. Figure 
1 shows a few of the signals belonging to this set of 

liicTn i ^ the top three earthquake 

^nals appeared explosion-like, the ANN was able to 
dentify them unambiguously. Finally, in order to high¬ 
light the capability of these ANNs to detect and identify 
wea signa s in tandem, a seismogram comprising signal 
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from the Chinese underground explosion (mb = 4.3) of 
29 July 1996, has been shown in Figure 12. The event, 
which originated at a distance of around 30 degrees 
from GBA, generated very weak signal at GBA. However, 
the signal was duly detected and identified by the 
corresponding ANNs. 

Performance of the ANN vis-a-vis other 
identifiers 


Eurasian events comprising 27 earthquakes and 38 
explosions were analysed. Number of earthquakes and 
explosions misclassified by each of the eight identifiers, 
their combination based on a weighted average (each 
identifier was assigned a weight based on its performance) 
and the ANN have been shown in Table 1. It may be 
seen that even the performance of the combined identifier 
was no better than some of the individual identifiers 
for the present data set. However, the ANN could 
identify all the events successfully. 


It has been observed that the most efficient identifiers 
are applicable to larger events and their efficiency 
decreases with the event strength. Further, it has been 
seen that there is no single identifier which is superior 
to other identifiers in all situations. However, combination 
of several identifiers usually improves the identification 
capability. 

In order to evaluate the performance of the ANN 
vis-a-vis other identifiers, signals pertaining to 65 


PRESUMED EXPLOSION SIGNALS 



240M3 Easteni KazakJi MbM.C 



2JOU2 Eauern Kaukli Mb-4.5 



140UI Eattcra Katakh IMfb-4.7 



300M1 Eastern Kazakk Mb«4.7 

- 1 

270581 Easteni Kazakh Mb«5.2 


40 S 



Conclusions 

For training the detection ANN, average signal and 
noise spectra have been used. Though an average spec¬ 
trum does not essentially improve SNR, it helps in 
reducing spurious detections. It may be emphasized that 
the detection capability of an ANN may be further 
enhanced by using spectra of array beamed signals. The 
ANN presented here was able to detect signals from 
the events having mb as small as 3.0 and originating 
at a distance of around 2000 km from GBA. The iden¬ 
tification ANN has been able to identify events down 
to mb = 3,5 originating at a distance of around 2000 km 
iKun GBA. It is felt that the performance of the iden- 
tification ANN may be further improved by including 



0 10 20 30 40 501 
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Figure 11. Some earthquake ami explosion signals belonging to the Figure 12. Unprocessed seismogram comprising signal from the 
set of 60 events which were identified correctly by the ANN. Chinese event of 29 July 1996. Arrow indicates the signal onset time. 


Table 1. Performance of individual identifiers and their weighted combination vis-a-vis the ANN 


Parameters 



C 

TMF 

CTMF 

Cp 

TMF^ 

CTMFp 

SBW P 

No. of earthquakes misclassified 

4 

10 

4 

3 

15 

2 

15 15 

No. of explosions misclassified 

2 

3 

1 

2 

1 

2 

1 0 


No. of earthquakes used = 27; No. of explosions used = 38. 


Weighted 
comb. ANN 

4 0 

1 0 
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parameters derived from the long period and horizontal 
components of seismic data. 
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X-ray contact microscopic imaging 
in keV spectral region using 
laser-produced plasmas 

V. V. sorokli,.,’w y“'. S* a’ld w'e IZiomoV 
We report here contact microscopic Imaging in keV 

ErroST 

srr. r rn 

IS ^,"1 ™ 

shot X"r<lV llllHPfpc nf 1 • 1 •-»i •o* • 
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In this paper, we describe the use of a laser-produced 
plasma X-ray source for X-ray contact microscopic 
imaging in keV spectral region. Single shot, high reso¬ 
lution images of yeast cells are obtained with unit 
magnification on a ERP-40 photoresist-coated silicon 
wafer using X-ray emission from a copper plasma. 
Analysis of these images performed using a scanning 
electron microscope (SEM) and an atomic force micro¬ 
scope (AFM) shows sufficient contrast and features 
which are not observed when the sample is viewed 
directly under an optical microscope. Spatial resolution 
is estimated to be ~110 to 130 nm for 5 p.m thick 
samples. Further, height profile of the developed photo¬ 
resist obtained from AFM analysis provides a two- 
dimensional map of integrated X-ray absorption of the 
sample. This can be of interest for stereoscopic imaging 
application as a potential technique for elemental mapping 
of biological objects. 

The basic idea underlying the contact imaging tech¬ 
nique is to record a contact shadowgram of a sample 
placed on a photoresist-coated silicon wafer by exposing 
it to a short duration burst of radiation from a point 
X-ray source (Figure 1). After exposure, the latent image 
of unit magnification in the photoresist is chemically 
developed to yield a relief pattern which corresponds 
to a two-dimensional topographical map of integrated 
X-ray attenuation of the original sample. A spatial 
resolution of the image of the order of 100 nm can be 
achieved which is mainly governed by diffraction’-* of 
the X-ray radiation from the sample and penumbral 
blurring’ of the image due to finite X-ray source size 
and sample thickness. High magnification of the image 
is accomplished in the viewing stage of the developed 
photoresist. The image can be seen with high magnifi¬ 
cation under either an SEM or an AFM, while essentially 
maintaining the spatial resolution achieved in the 
recording stage. 

An important feature of this imaging technique lies 
AS 

H h 



Figure 1. X-ray contact imaging technique. 
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in the height profile of the developed photoresist. This 
is because when the exposed photoresist is developed, 
the etching depth at a given point depends on the X-ray 
dose received by that point. One thus gets a height 
profile in the developed photoresist (Figure 2) which 
represents a two-dimensional map of the thickness 
integrated X-ray attenuation of the sample. A quantitative 
map of the height prafile of the photoresist can be 
obtained from the AFM analysis. Alternatively, one can 
view the X-ray image under a differential interference 
contrast (DIG) optical microscope. Interference of light 
reflected from the top and bottom interfaces of the 
developed photoresist would result in a colour pattern 
governed by the height profile. However, in this case, 
the spatial resolution of the magnified image will be 
limited by the wavelength of the visible light. 

Experiments were performed using D2ML Nd: glass 
laser system at P. N. Lebedev Institute. Soft X-ray 
source was produced by irradiating planar foils of copper 
with single laser pulses of energy 9 J in 3 nS (FWHM) 
at the second harmonic (A = 0.53 jam) of Nd : glass laser. 
A schematic diagram of the experimental set up is 
shown in Figure 3. A plano-convex lens of 120 mm 
focal length focused the laser beam on the target to a 
focal spot diameter of ~ 80 jam. Laser intensity for 
these irradiation conditions was estimated to be 

6x10’^ W/cm“. The target chamber was evacuated 
to 10"“torr and the target was moved after each laser 
shot to provide fresh surface for plasma production. 



Figure 2. A typical height profile of the developed photoresist. 


CHAMBER WALL 



Figure 3, Experimental setup of laser-produced plasma X-ray source. 
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Biological samples, viz. yeast cells were placed on a 
thin nitrocellulose film of 100 nm thickness stretched 
on a fine copper grid of 70 |im mesh size and the same 
was kept in contact with a photoresist-coated silicon 
wafer. A schematic of the sample holder assembly is 
shown in Figure 4. The silicon wafer had a 0.8 pm 
thick coating of ERP-40 photoresist‘s baked to ]00°C 
for a period of one hour. The minimum X-ray dose 
required for this photoresist is - 2 mJ/cml A polythene 
foil of 1.2 pm thickness was placed between the X-ray 
source and the sample to serve as an X-ray filter and 
to prevent plasma debris of the target from hitting the 
sample. This foil had a cut-off energy (defined as the 
photon energy for which transmission through the foil 
reduces to 1/e of the input intensity) of hv~0.8keV. 
The sample holder assembly was placed at a distance 
of 15 mm from the ta-get and oriented at an angle of 
70° with the target normal. This distance was kept 
sufficiently large so that the polythene foil is not damaged 
by the plasma blow-off from the target. 

X-ray emission spectrum of the copper plasma was 
measured using a KAP crystal in Bragg reflection 
geometry. The spectrum showed intense emission features 
in the wavelength region of - 0.8 nm to 1.1 nm (photon 


NITRO CELLULOSE 
FILM 0.1pm 


POLYTHENE 
FILTER ~ 1.2pm 

X-RAYS 


-Cu-GRID 


BIOLOGICAL 

SPECIMEN 
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Figure 4. Schematic o( sample iiolder assembly. 
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energy range hv~l.lkeV to 1.5 keV) due to the line 
and free-bound recombination transitions in L shell of 
Cu ions. A single shot X-ray dose of ~ lOmJ/cm^ 
incident on the sample was quite appropriate for exposure 
of the ERP-40 photoresist. Attenuation of X-ray dose 
in the sample is governed by its thickness and compo¬ 
sition. For a 5 pm thick protein layer^, the attenuation 
for X-rays of 2 ~ 1 nm is estimated to be ~ 3. The X-ray 
dose distribution on the surface of the resist is therefore 
ensured to be within the dynamic range of the resist. 
Moreover, since a 0.8 pm thick ERP-40 resist absorbs 
only ~ 10% of the X-ray radiation in the above spectral 
range, a homogeneous energy deposition would occur 
along the thickness of the resist layer. 

Exposed photoresist samples were developed in a 
I . 3 mixture of ethyl methyl ketone and propanol for 
8 min. The developer concentration and development 
time were chosen so that a negligible dissolution of 
unexposed resist areas occur during the development 
process. Resist contrast coefficient y (slope of the curve 
showing normalized remaining thickness of the resist 
versus log exposure) was ~ 0.9. The developed photoresist 
samples were analysed under SEM, AFM and DIG 
optical microscope. Resist samples were gold sputter- 
coated for SEM analysis. 

Figure 5 shows an SEM picture of the image of the 
yeast cells in the developed photoresist at a magnification 
of 3000 X. These pictures were taken at low accelerating 
voltages as the photoresist is very electron-sensitive even 
when sputter-coated. The sample consisted of yeast cells 
of ~ 5 p,m diameter and ~ 30 pm length dimensions. The 
tubular structure of these cells is clearly seen in the 
picture. Also seen are the internal structures of 
~ 2--3pm size representing regions of higher optical 
density for the exposed X-ray spectrum. This can be 
compared with the yeast cells as viewed under a con¬ 
ventional optical microscope (Figure 6). It may be noted 
that direct viewing of the sample by optical microscope 
does not reveal internal structure details due to very 



Figure 6. Yeast celts seen under optical microscope. 
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low contrast of the sample in the visible optical 
region. 

Figure 7 shows X-ray image of the yeast cells observed 
under a DIG optical microscope. This image shows quite 
distinctly both boundaries and internal structure of the 
cells. Different colours represent regions of different 
X-ray attenuation in the sample as discussed earlier. 
The outer rectangular boundary in this figure is of the 
70|Lim mesh used. The colour difference of the cell 
boundary and internal regions is caused by difference 
in their X-ray absorption properties. 

Next, an AFM picture of the photoresist image of 
the yeast cells is shown in Figure 8. Height profile 
distribution in the developed photoresist is also depicted 
on a scale. This picture thus represents a two-dimensional 
map of the height profile of the developed photoresist. 
This can be used to find out the X-ray dose distribution 
on the exposed surface of the resist and thereby the 
distribution of optical density of the sample in the X-ray 
spectral region. Talcing into consideration the symmetrical 
form of yeast cells, it can be inferred that the internal 
structures seen in the picture are regions of higher X-ray 
attenuation than those of the surrounding regions. A 
detailed quantitative information would necessitate dif¬ 
ferent X-ray spectral ranges for taking such shadowgrams. 
Nevertheless, the important role of keV X-ray shadow- 
graphy is clearly evident from the observed contrast and 
features in the images which are not revealed when the 
sample is viewed directly under an optical microscope. 

Spatial resolution in the contact imaging technique is 
governed by X-ray difixaction from the sample and 
penumbral blurring of the image due to finite source 
size (Figure 1). If a sample of thickness d is illuminated 
by X-rays of wavelength A, Fresnel diffraction would 
limit the resolution^'^ Axj to ~ For an X-ray 

wavelength of ~ 1 nm and a sample thickness of 5 pm, 
this limit would come to ~ 70 nm. Next, the penumbral 
blurring of the image Ax 2 , for a source of size AS 
kept at a distance D from the sample, is given by 



Figure 7. Colour contrast observed from X-ray image of yeast cells 
as viewed under an optical DIG microscope. 


A S • d/D. For the X-ray source size of laser-produced 
plasma of - 80 pm and the source to sample separation 
of 15 mm, the penumbral blurring of the image for a 
sample of 5 pm thickness is -- 30 nm. Thus the overall 
spatial resolution limit due to the combined effect of 
diffraction and geometry, Ajc^^‘^% would be 

~ 80 nm. However, practical spatial resolution would 
be worse than this limiting value because of the resolution 
limit due to statistical noise of photons absorbed in the 
photoresist^’^ and the resolution of the photoresist itself. 
Resolution of the ERP-40 resist'^ at A = 1 nm, is ~ 10 nm, 
and is thus not a serious contributor in the present case. 
However, for any X-ray microscopic imaging, statistical 
noise of photons would limit the resolution. For a single 
shot exposure of 10mJ/cm% this value is estimated*^ to 
be in the range of 30 to 50 nm. Thus a spatial resolution 
of ~ 110-130 nm is expected for the imaging parameters 
involved. 

An experimental measurement of spatial resolution 
can be made from the images of well-defined physical 
microstructures recorded in the same manner. A spatial 
resolution of 195 nm was observed from the edge profile 
of a copper grid bar of 10 pm thickness kept in direct 
contact with the photoresist and exposed to X-ray emis¬ 
sion from a laser-produced copper plasma“\ This higher 
value is quite understandable because the available copper 
grid was of a higher thickness of 10 pm (compared to 
the yeast cells) for which both the diffraction and 
penumbral blurring would be larger. In view of this, 
the estimated spatial resolution for the yeast sample is 
consistent with the experimentally observed value for 
the copper grid structure. 

Pulsed X-ray emission from laser-produced plasma is 
well suited for achieving high spatial resolution in 
contact imaging. Although synchrotron radiation source 



m 


Figure 8. X-ray contact image of yeast cells showing height profile 
of the developed photoresist as observed under an AFM. 
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provides an excellent coverage in X-ray spectral region, 
an exposure of an order of millisecond is usually required 
to achieve the necessary dose. This may result in deg¬ 
radation of spatial resolution on account of thermal 
vibrations in the sample or blurring caused by expansion 
of the sample due to heating during the long exposure 
period^’”. Laser-produced plasmas, on account of their 
high peak brightness, can provide sufficient exposure in 
a single pulse of short duration (few nanoseconds or 
smaller), thereby avoiding the above problems. Further, 
smaller size and much lower capital cost of a laser- 
produced plasma source are obvious advantages for a 
moderate size laboratory. 

In conclusion, X-ray contact microscopic imaging is 
performed in keV X-ray spectral region using a laser- 
produced plasma X-ray source. Images of unit magni¬ 
fication are obtained for ~ 5 pm thick yeast cells in 
single shot exposures of ~ lOmJ/cm- with an estimated 
spatial resolution of ~ 120 nm. These images are observed 
with high magnification under a scanning electron 
microscope and an atomic force microscope. X-ray 
images show internal structures which are not seen under 
a conventional optical microscope due to low contrast 
in the visible region. Height profile of the developed 
photoresist observed under AFM correspond to a two- 
dimensional map of thickness integrated X-ray attenuation 
of the sample. This can be useful for potential application 
of elemental mapping of biological objects. 
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Effect of 45 MeV Ti and 68 MeV 
O charged particles on the 
microsomal membrane fluidity 

M. Srivastava, D. Choudhary, A. Sarma* and 
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School of Life Sciences, Jawaharlal Nehru University, 

New Delhi 110 067, India 

*NucIear Science Centre, New Delhi 110 067, India 

Microsomes prepared from liver of male Sprague 
Dawley rats were irradiated with various fluences of 
45 MeV ’Li and 68 MeV '*’0 charged particles. The 
change in fluidity and lipid peroxidation was measured 
in terms of fluorescence polarization and MDA 
formation respectively. The fluidity of membrane was 
found to decrease with increase in fluence of both 
the particle radiations and could be ascribed to 
peroxidative damage. This effect persisted in post¬ 
irradiation period. 68 MeV ‘'’O ions were found to 
be more de trimental compared to 45 MeV ’Li. Since 

Tor correspondence. 


membranes are also considered to be the critical 
targets of radiation action, these findings may have 
significance in understanding the radiobiological effect 
of high linear energy transfer radiation. 

Importance of high linear energy transfer (LET) radia¬ 
tions in the cancer therapy and estimating risks, especially 
in the space flights, has generated lot of interest in 
their radiobiological studies. Extensive work has been 
carried out using various biological endpoints. However, 
very little information is available on the effect of high 
LET radiations on biological membranes, which apart 
from DNA, are considered to be the critical targets of 
the detrimental actions of ionizing radiations. Therefore, 
an attempt was made to study the effect of 45 MeV 
Li and 68 MeV ions in microsomal membranes in 
terms of fluorescence polarization using 1,6-diphenyl- 
1,3,5-hexatriene (DPH) probe which localizes in the 
fatty acyl side chain region of lipid bilayer'. 

Miciosomes were prepared from the liver of Sprague 
Dawley rats (200-250 g body weight) as described by 
Vaishney and Kale^. The animals were maintained in 
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the University Animal House. Water and food were 
provided ad libitum. 20 ml of microsomes (0.6 mg 
protein/ml) was taken in specially made sample holders 
which were kept on a magnetic stirrer. It was irradiated 
at atmospheric pressure with different fluences of 45 
MeV ^Li and 68 MeV '*^0 ions at the Radiation Biology 
beam line of the 15 UD Pelletron at the Nuclear Science 
Centre, New Delhi. The energies were measured at the 
sample site using silicon surface barrier detectors. The 
LET values were found by TRIM calculations using 
water as model system. Theoretically derived depth-LET 
profiles for both the ions are shown in Figure 1 a and 
b. The Bragg peak is seen at 436 pm and 86 pm for 
45 MeV ^Li and 68 MeV ions respectively, 

2mM DPH was prepared in tetrahydrofuran. 100 pi 
of it was added to the 100 ml of rapidly stirring Tris-HCl 
buffer (10 mM, pH 7.4). Irradiated microsomes (0,6 mg 
protein/ml) were incubated with 2pM DPH for 30 min 
at room temperature (25°C). Unirradiated microsomes 
served as control. Fluorescence polarization was measured 
by excitation with vertically polarized monochromatic 




Figure 1. Depth (pm)-LET (keV/pni) profile of (a) 45 MeV ^Li and 
(/>) 68 MeV charged particles. 


light at 365 nm and the emission intensity was measured 
at 432 nm (slit 10 mm each) through a polarizer oriented 
either parallel or perpendicular to the direction of 
polarized excitation light. The degree of fluorescence 
polarization was calculated according to Haggerty et 
aL\ 

Lipid peroxidation was determined by the thiobarbituric 
acid (TBA) method and expressed in terms of malon- 
dialdehyde (MDA) formed per mg protein^. Microsomes 
containing 0.6 mg protein in 2 ml were mixed with 
0.5 ml of 30% TCA and 0.5 ml of 52 mM TBA, and 
incubated in water bath for 45 min at 80°C. They were 
cooled and centrifuged at 3,000 rpm. The absorbance of 
clear supernatant was measured at 531.8 nm. Microsomal 
protein concentration was determined by Lowry et a/.’s 
method"^ using bovine serum albumin as standard. The 
significance of difference in the quantitative data was 
statistically evaluated using the Student’s t-test. 

The fluorescence polarization has proven to be one 
of the most sensitive, reproducible and convenient means 
of probing the fluidity and the organization of membrane^. 
The results are shown in the Table 1. When microsomes 
irradiated with 45 MeV "^Li and 68 MeV '^O charged 
particles (8 x 10^ - 3 x 10^ p/cm^), the fluorescence po¬ 
larization was found to increase significantly with fluence 
of both the particle radiations. Since, the fluorescence 
polarization is inversely proportional to the fluidity of 
membranes, our findings suggested that the high LET 
radiation caused the more close packing of membranes 
making it more rigid probably as a result of peroxidative 
damage which is known to shorten the fatty acyl chain, 
induce peroxides and aldehydes in the hydrocarbon 
region, remove unsaturation and induce cross linking 
among the lipid and protein molecules. To confirm this 
possibility, we have studied the lipid peroxidation under 
similar irradiation conditions. 45 MeV ^Li and 68 MeV 
‘^’O ions (8 X 10^’- 3 X 10^ p/cm^) were also found to 
increase lipid peroxidation significantly with fluence 
(Table 2). It was observed that 68 MeV charged 
particles induced more change in the membrane char¬ 
acteristics than 45 MeV ^Li particles. More effectiveness 
of particles than ^Li could be attributed to their 
differences in the energy distribution profiles, which 
showed that LET of 68 MeV ions was three times 
more than 45 MeV ^Li. It is important to note that the 
fluences used in the present study are comparable to 
those used in the radiation therapy of cancer (e.g. 
is used in the range of 10^-10^ ions/spill at SIS, GSI, 
Darmstadt)^’. Although exact values are not available, it 
is estimated that the total fluence of the protons in 
space (which are the most abundant charged particles) 
is 10^ to per year which is close to the above-men¬ 
tioned range’. However, it is clear that in terms of flux, 
values used in this experiment and those used for therapy 
are in the same range. 
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Table 1. Effect of charged particles on fluo rescence polarization in tnicrosomes 

Time (h) 


Fluence (p/cm^) 

0 

3 

6 

12 



45 MeV ’Li 



Control 

8 X 10* 

1 X 10’ 

2x10’ 

3x10’ 

0.145 ± 0.0023 
(100 ± 1.58) 
0.154 + 0.0023" 
(106 ± 1.58) 

0.155 ± 0.0008" 
(107 ±0.55) 

0.160 ± 0.0008" 
(111 ±0.55) 

0.165 ± 0.0023" 
(1I4± 1.58) 

0.162 ±0.0014" 

(112 ±0.96) 

0.180 ±0.0017"’‘' 
(124± 1.17) 

0.185 ±0.0026"’" 

(127 ± 1.79) 

0.189 ±0.0012*"' 

(130 ±0.82) 

0.190 ± 0 . 0011 '''" 

(131 ±0.76) 

0.197 ± 0.0037" 
(135 ±2.55) 

0.200 ± 0.0035" 
(138 ±2.41) 

0.206 ± 0.0026'' 
(142 ±1.79) 

0.205 ±0.0017'' 
(141 ±1.17) 

0.205 ± 0.0023" 

(141 + 1.58) 

0.200 ± 0 . 0008 '' 

(138 ±0.55) 
0.210±0.0012"''' 
(145 ±0.82) 
0.217 ± 0.0006*''' 
(149 ±0.41) 

0.218 ±0.0014"'"' 
(150 ±0.96) 

0.218 ± 0.0008*’'' 
(150 ±0.55) 

8 X 10* 

1 X 10’ 

2x 10’ 

3x 10’ 

0.201 ±0.0023* 
(138 ± 1.58) 

0.207 ± 0.0014* 
(142 ±0.96) 

0.208 ±0.0014* 
(143 ±0.96) 

0.2! 7 ± 0.0023* 
(149± 1.58) 

68 MeV '*0 

0.206 ± 0.0020* 

(142± 1.38) 

0.214 ± 0.0026* 

(147 ±1.79) 

0.217 ±0.0011*'" 

(149 ±0.76) 

0.232 ± 0 . 0023 '’'" 
(160±1..58) 

0.210 ±0.0023" 
(144±1.58) 

0.216 ±0.0017"'" 
(148 + 1.17) 

0.218 ± 0 . 0017 "'" 

(150± 1.17) 

0.226 ± 0.0028"'" 
(155 ± 1.93) 

0.263 ± 0.0077*’'' 
(181±5.31) 

0.271 ±0.0020*'"' 
(186 ± 1.38) 

0.275 ± 0.0023*’'' 
(189± 1.58) 

0.279 ± 0.0014*’'' 
(192 ±0.96) 


atoinr/ain': percentage of the 

‘ ^ < 0.001 are significantly different from respective unirradiated controls T< 0 O'iTnd"p < 0 Oo'l^ar^ 

Sr unirradiatecVirradiated values at zero hour.’sE for 

_2- Effect of charged particles on lipid peroxidation in microsomes 


Time (h) 


Fluence (p/cm^) 


0 

3 

6 

12 


45 MeV ^Li 



3.15 ±0.057 
(I00±1.80) 

3.54 ± 0.052" 
(112± 1.65) 

3.85 ± 0.069" 
(122±2.19) 

4.34 ± 0.052* 
(137± 1.65) 

4.73 ±0.127" 

(150 ±4.03) 

6.74 ±0.046'' 

(213 ± 1.46) 

7.42 ±0.115"’"' 

(235 ±3.65) 

7.81 ±0.098"''' 

(247 ±3.11) 

8.53 ±0.151"’'' 

(270 ±4.79) 

9.05 ±0.138'’’'' 

(287 ±4.38) 

9.08 ± 0.069"' 

(288 ±2.19) 

9.01 ±0.155'' 

(286 ±4.92) 

9.25 ±0.127'' 

(293 ± 4.03) 

9.57 ± 0.063"’"' 
(303 ±2.00) 

9.78 ± 0.086"'"' 

(310 ±2.73) 

9.68 ± 0.098'' 
(307 ±3.11) 
9.74 ± 0.080'' 
(309 ± 2.53) 
9.93 ±0.115'' 
(315 ±3.65) 
9.97 ±0.144'' 

(316 ±4.57) 
10.25 ±0.161"’'' 
(325 ±5.11) 


68 MeV '*0 



3.72 ± 0.046" 
(118± 1.46) 

4.01 ±0.034" 

(127 ± 1.07) 

4.63 ±0:069* 
(146±2.I9) 

5.07 ±0.150" 

(160 ±4.76) 

7.77 ±0.103"''' 

(246 ±3.26) 

8.26 ±0.075*-'' 

(262 ±2.38) 

9.12 ±0.092*-'' 

(289 ±2.92) 

9.42 ± 0 . 109 '’’'' 

(299 ±3.46) 

9.35 + 0.023“'"' 
(296 ±0.73) 

9.45 ± 0.063“'"' 
(300 ±2.00) 

9.72 ± 0.063“'"' 
(308 ± 2.00) 

10.01 ±0.092"'"' 

(317 ±2.92) 

9.90 ±0.144'' 
(314 ±4.57) 
10.12 ±0.173'' 
(321 ± 5.49) 

10.16 ±0.115"’'' 
(322 ± 3.65) 
10.47 ±0.132"’'' 
(332 ±4.19) 


Control 
8x 10* 
lx 10’ 
2x 10’ 
3x 10’ 

8x 10* 

1 X 10’ 


different from respective unirradiated/irradiated values at zero hour SE for fin.!/ 

between 07 and 17%. nuence measurements range is 
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The importance of post-irradiation effect is well 
recognized. Moreover, due to physiological significance 
it is also important to know whether the effect of 
radiation in the membranes persists or not. Therefore, 
we also studied the changes in the fluorescence polari¬ 
zation and lipid peroxidation of microsomes (incubated 
at 37°C) at 3, 6 and 12 h of post-irradiation period 
(Tables 1 and 2). 45 MeV ^Li and 68 MeV '^’O induced 
change in the fluidity was seen to increase further with 
time which was suggestive of persistence of the radiation 
effect in the post-irradiation period. It might be mentioned 
that the post-irradiation effect was also more in case 
of '^O than *^Li. It may be mentioned that a substantial 
increase in polarization occurred over 12 h for both 
irradiated and unirradiated membranes. However, there 
was small but consistent lower rate of change in 
polarization with 45 MeV "^Li and 68 MeV '^O ions in 
post-irradiation period. Similar pattern was also seen in 
lipid peroxidation. Being a chain reaction, lipid peroxi¬ 
dation is continued mainly due to its propagation. Since 
initiation of lipid peroxidation is faster than propagation, 
free radicals involved in propagation get accumulated. 
An accumulation of these free radicals in irradiated 
membranes is expected to be more, leading to enhance 
the possibility of their recombinations which makes them 
non-available for their propagation^ Therefore, the rate 
of lipid peroxidation and in turn polarization in 
post-irradiation period is likely to slow down slightly 
in irradiated microsomes. 

In conclusion, our results suggest that exposure to 


the 45 MeV ^Li and 68 MeV charged particles lead 
to the change in the fluidity. This change in the membrane 
property increased with post-irradiation time. It is quite 
possible that these high LET radiations might have 
induced close packing and highly constrained motions 
of hydrophobic interior of membrane leading to decrease 
in its fluidity. As importance of high LET radiation in 
cancer therapy and estimating the risks in the space 
flight, these findings may have significance from the 
radiobiological studies point of view. 
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Regeneration of late leaf 
spot-resistant groundnut plants from 
Cercosporidium personatum culture 
filtrate-treated callus 
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Cotyledon callus cultures of groundnut {Arachis hy- 
pogaea L.) derived from tikka late leaf spot 
disease-susceptible and resistant genotypes were 
exposed to various concentrations of fungal culture 
filtrate (FCF) of Cercosporidium personatum^ the 
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causal fungal agent of tikka late leaf spot disease. 
Fresh weight and cell viability of calli were determined 
after exposure to various concentrations of FCF. 
Sensitive calli have failed to increase in fresh weight 
and lost viability after exposure to media containing 
the FCF whereas insensitive calli retained growth 
and maintained viability similar to controls, viz. calli 
not exposed to FCF. Insensitive calli were selected 
by culturing on growth medium containing various 
concentrations of the FCF. Resistant calli obtained 
by selection survived three subcultures under the 
same conditions and were used for plantlet regen¬ 
eration. Regenerated plants when transferred to soil- 
sand mixture in plastic cups and subsequently shifted 
to field conditions, set few viable seeds. Plants of R 2 
generation exhibited enhanced resistance to tikka late 
leaf spot disease. 

The plant tissue culture technology has potential appli¬ 
cation in the development of disease-resistant plants in 
various crops. Further, the establishment of a host- 
pathogen interaction in vitro permits screening and 
selection for disease resistance at cellular level'. In 
recent years, pathotoxins (fungal elicitors) have been 

61 




RESEARCH COMMUNICATIONS 


identified as agents useful for induction of disease 
resistance and selection of plants in cell culture, and 
the problems involved have been reviewed in detail". 
Subsequently, many investigators have used toxins (crude 
or partially purified), crude extracts of mycelium, and 
culture filtrates (crude or partially purified) in selecting 
disease-resistant plants in several species^'"’. Compounds 
have been isolated from a host of fungal species that 
trigger most or at least some of the plant defense 
reactions. These compounds classified as elicitors were 
covered in a recent review and various aspects related 
to their functions discussed". Phytotoxins have been 
identified from a broad spectrum of pathogens, but their 
actual role in pathogenesis remains poorly understood". 

Among the causal agents of infectious diseases of 
crop plants, phytopathogenic fungi play a dominant role 
not only by causing devastating epidemics, but also 
through the less spectacular, although persistent and 
significant annual crop yield losses that have made 
fungal pathogens a serious economic factor attracting 
the attention of farmers, plant breeders and scientists 
alike . The tikka late leaf spot disease of groundnut, 
caused by the fungus Cercosporidium personatum, is 
almost co-existent with the crop and contributes to 
significant losses in yield throughout the world". Chemi¬ 
cal control has still been the major approach to minimize 
the loss of yield but the development of resistant cultivars 
thiough genetic manipulation would open up new avenues 
to supplement conventional methods". Ramanujam'^ 
studied the phyto-toxic compounds, personatin and CP 
pigments (dothistromin and its derivative) that seem to 
play an important role in pathogenesis. The pathogenicity 
of C. personatum probably results in personatin affecting 
both respiration and permeability of leaf cells, while 
the pigment affects only permeability. For this ’reason, 
we used the fungal culture filtrate (FCF) as the selection 
agent, rather than the purified toxin, in an attempt to 
select resistant callus lines of groundnut. Plant tissue 
cultuie systems allow control of the environment, thereby 
eliminating confounding results incited by other patho¬ 
gens and facilitate observation of the interaction at the 
tissue or cellular level. Tissue culture further facilitates 
screening a large number of genotypes year-round within 
a relatively small space. A protocol that has been widely 
used for the isolation of disease-resistant lines is to 
grow callus in the presence of a FCF. Studies so far 
carried out did not encompass groundnut {Arachis 
nypogaea L.) which is an important oil-seed crop. 

Of the two groundnut cultivars chosen for the present 
study, VRI-2 is susceptible whereas TMV-7 is resistant 
to the tikka late leaf spot disease. Seeds of these cultivars 
were obtained from Tamil Nadu Agricultural University. 
Coimbatore and were surface sterilized, rinsed and ger- 
minated as previously described by Venkatachalam et 
at. . Callus cultures were initiated from sliced cotyle¬ 


donary nodal segments of the seedlings. Cotyledonary 
segments were transferred to Murashige and Skoog 
(MS)"' medium containing B, vitamins", naphthalene- 
acetic acid (NAA) (1.5 mg/I) and kinetin (0.5 mg/1) 
3% (w/v) sucrose and 0.7% (w/v) agar. The pH of the 
medium was adjusted to 5.8 before adding agar and 
sterilized at 121°C with 1.1 kgcm^ pressure for 15 min 
Cultures were maintained under 16 h photoperiod at 
24±2°C with SOpEm'^s’’ light intensity. Proliferating 
callus cultures were transferred to fresh MS medium 
containing the same supplements at four weeks interval. 

The fungal isolates of C. personatum were obtained 
from International Crops Research Institute for the Semi- 
Arid Tropics (ICRISAT), Patancheru. India. Axenic cul¬ 
tures of the fungal isolates were maintained on Czapek’s 
dextrose agar (CDA) medium at 20±2°C in the dark 
and were routinely transferred to fresh medium every 
two weeks. Fungal culture filtrates of C. personatum 
isolates were prepared from liquid cultures and the 
inoculum used was obtained from 4-day-old stock cul¬ 
tures. Czapek’s liquid medium (100 ml) in 250 ml 
Erlenmeyer flask was autoclaved at 121 °C with 1.1kg 
cm pressure for 15 min. Each flask of sterile medium 
was inoculated with 5 mm dia mycelial plugs. Liquid 
cultures were incubated at 24±2°C in the dark on a 
lotatory shaker (80rpm) for two weeks. Later the fungal 
cultures were passed first through filter paper to remove 

using a membrane 
of 0.45 pm pore size. The pH of the FCF was adjusted 
to 5.8 with IN HCl. To avoid thermal degradation of 
toxic compounds in the FCF, it was added to the 
autoclaved medium at 40°C. 


The FCF was added to MS medium at different 
concentrations, viz. 0, 25, 50, 75 and 100% (v/v) The 
media were dispensed into sterile petri plates. Control 
plates contained either the uninoculated FCF-containing 
medium or sterile distilled water at the same concen- 
h-ations. Calli (about 500 mg) were placed and incubated 
in the dark at 24 ± 2°C for 60 days. Fresh weights were 
obtained from 10 plates per treatment and each experi¬ 
ment was repeated thrice. The viability of the callus 

2,3,5-triphenyl-tetrazolium 

chloride (TTC)'* assay. 


... ^ - V/IJLW llCiOli tUCUlcl 

with FCF after 60 days of culture initiation. Plant 
regeneration was achieved on MS medium containing 
B, vitamins 0 5 mg/1 NAA and 2.0 mg/1 6 benzylami- 
nopiurine ( AP). Regenerated shoots were rooted on MS 

O'" NAA (2.0 mg/1) and kinetin 
(0.2 mg/1). Plantlets were established initially in plastic 
cups containing red soil and sand in the ratio M Plants 
recovered from both culture filtrate-sensitive (susceptible) 
and culture filtrate-insensitive (resistant) calli were trans- 
erred to the field for further evaluation. A suspension 
0 spores of the fungus was sprayed on these plants 
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and disease severity was rated using the rating scale of 
Raguchander et aL^''\ based on the proportion of diseased 
leaf tissue. Disease symptoms and plant growth stage 
were evaluated at least once a week for eight weeks. 
Reactions of individual regenerants to C. personatum 
were classified into six groups based on the percentage 
of diseased leaf area as follows: highly resistant (0-10%), 
resistant (11-20%), moderately resistant (21-40%), 
moderately susceptible (41-50%), susceptible (51-60%) 
and highly susceptible (61-100%). 

Cotyledonary nodal segments cultured on MS medium 
containing NAA (1.5 mg/1) and kinetin (0.5 mg/1) gave 
the best response in terms of callus growth. Repeated 
subcultures were necessary to obtain homogeneous callus 
lines that were Iriable and greenish. The fresh weight 
of the callus was tested with various concentrations of 
FCF (0, 25, 50, 75 and 100% v/v). Table 1 shows the 
inhibition of tissue growth (as percentage of control 
weight) of susceptible cultivar grown on media at dif¬ 
ferent concentrations of FCF. Final fresh weight of 
callus decreased as FCF concentration increased. The 
intensity of growth inhibition depended on the concen¬ 
tration of FCF used. Growth inhibition was less severe 
with 25% FCF concentration. Callus growth was also 
reduced significantly (F*<0.05) compared with control 
when 50 or 75% of the FCF was added. At higher 
concentration (100%), growth was significantly {P < 0.05) 
affected when compared with other FCF concentrations. 
The callus fresh weights of the resistant cultivar were 
not significantly {P < 0.05) decreased as a result of 
increased concentration of the FCF in the medium. The 
fresh weights as well as the growth, on the other hand, 
increased significantly (P < 0.05) in the presence of FCF. 
Similar results were reported in elm also by Pijut et 
aL\ I 

Van Asch et reported that the callus of the 
control treatment and of that grown at the lowest 
concentration of fungal toxin looked healthy and 
increased in size considerably whereas the calli treated 
with the highest toxin level showed a brown colour 
with no visible growth. We demonstrate that a reduction 
in the callus growth of a susceptible cultivar occurs 


Tabic 1. Effect of different concentrations of fungal 
culture filtrate of C. personatum on the fresh weight 
increase of groundnut callus after six weeks of incubation 


Filtrate 
(% v/v) 

Callus fresh weight (g) 

Susceptible 

Resistant 

0 

2.56 ± 1.2" 

2.65 ±1.4" 

25 

2.12+ 1.1" 

2.80 ± 1.3" 

50 

1.58 ±0.9" 

2.97 ± 1.6" 

75 

0.81 ±0.4'/ 

3.26± I.5‘' 

100 

0.51 ± 0.2" 

2.83+ 1.2" 


Means followed by same letter are not statistically different 
according to Duncan’s new multiple range test (P<0.05). 


when the culture medium is amended with a cell-free 
FCF. This decrease in callus fresh weight was the result 
of the presence of toxic metabolites in the FCF. The 
dose-dependent inhibition of growth of callus cultures 
caused by the FCF was very similar. Earlier, the toxic 
effect of the culture filtrate of Fusarium oxysporum on 
in vitro grown cultures of alfalfa^ tobacco“^ muskmelon^^ 
and that of Ceratocystis ulmi on elm*^ had been inves¬ 
tigated. The effect of toxin from culture filtrates of 
Alternaria solani on the growth of cell suspensions of 
‘host’ and ‘non-host’ crop species has been examined 
by Handa et alP. They found that the toxin-inhibited 
growth and that the cells of the ‘host’ species were 
more sensitive to the toxin than those of ‘non-hosts’. 

A decrease in cell viability (as measured with the 
tetrazolium assay) of the susceptible calli was observed 
when callus cultures were exposed to the FCF (Table 
2). As the concentration of FCF was increased in the 
culture medium, a significant (P<0.05) decrease in cell 
viability was noted. The FCF decreased the cell viability 
(sensitive lines) right from the lowest concentration and 
complete inhibition was recorded at 100% of the FCF 
concentration. Culture filtrate-insensitive (resistant) calli, 
nevertheless, maintained normal cell viability. Therefore, 
this screening procedure may also be useful in performing 
cellular selection for putative tolerance to the toxin. 
Similar results were also recorded in elm by Pijut et 
al\ 

Culture-filtrate sensitive (susceptible) as well as 
insensitive (resistant) calli were transferred to MS 
medium supplemented with 0.5 mg/1 NAA and 2.0 mg/1 
BAP for shoot bud regeneration. Elongated shoots (> 3 
cm long) were rooted on MS medium containing IBA 
or lAA. The rooted plantlets were subsequently trans¬ 
ferred to soil-sand mix in plastic cups (Figure 1) and 
later established in the field where 60-70% of them 
survived and resumed growth to maturity. The progeny 
of 144 plants was tested with pathogen inoculation for 
their response to infection. Eighty five plants were tested 
from the resistant cultivar and 59 from susceptible 
cultivar. When screened under artificial conditions, 12 
plants exhibited high resistance in both the cultivars. 


Table 2. Effect of C. personatum culture filtrate on 
cell viability (TTC assay) in susceptible (sensitive) and 
resistant (insensitive) calli of groundnut 


Filtrate 
(% v/v) 

Susceptible 

(sensitivie) 

Resistant 

(insensitive) 

0 

0.69 (100)" 

0.68 (100)" 

25 

0.58 (84.1)/^ 

0.65 (95.6)"/’ 

50 

0.40 (57.9)" 

0.68 (100)" 

75 

0.21 (30.4)'/ 

0.64 (94.1)"/’ 

100 

0.00 (0.0) 

0.67 (98.5)" 


Figures in parentheses indicate percentage of control of cell 
viability. Means followed by same letter are not statistically 
different according to Duncan’s new multiple range test 
(7^ <0.05). 
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Figure 1. Isolalion of callus and regeneration of plants from fungal culture filtrate-treated 
r^hnnM groundnut, a, Vigorously growing culture filtrate-insensitive calli- 

fiitrn^rnTnc^^ '^’r °ir filtfate-sensitive calli; c, Regeneration of plants from culture 

so iTnnd mix'^ Regenerated plant established in 


Results are shown in Table 3. About 16.9% and 21.2% 
of the progeny of susceptible and resistant cultivars 
respectively have acquired resistance to Cercosporidium 
late leaf spot disease whereas none of the control plants 
of these cultivars showed resistance. Seeds of the resistant 
R, generation gave a progeny (R,) that exhibited enhanced 
resistance when subjected to pathogen inoculation. Our 
lesults clearly indicate that the resistance shown by 
these plants was heritable. This approach of generating 
disease resistance raises a question whether the trait 
acquired is due to a mutation or somaclonal variation. 
Many plant species earlier have been selected for disease 
resistance using culture flltrates®-^^^ or partially purified 
toxins"’--'*. No phenotypic variation was reported from 


the progeny of selected regenerants. Selection of dis- 
ease-iesistant plants without other apparent mutations 
has been accomplished in rice by short-term exposure 
of calli to Helminthosporium oryzae toxin followed by 
legeneration on toxin-tree medium^^. The present study 
helps us conclude that the sensitivity of the cultured 
cells to the FCF of C personatum is related to the 
susceptibility of the groundnut regenerants to the patho¬ 
gen and the selection system using the FCF of C. 
personatum produced tikka late leaf spot disease-resistant 
plants. The present study further demonstrates recovery 
of lesistant plants to a specific disease in groundnut 
through tissue culture technology. Similar reports were 
published in other crop species. Potato plants resistant 

CURRENT SCIENCE, VOL. 74, NO. 1, 10 JANUARY 1998 


64 





RESEARCH COMMUNICATIONS 


Table 3. Disease response to the pathogen (C. personatiim) in plants regenerated from fungal 
culture filtrate-treated groundnut cell cultures 


Filtrate 

(%) 

No. of 
plants 
tested 


Disease 

reaction spectrum 



HR 

R 

MR MS 

S 

HS 

Susceptible cultivar 

0 (control) 

15 

- 

_ 

2 

2 

6 

5 

25 

14 

- 

1 

3 

3 

3 

4 

50 

17 

2 

2 

2 

2 

3 

6 

75 

13 

2 

3 

2 

1 

2 

3 

100 

- 

_ 

_ 

_ 

— 

_ 


Total 

59 

4 

6 

9 

8 

14 

18 

Resistant cultivar 

0 (control) 

14 

_ 

_ 

I 

3 

4 

6 

25 

16 

1 

2 

2 

3 

4 

4 

50 

20 

2 

3 

3 

3 

4 

5 

75 

18 

2 

2 

4 

3 

3 

4 

100 

17 

3 

3 

4 

3 

2 

2 

Total 

85 

8 

10 

14 

15 

17 

21 

HR-Highly resistant; R-Resistant; 

MR-Moderately 

resistant; 

MS-Moderately susceptible; 

S-Susceptible; 

HS-Highly susceptible. 


to Fusarium oxysponmr\ tobacco resistant to Alternaria 
alternato^ and rice resistant to Pyricularia oryzae^^ have 
been identified among regenerants from cells which 
showed resistance to the culture filtrate of the respective 
pathogens. 

Although some of the more general elicitors of fungal 
cultures such as oligo-A^-acetylglucosamines and oligo- 
galacturonates are active in several plants, others appear 
to be species-specific including groundnut. The most 
extensive data are available for two different elicitors 
from Phytophtora sojae-'\ A glycoprotein derived from 
culture filtrates of this fungus induces many defense 
reactions in suspension-cultured cells. In the most 
common model, elicitor activity is explained by its 
binding to a specific cell surface-localized plant receptor 
that initiates a defense-related transduction cascade. 
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Biochemical analysis and skin 
sensitivity test of the allergenic 
pollen of Datura metel L. 

Sanjukta Parui and Sudhendu Mandal 

Department of Botany, Visva-Bharati, Santiniketan 731 235, India 

Biochemical analysis in the form of quantitative 
estimation of carbohydrates, lipids, proteins and free 
amino acids and also identiHcation of free amino 
acids by paper chromatography and thin layer chro¬ 
matography of the pollen of Datura metel were per¬ 
formed. The protein profile was studied by SDS-PAGE 
and skin prick tests were performed with the pollen 
antigen of this plant. 29% of respiratory allergic 
patients showed positive response. 


The seriousness of allergic diseases in India began tc 
be appreciated in the sixties as more than 10% of the 
population were estimated to suffer from major allergic 
disorders'. Aerial surveys of pollen and fungal spores 
have since been considered to be an essential aspect of 
the study of respiratory allergic diseases, as the role of 
pollen and fungal spores in causing respiratory disorders 
has been greatly recognized. However, in case of pollen, 
greater attention was given to anemophilous pollen by 
the aerobiologists, with the entomophilous pollen being 
neglected in their routine aeropalynological survey 
because of their rare occurrence. Contrary to this belief, 
recent surveys have reported the presence of entomo¬ 
philous pollen from the air-spora^-'‘'. According to 
Gregory'^ pollen grains tend to be distributed in dense 
concentrations around their sources and therefore tend 
to be local occurrence. This is seen more in case of 
entomophilous pollen, which remain in high concentra¬ 
tions in air near the source plants 
Datura metel L., an entomophilous plant, is one of 
the species of Solanaceae which is widely distributed 
in West Bengal, covering large areas of wastelands and 
road sides. Despite the production of abundant quantities 
o pollen, this plant has generally not been considered 
to be a serious allergenic hazard because of its entomo¬ 
philous nature. However, the pollen of this plant has 
been reported in the air by several workers" '’-'" and 
Its allergenic potency has been proved" '’. In the present 
investigation, biochemical analysis in the form of quan¬ 
titative estimation of carbohydrates, lipids, proteins and 
free ammo acids, as well as identification of free amino 
acids by paper chromatography and thin layer chromato¬ 
graphy (TLC). of the pollen D. metel was done to 
understand its chemical composition. Chemically the 
aeroallergens possess proteins, glycoproteins, lipoproteins 
or less often polysaccharides" ’". The protein-profile was 
studied by SDS-PAGE and skin prick tests were per¬ 
formed with the pollen antigen of this plant. 


Pollen grains were collected in bulk from the plant 
growing in and around Santiniketan, located about 160 kn 
north-west of Calcutta and adjoining places of Birbhun 
district, in the morning hours before anthesis and thei 
sun-dried. Pollen grains from dried anthers were sievet 
using different meshes (100, 200 and 300 pm). 

100 mg of pollen sample were ground in a mortar a 
-20°C for 10 min. 5 ml of 2.5 N HCl was added ti 
the resulting frozen powder and hydrolysed by keeping 
on a boiling water bath following Sadasivam anti 
Manickam’', cooled, neutralized with sodium carbonate 
and then centrifuged. The quantity of carbohydrate was 
determined by the method of Morris”. 

Lipids were extracted with chloroform ; methanol 
(1:2 v/v) mixture and shaken with 0.9% NaCl to remove 
non-lipid contaminants’-’. The solvent layer was dried 
in vacuum and total amount of lipid weighed following 
the method of Itoh and Kaneko’'*. 

500 mg of pollen were crushed and homogenizetl with 
5-10 ml of 0.5 M Tris buffer (pH 7.4) and centrifuged 
at 15,000 g for 25 min at 4°C. The supernatant was 
used for protein estimation by the method ol' Lowrv et 
al.-\ 


The free amino acids were extracted and quantilied 
following the method of Sadasivam and Manickanr'. 
Amino acids were extracted with 80% ethanol and 
quantified using ninhydrin solution as colouring reagent, 
with OD of the purple colour read at 570 nm against 
a reagent blank. 

Paper chromatography was done on Whatman No. I 
filter paper with n-butanol : acetic acid : water (4:1:5 v/v) 
as eluant and 0.4% ninhydrin in acetone as spraying 
reagent’'. 

Free amino acids were chromatographed on DC- 
Alufolien Kieselgel 60 aluminium sheets (Merck) using 
n-butanol: acetic acid : water (80 : 20 : 20 v/v) as the sol¬ 
vent system and 0.1% ninhydrin in acetone was used 
for detection of the amino acids. 

The protein sample was boiled with equal amount of 
sample buffer [0.06 M Tris HCl (pH 6.8), 1% SDS, 
10% sucrose, 0.5% /?-mercaptoethanol, 0.01% bromo- 
phenol blue] at 100°C for 3 min. 10 pi of the sample 
containing 74 pg of protein was loaded in the well of 
a 10% mini-gel (8x7 cm gel) and the gel was run 
using Laemmli buffer system’". The gel was calibrated 
with a marker protein (molecular weight range-29 kD 
to 205kD) obtained from Sigma, USA. 0.1% Coomassie 
brilliant blue R 250 was used for staining the gel after 
electrophoresis and destained with methanol : acetic 
acid : water (4:1:5) mixture. 


Q, - iT -j- —- LU Luc; mcLiiou 

Sheldon et air were tested on 98 patients sufferi 
from naso-bronchial allergy as well as healthy volunte 
at Calcutta Medical Research Institute, Calcutta. Negati 
and positive controls were also performed. The negati 
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control was the buffer saline in which the allergen was 
resuspended and positive control was histamine acid 
phosphate injection diluted with buffered saline to 
1 : 10,000, i.e. 1 |Lig of histamine acid phosphate. Results 
were recorded after 15 to 20 min and depending on the 
wheel diameter, the tests were graded 1+ to 4+. 

The pollen of D. metel was found to contain a high 
level of protein (22.0%) and a low level of free amino 
acids (0.81%) and lipids (6.3%) (Figure 1). The carbo¬ 
hydrate level was found to be 13.2%. Stanley and 
Linskens^” reported the protein level in pollen ranging 
between 5.9% and 28.3% of pollen residue. Thus protein 
level of 22% in the pollen of D. metel is quite high 
when compared to this. 

Seven types of free amino acids were detected in the 
pollen of D, metel apart from two other unknown amino 
acids which could not be identified. The seven amino 
acids present in the free form included amino-/^-butyric 
acid, arginine, aspartic acid, glutamic acid, isoleucine, 
methionine and proline (Table 1, Figure 2) among which 
proline was present in highest amount as has been 
reported earlier in most pollen^". Proline is used by 
pollen during growth, possibly in tube or wall protein 
formation, or in a more fundamental metabolic reaction 
associated with the sexual process^^ The other major 
amino acids are amino-n-butyric acid and arginine. 



Figure 1. Biochemical composition of the pollen of D. metel. 


Tabic 1. Free amino acid composition of the 
pollen of D. metel 


Amino acid 

pmoles/ing dry wt 

Amino-/i-butyric acid 

0.142 

Arginine 

0.168 

Aspartic acid 

0.030 

Glutamic acid 

0.018 

Isoleucine 

0.100 

Methionine 

0.064 

Proline 

0.216 

Unknown 

0.068 


The protein profile of D. metel by SDS-PAGE revealed 
12 bands (Figure 3) between the molecular weight range 
of 18kD and 127.2 kD. These bands were designated 
as DM1 to DM12. Among these, the most prominent 
bands were DM3 (87 kD), DM6 (59.4 kD), DM9 (40.5 
kD) and DM11 (31.6 kD). DM1 (127.2 kD), DM2 (97.4 
kD), DM8 (49.8 kD) and DM12 (18 kD) were present 
as faint bands. 

The skin prick tests with the antigen of D. metel 
revealed 29% of the patients to be positive. Out of 98 
patients tested, 58 were male and 40 were female. 
Sixteen patients had rhinitis only and the remaining had 
bronchial asthma alone or with rhinitis. The patients 


0.25/1 



Arriino acids 


Figure 2. Free amino acid compo.sition of llie pollen of D. metel. 
(1) Amino-/7-butyric acid, (2) arginine, (3) aspartic acid, (4) glutamic 
acid, (5) isoleucine, (6) methionine and (7) proline. 



''' 


Figure 3. SDS-PAGE of pollen extract of D. metel (a) represents 
marker proteins (/; and c) contain 60 pg and 74 pg of 0-80% ammonium 
sulphate pellet fraction of crude homogenate. It represents DM1 to 
DM12. 
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Table 2. Results of skin tests against the antigen of D. rnetel 



Total 

number 


Patients (%) 



Normal persons (%) 

Antigen tested 

of tests 

Negative 

1 + 

2 + 

3 + 

4 + 

Negative 

1+ 2 + 

Datura rnetel 

98 

71.0 

16.3 

10.6 

2.1 

0.0 

90 

10 0 


Table 3. Age-wise distribution of patients who showed 
positive skin response to D. rnetel pollen antigen 


Age group 

Male 

Female 

Total 

I-IO 

1 


1 

11-20 

2 

2 

4 

21-30 

4 

1 

5 

31-40 

5 

4 

9 

41-50 

2 

2 

4 

51-60 

3 

2 

5 

Total 

17 (60.7%) 

11 (39.3%) 

28 (100%) 


tested were between the age group of 9 and 56 years. 
Tables 2 and 3 give the results of the skin tests. Of 
the 29% patients showing positive response, 16.3% 
gave 1+ reaction, 10.6% gave 2+ reaction and 2.1% 
gave 3 + reaction. 4 + reaction was observed in none 
of the patients. 

The pollen of D. rnetel thus reveals a high level of 
proteins (22%) and high level of proline, amino-n-butyric 
acid and arginine. SDS-PAGE of protein of the pollen 
showed 12 bands between molecular weight range of 
18 kD and 127.2 kD. Results of skin tests showed 
positive response in 29% patients with 16.3% patients 
giving 1+ reaction, 10.6% giving 2+ reaction and 2.1% 
showing 3+ reaction. Although there are earlier reports 
of allerp of D. rnetel pollen, the present observation 
concerning perceptions of cause of respiratory allergy 
due to D. rnetel pollen supports the notion that D. rnetel 
should not be dismissed as a serious allergen. 
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Methyl farnesoate stimulates ovarian 
maturation in the freshwater crab 
Oziotelphusa senex senex Fabricius 

P. Sreenivasula Reddy and R. Ramamurthi 

Department of Biotechnology, Sri Venkateswara University, 

Tirupati 517 502, India 

Methyl farnesoate stimulation of ovarian maturation 
in the crab, Oziotelphusa senex senex is demonstrated. 
Greater mean oocyte diameter and mean ovarian 
indices of the crabs that received methyl farnesoate 
provide evidence that methyl farnesoate acts as a 
reproductive hormone in Crustacea. 


Since the discovery of the mandibular organs (MO) in 
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decapod Crustacea by Le Roux‘, attempts to determine 
the function of these glands have been made by several 
authors^, but the results were not conclusive. Methyl 
farnesoate (MF) is a terpenoid compound synthesized 
by the mandibular organs^’^ and secreted into the 
hemolymph. MF is an unepoxidated juvenile hormone 
(JH III) and is found in the blood of several insects 
and crustaceans'^. In insects JH is a gonadotropin in the 
adult stage. The target tissues for MF in Crustacea have 
remained elusive, although it has a role in molting. 
Implantation of MO leads to a shortening of molt cycle 
in Penaeus setiferus^ and Caridina denticulata^. Tamone 
and Chang^ demonstrated stimulation of ecdysteroid 
secretion by isolated Y-organs of the crab, Cancer 
magister, when incubated with a MO. 

The evidence supporting a role for MF in the regulation 
of crustacean reproduction is increasing. Implantation of 
MO into female juvenile Libinia emarginata causes 
premature vitellogenesis^ Secretory output of MF from 
MO is high in animals undergoing oocyte development^’ 

In the present study, we demonstrate the stimulation of 
ovarian maturation by MF in the freshwater crab, 
Oziotelphusa senex senex, 

Indian rice field crabs, Oziotelphusa senex senex Fab- 
ricius, were collected from paddy fields in and around 
Tirupati (Andhra Pradesh, India) and maintained in the 
laboratory at 25 ± UC in freshwater tanks. They were 
acclimatized to laboratory conditions (12: 12 L: D) for 
at least 10 days before being used in experiments. Only 
intermolt (stage C^)'* crabs with a 30-32 mm carapace 
width and weighing 30-32 g were used. During the 
experimental period, the crabs were fed on sheep meat 
ad. libitum. 

The crabs were divided into three groups of thirty 
animals each. The first group, which served as initial 
control and did not receive any treatment, was sacrificed 
on the first day of the experiment. The second group, 
which served as a concurrent control, was treated the 
same as the experimental group, but received injections 
of physiological saline‘^ through the arthrodial membrane 
of the coxa of the third pair of walking legs. The third 
group received MF at a dose of 16 ng/crab in 100 |il 
volume. Reddy‘S found that the hemolymph volume (ml) 
of the crab Oziotelphusa is 27% of body mass. The 
calculated hemolymph volume for 30 g crab used was 


8.1 ml. The circulating concentration of MF in Scylla 
serrate was 2ng/ml hemolymph^. To mimic the physio¬ 
logical concentration of MF, the crabs were injected 
with 16 ng of MF/30g crab. Injections were given on 
the first, seventh and fourteenth day and were sacrificed 
on day 21. No deaths occurred in experimental or in 
control groups. 

After sacrifice, the crabs were weighed and their 
ovaries removed. The ovaries were weighed and fixed 
in Bouins fluid. After 24 h of fixation, the ovaiies were 
dehydrated through an alcohol series and then embedded 
in paraffin. Sections of 7 |am thickness were cut and 
stained with hematoxylin and counter-stained with 
eosin^'^. Ovarian indices were determined using the stand¬ 
ard formula: 


Ovarian index = 


Wet weight of the ovary 
Wet weight of the crab 


xlOO. 


The diameters of fifty oocytes (\xm) in each ovary were 
determined with the aid of a compound microscope and 
ocular micrometer. 

In Oziotelphusa the immature ovary is white, whereas 
the mature ovary is orange red. The oocytes of the 
initial control crabs were in the immature stage (white 
in colour). The ovaries of the crabs that received MF 
had entered the late vitellogenic stage (orange red in 
colour). MF-injected crabs had a much larger mean 
ovarian index than that of the simultaneous control 
(Table 1). The mean oocyte diameters of the crabs that 
received MF were significantly greater than the corres¬ 
ponding value for the initial control value and concurrent 
control value. The mean oocyte diameter and mean 
ovarian index of the concurrent control crabs were 
slightly, but not significantly, larger than the correspond¬ 
ing values for the initial control crabs, showing that 
only a small amount of ovarian growth had occurred 
during the experimental period in the crabs injected with 
saline alone. The present results demonstrate that MF 
accelerates ovarian maturation in crabs. Previous studies 
have only correlated increased MF synthesis rates by 
the MO with developing ovaries^"^’”’’*^ 

Ovarian development in crustaceans is regulated by 
two neurohormones, the gonad inhibiting hormone (GIH) 
from the X-organ-sinus gland complex in the eyestalks 
and gonad stimulating hormone (GSH) from the brain 


Table 1. Ovarian colour, ovarian index and oocyte diameter of the crab, Oziotelphusa 
senex senex after 21 day.s of different experimental conditions 


Group 

Ovarian index 

Oocyte diameter 
(fim) 

Colour of the ovary 

Initial control 

1.7 ±0.09 

200120 

White 

Concurrent control 

2.010.11 

230127 

White 

MF-injected 

3.910.18**' 

950127* 

Orange red 


Values are mean ± SD of 30 individual crabs. 
*P< 0.001. 
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and thoracic ganglia’^"*^ GIH has been the primary 
regulator of ovarian growth in Oziotelphusa^^\ Eyestalk- 
ablated crustaceans show accelerated ovarian growth^^’^^^ 
and increased MF levels in hemolymph^’’^^. The stimu¬ 
latory action of MF on ovarian maturation could have 
been due to stimulation of GSH synthesis and release 
or inhibition of release of the GSH antagonist (GIH) 
or direct action of MF on ovary. It is not yet known 
how hemolymph levels of GIH and GSH change during 
the reproductive cycle of crustaceans, since a sensitive 
assay for GIH and GSH does not exist. It could be 
that all the three hormones (GIH, GSH and MF) are 
very important in regulating the timing of onset of 
reproduction in crustaceans. Studies are underway in 
this laboratory to test the effectiveness of MF in inducing 
ovarian development and spawning in broodstock females 
of aquaculturally important crustacean species. 
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Ion microprobe zircon 

ages for gneiss-granitoid rocks from 
Bundelkhand massif: Evidence for 
Archaean components 

M. E. A. Mondal, K. K. Sharma*, A. Rahman* and 
J. N. Goswami 

Physical Research Laboratory, Ahmedabad 380 009, India 
'"Wadia Institute of Himalayan Geology, Dehra Dun 248 001, India 

Radiometric ^'”Pb/"'"'Pb ages of individual zircons 
from the Bundelkhand massif, central India, have 
been determined by an ion microprobe. Samples from 
various major litho-units, viz. the granite gneiss, 
hornblende-, biotite- and leuco-granitoid are included 
in this study. The results provide evidence for the 
presence of Archaean crustal components within this 
massif. Zircons with ages of 3.0 to 3.2 Ga occur as 
xenocrysts in a sample of granite gneiss from Lalitpur 
having a minimum formation age of 2.5 Ga. Another 
sample of a highly deformed gneiss from Babina has 
a well-defined age of 2.7 Ga. Emplacement of horn¬ 
blende-granitoid and biotite-granitoid took place in 
quick succession at ~2.5Ga. No firm age for the 
youngest plutonic component, the leuco-granitoid, 
could be obtained due to poor recovery of zircons 
suitable for analysis. The geochronological data con¬ 
firm the suggestion, based on geochemical studies, 
that the gneisses and the granitoids in this region 
represent Archaean and post-Archaean components, 
respectively. 

The Bundelkhand ‘massif is a composite granite-gneiss 
province occupying an area of about 26,000 km^ in the 
central portion of the Indian shield covering the southern 
parts of Uttar Pradesh and the north-eastern parts of 
Madhya Pradesh (Figure 1). The massif is unconformably 
overlain by the meta-sedimentary and associated meta- 
volcanic rocks of the Bijawar Group in the south and 
south-east, and by the still younger Vindhyan Supergroup 
of sedimentary rocks in the south-east, south and west. 
The Indo-Gangetic alluvium covers much of the northern 
portion of the massif. The geology of the region has 
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been reviewed by Basu^ The bulk of the Bundelkhand 
massif comprises of various phases of undeformed gra¬ 
nitoids which have intruded into a basement comprising 
of gneisses, banded iron formations (BIF), metasediments, 
and mafic and ultramafic rocks. At places the basement 
components also occur as small enclaves. The massif 
is traversed by two prominent sets of lineaments having 
in general NE and NW trends filled with quartz veins 
and mafic dykes, respectively (Figure 1). 

The massif has a complex geological history of 
evolution as demonstrated by the contrasting litho-units 
and polyphase deformational events^, typical of many 
Archaean-Palaeoproterozoic cratons. However, detailed 
geochemical and petrological studies have not been 
attempted yet to unravel the genesis of the different 
litho-units and their evolution in the regional tectonic 
framework. Based on a study of the granitoids from 
different parts of the massif in and around Mahoba and 
Lalitpur, Rahman and Zainuddin^ and Mondal and 
Zainuddin"^ provided geochemical data of different gra¬ 
nitoid suites to constrain the processes for the formation 
of the granitoids. Mondal and Zainuddin^ proposed that 
the granitoids were emplaced in a volcanic arc tectonic 
setting associated with subduction of an oceanic plate 
and noted that their trace element abundance patterns 
resemble post-Archaean granitoids. Sarkar et al/' have 
suggested that the granitoids have post-tectonic geo¬ 
chemical characteristics. The earlier crust into which the 
granitoids were emplaced have remained unexplored. 
Sharma and Rahman^ have reported highly fractionated 
rare earth element patterns with heavy rare earth depletion 
in the gneissic samples and proposed that the gneisses 
may belong to Archaean tonalite-trondhjemite-grano- 
diorite (TTG) suites and represent the early crust in the 
Bundelkhand. A similar suggestion has also been made 



Figure 1. Geological map of the Bundelkhand massif in central India 
(after Basu*). The approximate geographical location of the massif 
is shown in the inset. The filled triangles indicate sample location. 
Some of the prominent field locations are also indicated (filled circle). 


by Sarkar et al}. The only geochronological data for 
samples from the Bundelkhand massif available so far 
are several Rb-Sr whole rock and mineral ages for 
different granitoids and one gneissic phase^'^ 

In this paper, we present initial results obtained from 
2()7pb/206pb (bating of single zircons by an ion microprobe. 
We have included representative samples from all the 
major lithologies of Bundelkhand massif. Representative 
gneissic samples from three well-separated locales were 
analysed. In addition, four granitoid phases representing 
hornblende-granitoid, biotite-granitoid and leuco-grani- 
toid were selected to obtain a younger age limit of the 
massif. The samples were collected from areas close to 
Babina, Karera, Mahoba and Lalitpur (Figure 1). The 
gneisses from Babina and Karera (BM-245 and BM-438, 
respectively) exhibit isoclinal folding of the biotite-rich 
and quartzo-feldspathic bands. The gneisses are grey- 
coloured and are generally uniform in mineral compo¬ 
sition with quartz and plagioclase as the dominant mineral 
phases; K-feldspar at places occurs as phenocryst. Biotite 
is ferromagnesian in nature and often alters to chlorite*^. 
Accessory minerals include apatite and zircon. The dif¬ 
ferent granitoids have similar mineralogy except for the 
leuco-granitoid which does not have hornblende. The 
common primary mineral phases of the granitoids are 
quartz, plagioclase feldspar, microcline and biotite; 
apatite, zircon, sphene and magnetite are the common 
accessories. The granitoids range in composition from 
quartz diorite to syenogranite and evolve with time from 
dominantly metaluminous to peraluminous geochemistry 
and correspond to calc-alkaline trend'\ whereas 
trondhjemite trend can be discerned for the gneisses^’*^. 

Utmost care was taken to collect fresh rock samples; 
in most cases samples were collected from the quarries. 
The samples were processed using standard techniques^^^'*^ 
to obtain zircon grains. They were crushed to <250 
micron size and the crush was passed through aqueous 
sodium-polytungstate solution of density 3 g/cm^ the 
heavier fraction was isodynamically separated to obtain 
strongly non-magnetic fraction from where zircons were 
hand-picked using a binocular microscope. The zircons 
were mounted in epoxy and polished to expose the 
interior of the crystals. Optically clear, fractureless, 
inclusion-free domains of zircon were selected for analy¬ 
sis. In the gneisses, the zircons occur mainly as euhedral 
to subhedral crystals with frequent zonation; a few 
exhibit subrounded core structures. The zircon population 
of the granitoids is morphologically homogeneous and 
shows short prismatic crystal habit with zoning. The 
sample of hornblende granitoid yielded many good zir¬ 
cons that are mostly transparent, colourless to pale brown 
and euhedral. The gneiss sample collected from Karera 
(BM-438) did not yield good zircons, while only a 
couple of good zircons, suitable for analysis, could be 
found in the case of leuco-granitoid (M-136). Photo- 
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micrographs of several analysed zircons are shown in 
Figure 2, 

Radiogenic isotopic composition of carefully 

selected domain of individual zircons has been determined 
using a Cameca ims 4f ion microprobe following pro¬ 
cedures described earlier'"’". Briefly, a 7nA focused 
primary beam of was used to sputter - 20 micron 
domain of individual zircons. The secondary ions were 
mass analysed at a high mass resolving power 
(M/AM = 4500), sufficient to resolve all the significant 
isobaric molecular interferences in the Pb-isotope mass 
spectrum. Each analysis consists of 15 blocks of data 
and each block of data consists of 5 scans through the 
mass sequence ^"'^(Zr.jO), ^"Tb, ^"^Tb, ^"^Pb, ^"''(Hf 02 ) 
and ^"^Pb, after which an automatic recalibration of 
magnetic field was performed. The age for each analysis 
is based on the weighted mean radiogenic “"^Pb/^"^Pb 
ratio obtained from the data of the 15 quasi-independent 
blocks. As we do not include U isotope in our analysis 
routine, we do not have detailed information on the 
Pb-loss history of the analysed sample. Several objective 
criteria are therefore applied to identify Pb-loss as well 
as multiple age components within our data set (see 
refs 10 and 11 for details). As a precaution we exclude 


analysis characterized by high common Pb component 
(high ^"Tb/^"^Pb ratio) from our data set, thus eliminating 
those analyses that show obvious evidence for Pb ex¬ 
change. The age of a sample is derived by pooling the 
data (at block level) for all the analyses identified as 
belonging to the ‘magmatic’ component and obtaining 
a grand mean ^"^Pb/^"^Pb ratio, which then defines the 
‘minimum’ age of the sample. However, if the analyses 
show a sharp cut-off at higher radiogenic ^"^Pb/^"^Pb 
ratios, the ‘minimum’ age closely approximates the ‘true 
age’ of the sample'"’". 

2{)7pb/206pb different lithologies of the Bun- 

delkhand massif, obtained in this study, are given in 
Table 1. We have carried out six analyses on five 
zircons from the highly deformed gneissic sample BM- 
245; five of these analyses have low common Pb com¬ 
ponent and they are included in Table 1. Four of these 
analyses belong to a single age group and the 57 blocks 
of data obtained from these analyses yielded a weighted 
mean radiogenic ^"’Pb/^"^Pb ratio of 0.18548 ± 26, equiva¬ 
lent to an age of 2703 ± 3 Ma (error quoted here and 
the rest of the text is la). The somewhat lower age 
for the fifth analyses (#2A) is probably due to partial 
Pb-loss. We, however, note that the inclusion of this 


Figure 2. ReHectecI light photomicrographs of zircon.s recovered liom the gneissic sample M-151A. Sputter holes cau.sed by primary ion 
beam during Pb-isotopic analysis can be seen in several grains {b,c and cl). The scale bar in each case is 50 gm. 
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Table 1. Ion microprobe Pb-isotopic data for zircons from Bundelkhand massif 


Analysis 

no.'^ 

Measured 

Total “*Pb 
counts 

206pb 

(ppm)* 

U 

(ppm)® 

2«7pb/206pb:<* 

Age 

(Ma)** 

204pb/2()6p^ 

207pb/2()6pb 

Sample: BM-245 (Gneiss, Babina) 






2A 

0.00022 

0.1798 

157735 

313 

725 

0.1770 ± 17* 

2625± 16 

2B 

0.00025 

0.1882 ■ 

123195 

273 

611 

0.1852± 13* 

2700+ 12 

3 

0.00038 

0.1842 

135565 

221 

506 

0.1796± 12* 

2649 ± 11 

5 

n.d. 

0.1858 

327229 

1122 

2504 

0.1858 ±03* 

2705 ± 2 

6 

0.00038 

0.1880 

79605 

232 

524 

0.1834 + 22* 

2684 ±20 

Sample: M~]5IA (Gneiss, Panchwara villaf^e, Lalitpur) 





1 

0.00056 

0.1776 

184050 

328 

782 

0.1705+ 18 

2563 ±18 

4 

0.00024 

0.2389 

71240 

154 

291 

0.2362 ±22** 

3094± 15 

5 

0.00046 

0.1677 

61645 

133 

330 

0.1620 ±24 

2476 ±25 

6 

0.00019 

0.2415 

177660 

455 

852 

0.2394 ± 12** 

3116±8 

7A 

0.00022 

0.2520 

96000 

252 

459 

0.2496 ± 28** 

3182±18 

7C 

0.00007 

0.2514 

214890 

386 

703 

0.2507 ± 16^ 

3189±10 

7D 

0.00008 

0.2518 

313505 

334 

607 

0.2509 ±08** 

3190±4 

8 

0.00027 

0.1739 

121705 

226 

539 

0.1705 ± 16 

2563± 15 

10 

0.00032 

0.1711 

140535 

335 ■ 

811 

0.1671 ± 16 

2529±16 

12B 

0.00004 

0.1697 

316725 

345 

827 

0.1692 ±08 

2550 ±7 

14 

0.00049 

0.1656 

94460 

211 

531 

0.1594 ±20 

2450 ±20 

15 

0.00063 

0.1746 

121800 

215 

521 

0.1667 ±22 

2525 ±22 

16 

0.00032 

0.1633 

46915 

135 

340 

0.1594 ±31 

2449 ± 32 

18 

0.00042 

0.1658 

100615 

272 

681 

0.1605 ± 16 

2461± 16 

21 

0.00043 

0.1685 

146345 

383 

945 

0.1632± 12 

2489 ±12 

22 

0.00038 

0.1675 

87880 

223 

553 

0.1627± 19 

2484+19 

28A 

0.00022 

0.2254 

180580 

473 

929 

0.2228 ± 15** 

3002±10 

30 

0.00016 

0.1701 

151225 

229 

528 

0.1682± 13 

2540± 13 

Sample: BM-428 (Hornblende-granitoid, Mahoba) 






1 

0.00011 

0.1708 

63090 

234 

561 

0.1694 ±22 

2551 ±22 

2A 

0.00033 

0.1665 

70110 

496 

1231 

0.1623 ±21 

2480 ± 22 

2B 

0.00059 

0.1714 

44260 

483 

1188 

0.1639 ±32 

2496 ±33 

2C 

0.00045 

0.1579 

104920 

465 

1218 

0.1522 ±37 

2371 ±41 

3 

0.00051 

0.1551 

53255 

375 

1002 

0.1485 ±30 

2329 ± 34 

5 

0.00050 

0.1685 

50685 

482 

1195 

0.1623 ±31 

2479 ± 33 

7 

0.00032 

0.1639 

153935 

588 

1477 

0.1599 ± 14 

2454±15 

lOB 

0.00046 

0.1559 

15335 

264 

698 

0.1501 ±89 

2347±101 

Sample: M-46 (Hornblende-granitoid, Jakhaura) 






lA 

0.00062 

0.1698 

70410 

260 

645 

0.1620 ±23 

2477 ± 24 

IB 

0.00034 

0.1697 

75685 

179 

436 

0.1655 ±22 

2512±22 

IK 

0.00055 

0.1684 

31065 

86 

214 

0.1615±46 

2471 ±48 

5 ■ 

0.00023 

0.1664 

64280 

120 

296 

0.1635 ±24 

2493 ±25 

6 

0.00050 

0.1739 

70185 

147 

356 

0.1676 ±21 

2534±2l 

7 

0.00016 

0.1684 

84210 

179 

436 

0.1664 ±20 

2522 ±20 

8 

0.00046 

0.1693 

88015 

184 

454 

0.1635 ± 19 

2492 ±20 

9 

0.00051 

0.1701 

45380 

102 

252 

0.1637 ±34 

2494 ±35 

lOA 

0.00012 

0.1685 

122935 

263 

637 

0.1670± 14 

2528± 14 

lOB 

0.00010 

0.1602 

120455 

338 

853 

0.1589 ±58 

2444 ±62 

llA 

0.00030 

0.1709 

54070 

124 

301 

0.1671 ±28 

2529 ±28 

IIB 

0.00010 

0.1701 

71050 

125 

300 

0.1688 ± 19 

2546± 18 

lie 

0.00029 

0.1694 

75375 

147 

358 

0.1657 ±23 

2515 ±23 

Sample: M-154 (Biotite-granitoid) 






16B 

0.00044 

0.1676 

113265 

199 

495 

0.1621± 18 

2477± 18 

17A 

0.00041 

0.1718 

167640 

240 

582 

0.1667± 13 

2524± 13 

17B 

0.00020 

0.1688 

146030 

279 

678 

0.1664 ± 17 

2521 ±17 

17C 

0.00028 

0.1678 

118585 

359 

881 

0.1642± 14 

2500±14 

20 

0.00033 

0.1653 

125925 

289 

721 

0.1612± 13 

2468+ 13 


■^Alphabets refer to multiple analyses of single zircons. 

^Calculated value based on the assumption that the sample has remained a closed system. 

*Radiogenic value corrected using model common Pb for an age of 3.2 Ga (data identified by the symbol §), 2.7 Ga (data identified by the 
symbol t) and 2.55 Ga for rest of data following Gumming and Richards (ref. 12). 

**Errors are Icr. 

n.d., No was detected. 
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analysis will not significantly alter the deduced age of 
the sample. 

We have conducted 18 analyses on sixteen zircons 
from another gneissic sample M-151A. The results clearly 
show a two-component system; six analyses conducted 
on four zircons yielded ages ranging from 3.0 to 3.2 Ga, 
while the other twelve zircons have ages clustering 
around 2.5 Ga (see Table 1 and Figure 3). The data for 
the zircons belonging to the younger age group yielded 
a weighted mean radiogenic ^‘”Pb/^‘’*’Pb ratio of 
0.16639 + 43, equivalent to an age of 2522±5Ma. We 
obtain a well-defined age of 3189±5Ma for one of 
the zircons belonging to the older age group; three 
analyses conducted on this grain (#7A, C and D; see 
Table 1) yielded concordant ages within the limits of 
our experimental uncertainty. 

Eight analyses were conducted on six zircons from 
the sample of hornblende-granitoid BM-428. Five of 
these analyses (#1, 2A, 2B, 5 and 7; see Table 1) 
belong to a single age group and yielded a weighted 
mean radiogenic ^"TbA'Tb ratio of 0.16256 i 68, equiva¬ 
lent to an age of 2482 ± 7 Ma. The much lower ages 
for the remaining three analyses are indicative of partial 
Pb-loss in these cases. All the thirteen analyses conducted 
on nine zircons from the second sample of hornblende- 
granitoid M-46, belong to a single age group, and 
yielded a mean age of 2516 + 4Ma. We have conducted 
five analyses on three zircons from the sample of 

120 
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O 

cn 

o 60 


20 


0 

0.12 0.16 0.20 0.24 0.28 

Radiogenre 

< ' r I __J---J--J 
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Equivalent Age (Ga) 

Figure 3. Histogram of radiogenic block data for the 

gneissic sample M-151A collected from Panchwara village near Lalitpur 
(see Figure 1). 


Bundelkhand Massif 
(Gneiss M-151A) 

r I magmatic component 
(180 blocks) 

xenocryst (4’zircons) 



biotite-granitoid M-154. Three analyses carried out on 
a single zircon (#17A, B and C; see Table 1) yielded 
a very well-defined age of 252116 Ma. Even though 
the other two zircons have slightly lower ages, they are 
not inconsistent with the age deduced above. We could 
find only two zircons suitable for analysis from the 
sample of the leuco-granitoid (M-136); they have ages 
of 2429130 Ma and 2108136 Ma, respectively. The 
lower age of 2108 136 Ma may reflect Pb-loss from 
this grain which appears to be metamict when viewed 
in transmitted light. 

The results obtained represent the first zircon geo- 
chronological data for the Bundelkhand massif and pro¬ 
vide evidence for the presence of Archaean components 
in this region. We interpret the older ages of 3.0 to 
3.2 Ga, obtained for a sub-set of zircons in the gneissic 
sample M-151A, as a xenocrystic component. The zircons 
belonging to this age group are characterized by euhedral 
to subhedral morphology (Figure 2a-c) and exhibit 
probable sub-rounded core structure in a couple of cases 
(Figure 2 a). In contrast, the main zircon population 
from this sample belonging to the 2.5 Ga age group 
have distinctive euhedral, prismatic, crystal habit (Figure 
2d) and also exhibit frequent zonation, as can be seen 
in transmitted light, indicating a magmatic origin. The 
age of 2.7 Ga for the highly deformed gneiss BM-245 
confirms the suggestion made by Sharma and Rahman^ 
based on geochemical consideration, that the gneisses 
may belong to the Archaean TTG suite. The presence 
of zircons of two age groups (~3.1 Ga and 2.5 Ga) in 
the gneiss from Lalitpur (M-151A) may be attributed 
to either impregnation of older gneissic component by 
younger granitic component or xenocrystic nature of the 
older zircons in the rock that crystallized at 2.5 Ga. In 
either case, the presence of zircon with ages of 3.0-3.2 Ga 
in the Lalitpur gneiss and of 2.7 Ga in Babina gneiss 
provides evidence for an Archaean crustal component 
in the Bundelkhand massif. A Rb-Sr age of 3.5 Ga for 
a gneissic phase from the Babina area has been reported 
recently by Sarkai- et al*. Our inability to find zircon 
older than 2.7 Ga in another gneissic phase collected 
from this area points towards the need for reassessing 
the Rb-Sr data. The age data for the hornblende- and 
biotite-granitoids indicate them to be nearly contempo¬ 
raneous and suggest that a large-scale granitoid mag- 
matism in this region took place around 2.5 Ga. We 
plan to further investigate the possible presence of older 
crustal components in the Bundelkhand massif and their 
relation, if any, with the Archaean components in -the 
Aravalli Craton" bordering the western side of this 
massif. Since the highly deformed gneiss is intruded by 
the undeformed ~ 2.5 Ga old hornblende-granitoid, the 
age of ~ 2.5 Ga provides a limiting value on the time 
of this deformation event. In the absence of compre¬ 
hensive zircon age data for the leuco-granitoid, the 
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youngest plutonic unit in this region, we cannot con¬ 
clusively establish the time for the end of granitoid 
magmatism and stabilization of the massif. However, if 
the 2429 ± 30 Ma age for the single zircon from this 
unit may be taken to be representative of the formation 
age of the leuco-granitoid, the time of stabilization of 
the massif is very close to the inferred stabilization age 
of 2.5 Ga for the Aravalli Craton^^ bordering the western 
side of the Bundelkhand massif. 
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Seismotectonics of northeastern India 

T. N. Gowd, S. V. Srirama Rao and K. B. Chary 

National Geophysical Research Institute, Uppal Road, 

Hyderabad 500 007, India 

Intraplate seismicity accounts for about 20% of the 
earthquake activity of northeastern India. The Shil¬ 
long plateau, northern Bengal basin, Tripura fold 
belt and Kopili lineament zone together contribute 
87% of the intraplate seismicity of the region while 
Upper Assam is free from earthquake activity. The 
high seismic activity of the Shillong plateau appears 
to be related to the gently northward dipping seis- 
mogenic thrust fault, rupturing of which caused the 


great Assam earthquake of 1897. Excessive stresses 
induced in the Shillong plateau, northern Bengal 
basin and the Kopili lineament zone due to under- 
thrusting along the Shillong thrust fault and beneath 
the eastern Himalaya appear to be the root cause of 
the intraplate seismicity in the region. The entire 
intraplate area excepting Upper Assam and the Kopili 
lineament zone is identified as a separate stress region 
characterized by a mean orientation of N3°E. 

The mean orientation in Upper Assam is 

N26°E. The Kopili lineament zone forms a broad 
stress boundary between them. Fractures/faults 
associated with only the Sylhet lineament, Eocene 
limestone hinge, Kopili, Tista and Padma lineaments 
are favourably oriented for their reactivation in strike- 
slip mode. The fact that only the first three amongst 
them are seismically active may be attributed to the 
high stresses induced in the northen Bengal basin 
and Kopili lineament zone. It appears that the crust 
beneath Upper Assam is a rigid block with unfa¬ 
vourably oriented fractures/faults, and is being de¬ 
formed at a much slower strain rate, and as a result 
it is seismically stable. 

The northeastern region of India is seismically one of 
the most active regions in the world*. Two among a 
dozen largest earthquakes (M 8.7) of the world occurred 
in this part of the country, one in 1897 in the Shillong 
plateau and another in 1950 in the Assam syntaxis. The 
region is situated at the northeastern corner of the Indian 
plate and comprises of plate boundary zones and 
intraplate ai’ea. It is bounded by the plate boundary 
zones of the eastern Himalaya in the north, Assam 
syntaxis in the northeast and northern Indoburman ranges 
of the Naga-Disang and Arakan-Yoma thrust fold belt 
in the east (Figure I). The intraplate part of the region 
includes seven tectonic units namely, the Shillong plateau, 
Bengal basin, Tripura fold belt, Kopili lineament zone, 
Rajmahal-Garo gap, Brahmaputra valley and Upper 
Assam. Because of its critical location, the region has 
come under the grip of a set of complicated tectonic 
forces ever since the collision of India with Eurasia. It 
is fairly well understood that the seismicity of the plate 
boundary zones of the eastern Himalaya and Indoburman 
ranges is closely related to and controlled by the collision 
tectonic processes. However, intraplate seismicity of the 
region is not yet fully understood, and needs further 
study. The present paper is directed towards that goal. 

A catalogue of earthquakes of northeastern India 
(M>4.5) for the period 1897-1992 has been compiled 
by Gowd et al? using the earthquake data base published 
by Gupta et al} for the period 1897-1962 and NOAA 
publications for the period 1963 onwards. The catalogue 
indicates that 710 earthquakes of M>4.5 including two 
earthquakes of M 8.7, 16 earthquakes having magnitude 
in the range of 7.0 to 7.9 and 53 earthquakes having 
magnitude in the range of 6.0 to 6.9 occurred in 
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northeastern India during the last 100 years, indicating 
that the region is characterized by high seismic activity. 

Distribution of seismic activity in different tectonic 
units of northeastern region of India has been determined 
by analysing the catalogue of earthquakes. Table 1 
indicates that about 80% (568 events) of the seismic 
activity of the region is contributed by the plate boundary 
zones of the eastern Himalaya and the Indoburman 
ranges (subduction zone), while the remaining 20% (142 
events) by the intraplate area. The Indoburman ranges 
are almost four times more active (451 events) than the 
eastern Himalaya (117 events). Amongst the seven 
tectonic units of the intraplate area, four units namely 



Figure 1. Tectonic map of northeastern India. EH and IBR; Plate 
boundary zones of the Eastern Himalaya and Indoburman ranges; IPA: 
Intraplate area; NT: Naga thrsut; DT: Disang thrust; NDTB: Naga-Disang 
thrust belt; AYFB: Arakan-Yoma fold belt; UA: Upper Assam; MH: 
Mikir hills; KL: Kopili lineament; AWSR: Assam wedge stress region 
(after Gowd et BV: Brahmaputra valley; RGG: Rajmahal-Garo 

gap; SP: Shillong plateau; BB: Bengal basin; WMF: Western margin 
of marginal fault of the Bengal basin; TFB: Tripura fold belt; DF: 
Dauki fault; KLZ: Kopili lineament zone; NBB: Northern Bengal basin; 
MCT: Main central thrust; ITSZ: Indo-Tzangpo suture zone; IBSZ: 
Indoburman subduction zone. SIPA: Seismically active intraplate area. 


the Shillong plateau, Bengal basin, Tripura fold belt 
and Kopili lineament zone together contribute 87% of 
the intraplate seismicity of the region and form a zone 
of high intraplate seismicity (Figure 1), while Upper 
Assam is almost free (only four events) from earthquake 
activity. The other two units namely Rajmahal-Garo gap 
and Brahmaputra valley exhibit nominal seismicity, each 
contributing about 4.5% of the intraplate seismicity. 

Seismotectonic map of the intraplate area of north¬ 
eastern India (Figure 2) reveals that the earthquake 
activity in the Bengal basin is essentially confined to 
its northern part immediately to the south of the Shillong 
plateau and is related to the northeastern segments of 
the Sylhet lineament and the Eocene limestone hinge 
only. Amongst these, the Sylhet lineament (L-1, L-la) 
is the most active one. The most devastating earthquake 
of 8 July 1918 {M 7.6), and several earthquakes of 
M>4.5 have occurred on the northeastern segment of 
the Sylhet lineament while the remaining part of this 
lineament is devoid of seismicity. The highly destructive 
earthquake of 9 September 1923 with M 7.1 and a few 
other moderate earthquakes have occurred on the Eocene 
limestone hinge immediately to the south of the Shillong 
plateau. 

The Kopili lineament (L9), trending NW~SE, extends 
through the Pleistocene frontal thrusts of the Himalaya 
to the northwest and the Arakan-Yoma to the southeast, 
implying that it is of recent origin*\ This is the seismically 
most active intraplate lineament in northeastern India. 
The destructive earthquake of 23 October 1943 (M 7.2), 
three strong earthquakes of 6.0 < M <1,0 and several 
other earthquakes of 4-.5 <M < 6.0 occurred on this linea¬ 
ment. Epicentres of several moderate earthquakes are 
located on the Bomdilla lineament (LIO) to the immediate 
east of the northwestern segment of the Kopili lineament. 
Also several epicentres are concentrated across the Assam 
valley, indicating a possible extension of the Bomdilla 
lineament up to and along the eastern margin of the 
Mikir hills. As in the case of the northern Bengal basin 
and the Kopili-Bomdilla lineament zone, it is not possible 
to relate the high seismic activity of the Tripura fold 


Table 1. Earthquake activity in the plate boundary zones and intraplate area of northeastern India 


Number of earthquakes 


Plate boundary zone Intraplate area (IPA) 


M 

EH 

IBR 

BB 

TFB 

RGG 

SP 

BV 

KLZ 

UA 

Total 

Total 

>7.0 

2 

11 

2 

_ 


2 


1 


5 

18 

6.0-6.9 

20 

23 

5 

1 

1 

- 

- 

3 

- 

10 

53 

4.5-5.9 

95 

417 

21 

31 

4 

25 

7 

35 

4 

127 

639 

Total 

117 

451 

28 

32 

5 

27 

7 

39 

4 

142 

710 

%Total 

165 

63.6 

3.95 

4.5 

0.71 

3.8 

0.90 

5.5 

0.56 

19.1 

100 

%IPA 



19.72 

22.54 

3.52 

19.0 

4.93 

27.47 

2.82 

100 



M: Magnitude of earthquakes; BB: Bengal basin; BV: Brahmaputra valley; EH: Eastern Himalayas; IBR: Indoburman ranges; KLZ: Kopili 
lineament zone; RGG: Rajmahal-Garo gap; SP: Shillong plateau; TFB: Tripura fold belt; UA: Upper Assam. 
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belt to the basement fractures and faults since their 
surface manifestation is inhibited by the thick pile of 
sediments in the area. 

Figure 3 reveals that the western and central parts of 
the Shillong plateau to the west of 92°E meridian are 
seismically active. The great Assam earthquake of 1897 
(M 8.7) and the Dhubri earthquake of 1930 (M 7.1) 
occurred in the central and western parts of the plateau 
respectively. The epicentres of 20 out of 27 earthquakes 
of the Shillong plateau are located to the west of 92“ 
meridian while the remaining seven epicentres are con¬ 
fined to the eastern margin of the plateau, implying that 
its eastern part is relatively free from earthquake activity. 
Several workers'*"’ have investigated microearthquake 
activity in northeastern India. Kayal", Kayal and De**, 
and Kharshing et al.'" have studied microearthquake 
activity of the Shillong plateau and the results of their 
study also indicated that the western and central parts 
of the plateau are a zone of high seismic activity while 
the eastern part is free from such activity. When compared 
to the earthquakes of M>4.5, the microearthquake 
activity is more uniformly distributed over the western 
and central parts of the plateau, suggesting that the 
earthquake activity in the plateau is not related to the 
lineaments of the area namely the Brahmaputra and the 
Mikir. 

Molnar" reassessed the great Assam earthquake of 
1897 and concluded that the Shillong plateau and the 
area just north of it were undoubtedly within the epicen- 
tral region of this earthquake. The area of the high 



Figure 2. Seismotecionic map of the intraplalc area of norlheastein 
India. EC-1: Epicentres of M>7.0; EC-2: Epicentres of earthquakes 
of magnitudes in the range of 6.0 to 6.9 (6.0 < A/< 7.0); EC-3: 
Epicentres of earthquakes of magnitude in the range of 4,5 to 5.9 
(4.5 <M < 6.0); Li, Lla: Sylhet lineament; L2: Eocene limestone hinge; 
L3: Padma lineament; L4: Madhupur lineament; L5: Tista lineament; 
L6: Jamuna lineament; L7: Brahmaputra lineament; L8: Mikir lineament; 
L9: Kopili lineament; LIO: Bomdilla lineament; Lll: Jorhat lineament; 
DF; Dauki fault. 


seismic activity of the Shillong plateau covers much of 
the maximum intensity (XII) zone of this great earthquake 
which was caused due to rupturing of a gently northward 
dipping thrust fault, the southern margin of which 
coincided with the southern edge of the plateau, and 
the western margin was probably near western edge of 
the plateau^'. It appears that continuing movements on 
this gently northward dipping thrust fault, termed here 
as the Shillong thrust fault, ever since the great Assam 
earthquake of 1897, leading to random rupturing of this 
fault at smaller scales, are responsible for the high 
seismic activity of the Shillong plateau. 

A total of seven moderate earthquakes of M>4.5 
occurred to date in the Brahmaputra valley and all of 
them are confined to its southern part adjoining the 
Shillong plateau. Interestingly, the epicentres of these 
earthquakes are aligned in E-W direction about 26.5°N 
parallel (NN in Figure 3) and may mark the northern 
margin of the Shillong thrust fault. We are tempted to 
conclude that the Shiliong thrust fault extends from 
beneath the southern edge of the Shillong plateau to 
the 26.5°N parallel. However, extension of this seismo- 
genic thrust fault up to and beneath the eastern Himalaya 
cannot be ruled out, particularly in the light of the 
observation by Khattri^^ that the entire Brahmaputra 
valley up to the eastern Himalaya exhibits significant 
microearthquake activity. 

Table 1 reveals that during the past 100 years 117 
earthquakes of A/>4.5 occurred in the eastern Himalaya 
while 142 earthquakes occurred in the intraplate area 
of the northeastern region of India, indicating that about 
16.5% and 19.9% of the seismic activity of the region 



Figure 3. Seisniogenic Shillong thrust fault extending beneath the 
Shillong plateau northward from the Dauki fault. STF: Seisniogenic 
thrust fault; ZSC: Zone of stress concentration in northern Bengal 
basin; SAP: Seismically active region of the Shillong plateau; EPC: 
Epicentres (M>4.5); NN: E-W alignment of epicentres in the 
Brahmaputra valley. 
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is contributed by these tectonic units respectively. Out 
of a total of 18 earthquakes of M>7.0, 53 earthquakes 
of M 6.0-6.9 and 639 earthquakes of A/4.5--5.9 pertaining 
to the entire northeastern region, as many as 5, 10 and 
127 events respectively originated in the intraplate area 
of the region. Against these, two earthquakes of M>7.0, 
20 earthquakes of M 6.0-6.9 and 95 earthquakes of M 
4,5-5.9 occurred in the eastern Himalaya. The table 
indicates that the frequency of occurrence of earthquakes 
of M>7.0 in the intraplate area is 2.5 times more than 
in the eastern Hiamalya while that of M 6.0-6.9 in the 
former is 50% less than in the latter. This demonstrates 
that the intraplate area of northeastern India is as much, 
if not slightly more, seismically active as the eastern 
Himalaya, suggesting that the convergence of India with 
the Himalaya is perhaps equally accommodated by un¬ 
derthrusting beneath the Himalaya and along the Shillong 
thrust fault extending from beneath the Shillong plateau 
up to the eastern Himalaya. Due to the movement along 
this thrust fault, excessive stresses are induced not only 
in the Shillong plateau but also in the northern Bengal 
basin because of its proximity to the southern active 
end of this thrust fault. Also high stresses are induced 
in the Kopili lineament zone because of its closeness 
to both the zones of underthrusting beneath the eastern 
Himalaya and Shillong plateau. This appears to be the 
root cause of the high intraplate seismicity of northeastern 
India. 

Gowd et al}'^ evaluated tectonic stress field in the 
region using two types of stress indicators, namely 
wellbore breakouts and focal mechanisms, and identified 
the Bengal basin as a separate stress province, and the 
Assam wedge as a separate stress region. The stress 
data has been updated by Gowd et al}. The updated 
data includes P-axis orientations of 16 well-constrained 
earthquake focal mechanisms''*"^^^ A map of maximum 
horizontal compressive stress orientations in the 

intraplate area of northeastern India (Figure 4) has been 
prepared using these P-axis orientations. The map reveals 
that P-axes in the eastern Himalaya, Shillong plateau, 
basement and crust of the Bengal basin, Tripura fold 
belt and Brahmaputra valley are consistently oriented 
in approximately N-S direction and therefore all these 
tectonic units together with Rajmahal-Garo gap are 
grouped into a separate stress region namely the Shillong 
stress region within the midcontinent stress province. 
P-axis orientations in this stress region have a mean of 
N3°E and a majority of them vary from N8°W to 
N12 E. In view of this, the Bengal basin stress province 
originally identified by Gowd et alP, may be treated 
as a stress province restricted to the sedimentary pile 
only. 

The mean orientation of the Shillong stress 

region (N3°E) is markedly different from that of the 
midcontinent stress province (N23°E), indicating that 
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the stress field in the Shillong stress region is rotated 
anticlockwise by 20°. This perturbance must have been 
caused by the deformation processes relating to under¬ 
thrusting along the northward dipping seismogenic Shil¬ 
long thrust fault and apppears to be a good piece' of 
evidence in support of the hypothesis, proposed by us 
in the present study and earlier by Molnar^^ that the 
convergence of India with the Himalaya is partitioned 
between underthrusting beneath the eastern Himalaya 
and Shillong plateau. Seismic activity in the Shillong 
plateau and its neighbourhood is certainly higher than 
that of the linear seismic belts of the Indian shield, 
implying that the magnitude of and in this 
intraplate area of the northeastern region should be at 
least equal to those estimated by Gowd et al}^ for the 
latter (linear seismic belts of the Indian shield). 

Fault plane solutions are available for only one earth¬ 
quake^^ out of the four earthquakes of Upper Assam, 
In order to have a larger data set, fault plane solutions 
of the earthquakes of the neighbouring areas have been 
examined. Well-constrained P-axis orientations for two 
sites, one in Mikir hills'^ and the other in the Assam 
syntaxis^^’^^ have been identified and the same are shown 
in the stress map. This data set, though limited, indicates 
that the P-axis orientations are consistent with a mean 
of N26°E, indicating that the stress field in Upper Assam 
is similar to that of the midcontinent stress province. 
According to Gowd et alP, the Assam wedge stress 
region is characterized by inconsistent orientations. 
However, it may be understood from the'present study 
that the inconsistency is true in the case of the plate 
boundary zones only. The NW-SE trending Kopili 



Figure 4. Stress map oi the intraplate areas of northeastern India. 
1-16: Sites of P-axis orientations; SSR: Shillong stress region; UAS: 
Upper Assam stress zone; SBZ: Stress boundary zone (Kopili lineament 
zone) in between SSR and UAS; Thick inward pointing arrows indicate 
the mean orientations in the respective stress regions. 

CURRENT SCIENCE, VOL. 74, NO. 1, 10 JANUARY 1998 











RESEARCH COMMUNICATIONS 


lineament zone, bounded by the Kopili and Bomdilla 
lineaments, forms a broad stress boundary between the 
Shillong and Assam wedge stress regions. 

The mechanisms responsible for the reactivation of 
various lineaments/faults of the intraplate area of north- 
eastrern India have been analysed using the criteria 
established by Gowd et al?\ The analysis was done 
taking into consideration strike and dip of the fractures/ 
faults of which the lineaments are a surface manifestation, 
local orientation, reactivation angle (the angle 

between the fault plane and the local orientation), 
and pore pressure. The results reveal that none of the 
12 major lineaments and the Dauki fault of the intraplate 
area, which are understood to be steeply dipping, can 
be reactivated in thrust faulting mode because supra- 
lithostatic pore pressures are needed for their reactivation, 
attainment of which is impossible. The four major 
lineaments/feults associated with the Shillong plateau, 
namely the Dauki fault, Jamuna, Brahmaputra and Mikir 
lineaments cannot be reactivated in strike-slip mode also, 
because pore pressures almost as high as or even higher 
than are required for their reactivation, attainment 
of which is not possible. The non-seismogenic character 
of these lineaments is in agreement with this observation. 
Though the Sylhet lineament, Eocene limestone hinge 
and the Tista lineament are favourably oriented, only 
the first two are seismically active. This discrepancy is 
attributed to the high stresses induced in the northern 
Bengal basin immediately south of the southern active 
margin of the seismogenic Shillong thrust fault. However, 
such excessive stress concentrations cannot be caused 
in the Rajmahal-Garo gap and in the central and southern 
Bengal basin as the former area adjoins the passive 
western margin of the fault and the latter areas are 
away from the active southern margin of the fault. As 
a result, the Tista and Padma lineaments extending 
through these areas can exhibit nominal intraplate seis¬ 
micity only. This is in agreement with the seismicity 
patterns in the Rajmahal-Garo gap and Bengal basin. 

The Kopili lineament, which forms the southwestern 
margin of the stress boundary zone between the Shillong 
and Assam wedge stress regions, is oriented favourably 
with respect to the loccil stress field pertaining to the 
Shillong stress region, and can be reactivated in strike-slip 
mode at moderate pore pressures. Whereas the Bomdilla 
lineament and its possible extension across Upper Assam, 
forming the northeastern boundary of the stress boundary 
zone, is not favourably oriented with respect to the 
local stress field pertaining to the Assam wedge stress 
region and its reactivation in strike-slip mode is not 
possible. However, this lineament can be reactivated in 
thrust faulting mode if its dip is less than 50°. Moreover 
high stresses are expected to be induced in this stress 
boundary zone because of its proximity to the zones of 
convergence beneath the eastern Himalaya and Shillong 


plateau. This explains the high seismicity of the Kopili 
lineament zone. 

P-axis orientations are available at only three sites 
for Upper Assam and therefore it is difficult to choose 
a reliable value for the local orientation in respect 
of the two major lineaments in the area. P-axis orientation 
at the nearby site (site No. 15, Figure 4) has been 
considered as the local orientation in respect of 
the lineament LI2 (Figure 2). P-axis orientation at site 
14 in the nearby Mikir hills has been taken as the local 
orientation in respect of the Jorhat lineament. 
Although the former seems to be well constrained, there 
could be uncertainty in the latter orientation in 

respect of the Jorhat lineament). The reactivation angle 
of the Jorhat lineament is almost 50°, implying that 
pore pressures as high as are needed for its 

reactivation in strike-slip mode. This result does not 
differ significantly if the mean orientation of Upper 
Assam (N26°E) is considered for the purpose. The 
results show that the northeastern segment of the line¬ 
ament LI2 can be reactivated in strike-slip mode at 
moderate pore pressures. Whereas its southwestern seg¬ 
ment is parallel to the local orientation, and hence 
cannot undergo any shear deformation. Only three mod¬ 
erate earthquakes occurred on the northeastern segment 
till date (Figure 2), though it is as much favourably 
oriented as the seismically active Sylhet lineament. From 
all this it appears that the basement and crust of Upper 
Assam is a rigid block with unfavourably oriented 
fractures/faults and is being deformed at much slower 
strain rate, rendering it (Upper Assam) seismically in¬ 
active and stable. 

It was brought out above that the great Assam earth¬ 
quake of 1897 was caused due to rupturing of the gently 
northward-dipping Shillong thrust fault and that the 
convergence of India with the Himalaya is accommodated 
partly by underthrusting along the Shillong thrust fault 
and partly by underthrusting beneath the Himalaya. It 
was inferred above that the Shillong thrust extends in 
E-W direction from 90°E to 92°E longitudes, and in 
N-S direction from the southern edge of the Shillong 
plateau to 26.5°N parallel much to the south of the 
Himalaya, suggesting that this thrust is an intraplate 
fault but not a part of the Indian plate boundary. Whereas 
the great Assam earthquake of 1950 was caused due to 
rupturing of a NNE-SSW striking faulF^ which is an 
extension of the MCT into the Assam syntaxis. This 
indicates that the rupture zones of these two earthquakes 
belong to two independent fault systems, and that a 
fault connecting these two rupture zones may or may 
not exist beneath Upper Assam. 

The Assam seismic gap proposed by Khattri and 
Wyss^‘^ and Khattri et al.^ is completely devoid of 
earthquake activity. Only four earthquakes M 4.5-5.5 
have occurred till now in Upper Assam (Table 1) and 
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three of them have been caused due to the reactivation 
of the lineament LI2. Also, Upper Assam has neither 
experienced a great earthquake of M 7.0 or more in 
the recent past nor has it historic record of ever being 
affected by a great earthquake. All these facts suggest 
that no major seismogenic thrust fault extends across 
Upper Assam. 

The hypothesis of seismic gap advanced by Fedotov^^, 
Mogi and Sykes^* states that major earthquakes are 
likely to occur along sections of plate boundaries which 
have ruptured in the past, but have not experienced 
great earthquakes atleast in the past 30 years. According 
to McCann et al}'\ seismic gaps often appear to be 
regions of reduced activity for moderate and small 
shocks as well as regions of relative quiescence for 
large shocks. In the light of what has been discussed 
above, it is obvious that Upper Assam does not satisfy 
any of these conditions for being identified as a seismic 
gap. Hence, we consider that the Assam seismic gap 
proposed by Khattri and Wyss^= does not exist and we 
are therefore, of the opinion that there is no danger to 
Upper Assam being affected by a large earthquake in 
the near future. 
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A human female is bom, lives her life 
in a particular way, and then dies. What 
is remarkable about this short few- 
decade-long three-act play is the fifty- 
million-year history of primate evolution 
that has quietly written the script for this 
play. 

The Evolving Female, a volume based 
on a conference to mark the silver jubilee 
celebrations of the University of Califor¬ 
nia at Santa Cruz in the United States 
(‘Women Scientists Look at Evolution: 
Female Biology and Evolution’, 1990), 
investigates a number of themes in the 
evolutionary history of the human female, 
touching upon some comparative studies 
of non-human primates and other mam¬ 
malian species along the way. It recog¬ 
nizes the many layers of biological 
complexity ~ morphological, anatomical, 
physiological, behavioural and ecologi¬ 
cal - that together contribute to the 
uniqueness of the two sexes, and then 
decides to investigate the issues of female 
biology and evolution from a particular 
perspective, one that is unusual in arising 
from an interplay of all the above factors: 
life-history theory. Although many 
researchers have recognized these differ¬ 
ent facets of a species’ life histoiy and 
focused on their effects on individual 
survival or breeding, this book broadly 
defines ‘life history’ in terms of both 
survival and reproductive features with 
the self-confessed goal of examining the 
actual complexity of these interactions, 

A definitive introductory chapter, ‘What 
is Life History’, comprehensively sets the 
stage for the rest of the volume, which 
consists of six sections, and briefly out¬ 
lines the road that would be taken. In 
addition, each section also starts off with 
a short prefece which highlights the out¬ 
standing questions that confront us and 
how the following chapters in that section 
propose to answer them. This, I think, 
is an extremely effective exercise and 
deserve to be followed by edited volumes 
which coyer wider areas of knowledge. 

The first section offers an overall per¬ 
spective to the issues involved and con¬ 


sists of two very well-written chapters. 
In the first one, M. E. Morbeck succinctly 
summarizes our current understanding of 
the multifaceted and multilayered nature 
of life-history evolution. She first defines 
life-history perspective as a biographical 
account, elicited from an individual, that 
however lays primary stress on the sub¬ 
ject’s rather than the author’s view of 
what is important. Morbeck then goes on 
to emphasize the import of not only 
several relevant aspects of individual 
biology and behaviour in such a perspec¬ 
tive, but also that of concepts derived 
from life-history studies of populations, 
the natural history of the species, and 
the life stages through which each indi¬ 
vidual passes. Finally, she stresses on the 
phylogenetic perspective that links the 
history of the individual with that of the 
species and contributes so much to that 
final understanding of individual life- 
history strategies. In the other chapter, 
L. M. Fedigan outlines the history of the 
concept of ‘a life history’ as it stands 
today, drawing upon the rich sources of 
both, the biological and the social sci¬ 
ences. She concludes with a description 
of the empirical applications of life- 
history studies with detailed reference to 
her own long-time longitudinal studies 
on a provisioned troop of Japanese 
macaques in the United States. 

The next two sections deal with the 
contributions made by natural history 
studies to our understanding of life-history 
strategies in non-human mammals. In the 
first of these, K. Ono and J, Reiter discuss 
the relationship between life-history traits 
and reproductive success in two pinniped 
species, sea lions and elephant seals, 
respectively. The pinnipeds are most un¬ 
usual among mammals in exhibiting 
highly modified anatomical and physio¬ 
logical features which allow them to live 
and feed in aquatic environments. 
Although these chapters are interesting 
in their own right and highlight the be¬ 
havioural ecology and natural history of 
this group of mammals, this section is 
the weakest in this volume because of 
the nature of its specialization. It would 
have been far more appropriate if dis¬ 
cussions of more representative terrestrial 
mammals were included. This would have 
served to better complement the next 
section on the life-history traits of non¬ 
human primates, and also to effectively 
illuminate the phylogenetic perspective 
on the evolution of life-history strategies 


amongst the principal mammalian line¬ 
ages, ultimately leading to humankind. 

The crucial change that led to the 
evolution of primates within the mammals 
was the development, early in the life 
history, of a complex brain, large in 
comparison to the size of the body. This, 
in turn, facilitated the appearance of 
superior eye-hand-motor control in these 
species, a capability which could be rather 
effectively exploited not only when 
individuals interacted with the environ¬ 
ment during movement and feeding or 
during predator-avoidance, but also when 
complex social behaviour finally evolved 
along with its associated abilities of 
individual identification and recognition, 
gestural communication, alternative repro¬ 
ductive patterns and superior infant care. 
Increasingly sophisticated individual and 
social intelligence also added a new di¬ 
mension to the evolution of life-histoiy 
strategies in primates; behavioural patterns 
were no longer under the simple controls 
of genes interacting with the environment. 
Individual choice had come to stay. 

The third section, accordingly, stresses 
the influence of social relationships and 
social cognition on individual life-history 
traits in monkeys and apes. And who 
better to start off this discussion than 
B. B. Smuts who has spent so many 
years documenting the intricate social 
bonding patterns of savannah baboons in 
eastern Africa. In her chapter. Smuts 
discusses the salient features of inter¬ 
individual relationships in Old World 
monkeys and concludes with some 
observations on the development of 
human emotional attachment. A fine chap¬ 
ter, simply but elegantly written. In the 
next chapter, another stalwart in this field, 
M. Hiraiwa-Hasegawa, summarizes some 
aspects of the development of biological 
and behavioural sex differences among 
non-human primates. Although she dis¬ 
cusses the nature of such differences and 
the effect that they may have on individual 
reproductive fitness, we do not come to 
know much about the mechanisms by 
which these differences emerge. This, in 
my opinion, is important if we are to 
fully comprehend the nature of proximal 
selective forces that act independently on 
the two sexes with their distinctly different 
life-history strategies. In the third chapter 
of this section, M. S. M. Pavelka focuses 
on her fifteen-year study of Japanese 
macaques in order to unravel the different 
aspects of macaque social life - kinship, 
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dominance, personality, and age-that 
have profound effects in shaping the life 
of an individual. Finally, in the extremely 
detailed concluding chapter of this section, 
A. L. Zihlman describes the natural life 
history teatures of the apes. This chapter 
is unique in the volume under review, 
not only for the wealth of the data that 
it provides on a species-by-species basis, 
but also for the completeness of its ref¬ 
erencing of the current literature. 

The fourth section of this collection 
deals with the influence that variation in 
anatomy and physiology can exert on the 
life-history variables of Old World mon¬ 
keys. The different topics that have been 
covered here are also extremely variable 
and include the contribution of teeth, 
bones and fossils to life-history parame¬ 
ters (yet another excellent treatise by 
M. E. Morbeck), the evolution of post¬ 
menopausal osteoporosis (a detailed dis¬ 
cussion by A. Galloway on a Imrly 
unusual theme), and the origins and 
biology of adipose tissue in non-human 
primates and in humans (two comple- 
mentai^ chapters by C. M. Pond and R. 
McFarland), This section is arguably the 
one I found to be most interesting and 
informative; this stems not only from the 
fact that most authors investigating life- 
history variables have tended to concen¬ 
trate primarily on behavioural ecology, 
but also because of the thoroughness with 
which each of these chapters have been 
written. I learnt much from them. 

The fifth section of this volume focuses 
on what it means to be a woman in 
human society and begins with two gen¬ 
eral chapters which attempt to review 
some of the issues that may have been 
important in the evolution of the human 
female, A. Zihlman discusses some of 
the selective forces involved, choosing to 
illustrate these with the demands that 
locomotion and reproduction have placed 
on women’s bodies and their lives. She 
reviews the fossil record and our know¬ 
ledge of the anatomy and physiology of 
the extant primates and speculates on the 
patterns of evolution that finally led to 
modern Homo sapiens. The next chapter 
by S. M. Borgognini Tarli and E. Repetto 
beautifully complements this discussion 
by describing the sex differences, both 
in physical attributes and in social roles, 
that may have existed in human popula¬ 
tions through the march of civilization, 
right fiom the Paleolithic age, about 
10,000 years ago, down to the dynastic 


Egyptians, about 2000 years ago. I found 
this chapter well-researched and extremely 
interesting since this was the time in our 
history that culture began to take roots 
and obviously would have begun to 
greatly influence the evolution of modem 
humans. Human history begins to inte¬ 
grate with primate biology. 

The other four chapters in this section 
are more specific in that they deal with' 
patterns of physical and social develop¬ 
ment of women in different kinds of 
communities; they, however, do not fail 
to highlight what our general lessons are 
from these painstakingly detailed studies. 
G. A. Morelli describes what it is like 
to grow up as a girl child in two strikingly 
different societies: the Efe foraging com¬ 
munity and the Lese farming community, 
both in northeastern Zaire, P. Draper 
reviews her two-decade-long study of the 
anthropologically-femous IKung tribe of 
the Kalahari desert in Botswana and 
examines the institutionalization of gender 
roles in these people. C. Panter-Brick 
investigates some of the behavioural 
choices and the consequent energetic 
demands that confiont women, as well 
as the major ecological constraints that 
influence these choices, in the farmer- 
pastoralist Tamang community and among 
the low-caste Kami blacksmiths of north¬ 
west Nepal. And finally V. J. Vitzthum 
describes the interaction of biology, cul¬ 
ture and the environment in regulating 
the reproductive patterns of the unbeliev¬ 
ably hard-working Nunoa women of the 
southern Peruvian Andes. Remarkable 
women all - those who have been studied 
and those who study. 

What appears to be unique about this 
entire volume is that besides stressing 
the importance of natural selection in 
shaping many of the features that com¬ 
prise life history strategies of females, it 
adopts a very refreshing approach in also 
examining the vagaries of individual life- 
history stories and their consequences for 
survival and reproduction. This is, again 
in my opinion, possibly the most impor¬ 
tant contribution of this piece of work 
and the editors must be complemented 
for accomplishing this very effectively. 

The advent of a number of pioneering 
women primatolegists and anthropologists 
in the fifties and sixties profoundly 
influenced the nature of our understanding 
of gender relations and the roles that 
lemales play in nonhuman primate and 
human societies. But a book on the evo¬ 


lutionary history of women, edited by 
three women, and with all the articles 
contributed by women (20 chapters writ¬ 
ten by 19 authors) must surely be a 
unique enterprise. A remarkable book, 
also in this regard! 

Anindya Sinha 

National Institute of Advanced Studies, 
Indian Institute of Science Campus, 
Bangalore 560 012, India 


Acceptability of Risk from Radiation- 
Application to Human Space Flight, 

Symposium Proceedings No. 3, National 
Council on Radiation Protection and 
Measurements, 7910, Woodmont Avenue, 
Bethesda, Maryland, 20814-3095, USA 
1997. 


The exploration and colonization of outer 
space and the planets of the solar system 
is one of the great challenges of the 21st 
century. There is no doubt that it will 
happen sooner or later. The major con¬ 
straint that prevents it from happening 
sooner’ is not, technology, but rather 
the global political will to invest collec¬ 
tively in this long-term effort. Even 
amongst the ‘pro exploration’ advocates 
within the scientific community, there are 
rnany who question the need for a human 
presence in space. They believe that un¬ 
manned robotic exploration, like the cur¬ 
rent Pathfinder mission to Mars, will 
provide a greater scientific return per 
dollar spent than the more expensive 
manned ventures. 

Irrespective of the merits and demerits 
of these arguments, it appears inevitable, 
that at some stage, a permanent human 
piesence in space will become necessary 
lor colonization, manufacturing and 
mining ventures. The continuous presence 
of Russian cosmonauts on the Salyut and 
MIR stations, and the US-initiated and 
sponsored international space station are 
attempts at understanding the technologi¬ 
cal, biological and psychological problems 
associated with long-term space flight. 

There are many risks associated with 
human activities in space. The major ones 
include risks associated with launch and 
spacecraft malfunctions, risks associated 
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with planned and unplanned extra-vehicu¬ 
lar activity, risks of meteorite, asteroid 
and debris impact, as well as risks 
associated with the hostile environments 
of the moons and planets of the solar 
system. 

One of the risks that confront astronauts 
and cosmonauts, is a much higher expo¬ 
sure to radiation in space. This exposure 
increases their risk of getting cancer at 
some stage in their life. This publication, 
based on a symposium organized by the 
National Council on Radiation Protection 
and Measurements (NCRP), is an update 
and review of the state-oi-the-art knowl¬ 
edge on assessing and managing risks 
associated with radiation exposures of 
astronauts in space. 

Various parties associated with space 
programmes such as governments, space 
agencies, occupational health authorities, 
astronauts and the general public, view 
these risks differently. In an ideal system, 
all ol them should be used as inputs into 
the decision making process that sets 
standards and develops procedures for 
the operational management of the radia¬ 
tion risk. In the far from ideal real world, 
these different viewpoints rarely make a 
contribution. It is the technical expert 
who very often decides on what is 
appropriate and sale. What one likes about 
this book is that it breaks new ground 
about how differing views on risks can 
and have been used operationally for 
managing radiation risks in space. 

This differing viewpoint is clearly seen 
in the part of the book that touches on 
the evolution of standards. Starting with 
fairly simplistic approaches during the 
early days, these standards have evolved 
in response to improvements in knowl¬ 
edge and changes in the perceptions of 
risk. The treatment of radiation exposure 
in space as an occupational hazard and 
relating it to the risks of cancer arising 
from similar occupations on the ground, 
provides a fascinating insight into how 
both societal and technical considerations 
can contribute to the setting and revision 
of standards. 

The book contains a lot of recent 
experimental data on the nature and ex¬ 
posures to various sources of radiation 


in space. People normally think of a solar 
flare as a major ‘doomsday radiation 
event’ from all the fiction that one has 
read. The data on actual exposures en¬ 
countered by cosmonauts on the MIR 
station during one such event that 
occurred in 1989 is quite revealing. 
Clearly such intense short-duration radia¬ 
tion events can be managed safely through 
fairly simple operational procedures. The 
use ot quality factors to extrapolate 
ground experimental data using proton 
and gamma radiation to space conditions, 
where heavier more energetic particle 
radiation is predominant, raises a number 
of very interesting technical issues related 
to assessing risks and setting standards. 
These are very well addressed. A strong 
case is made out for more experimental 
work that better capture the effects of 
space radiation. 

It was interesting to find out that medi¬ 
cal experiments performed on astronauts 
resulted in greater radiation exposures 
than contributions from the space envi¬ 
ronment itself. In the competitive world 
of astronauts, there is often a need for 
them to be ‘willing’ to take such risks. 
The ethical issues for both the manager 
and the astronaut that such approaches 
raise, is well discussed. Since exposure 
limits for women are lower than for men, 
the question of how gender equality issues 
should be addressed in setting standards 
makes very interesting reading. 

The other thing that one liked about 
this book is the fascinating overview of 
public perceptions on the risks of radiation 
exposures vis-a-vis other hazards of a 
similar nature. Paul Slovic’s review of 
the various psychometric surveys reveals 
differing perceptions of such risks 
between the ‘enlightened expert’ and vari¬ 
ous sections of society. Contrary to the 
view of many ‘technical experts’, it 
appears that the public is neither irrational 
nor misinformed about such risks in 
relation to their perceived benefits. Thus 
exposure to X-rays is acceptable not only 
because of its perceived benefit, but also 
because of trust in the managers of the 
technology - the medical profession. The 
same perception does not obviously ex¬ 
tend to managers of nuclear power tech¬ 


nology who are perceived as untrust¬ 
worthy. 

One would have thought that a Russian 
view on the question of standards, radia¬ 
tion risk and safety appraisal in space 
would have provided an useful alternate 
viewpoint. This is missing. The other 
issues, which only receive passing men¬ 
tion, are the risk and safety issues arising 
from the use of nuclear power sources 
on space flights. This could possibly be 
a greater risk than the radiation environ¬ 
ment of space itself. 

Though the data in most cases is well 
presented, there are minor typographical 
mistakes in relating the texts to the 
figures. Rems, sieverts and grays which 
are the normal units for measuring 
radiation exposures are never defined any¬ 
where. Data comparisons in the tables 
are also not always made using the same 
base unit, making it difficult for the 
reader to quickly interpret and understand 
the results. These are minor blemishes. 

After reading this book one cannot help 
asking oneself whether a similar confer¬ 
ence and publication would have been 
possible in India. Of course since India 
has no immediate plans for human ven¬ 
tures in space, there may be no need for 
such a symposium. However, if one looks 
at the larger issues of occupational safety, 
especially occupational nuclear safety, 
there is a clear need for a neutral meeting 
ground under an Indian equivalent of the 
NCRP. The headlong confrontation 
between ‘romantic* environmentalists and 
the ‘insensitive’ nuclear establishment 
could perhaps be avoided if such prot5- 
esses and institutions could function in 
India. 

Policy makers in the space and atomic 
energy establishments, space scientists, 
environmentalists, people and organiza¬ 
tions involved in the measurement and 
moulding of public opinion, occupational 
safety practitioners could all benefit from 
this book. 

S. Chandrashekar 

Indian Institute of Management, 
Bannerghatta Road, 

Bangalore 560 076, India 
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Technobrat Rukmini Bhaya Nair (with 
Ramnik Bajaj and Ankur Meattle). Harper 
Collins Publishers India, 1997. Rs 350. 


Rukmdni Bhaya Nair (RBN in what fol¬ 
lows) was educated in Calcutta and at 
Cambridge University, UK, where she 
acquired a PhD in linguistics. She is 
currently an Associate Professor in the 
Department of Humanities and Social 
Sciences at IIT, Delhi. RBN is also a 
practising poet and has published a book 
of poems titled The Hyoid Bones. In 
1990 she won the first prize in the All 
India Poetry Society/British Council 
Poetiy competition. 

In her book Technobrat (written with 
contributions from two of her students) 
RBN describes her experience in teaching 
a one-semester undergraduate course (16 
weeks in duration) on Technology & 
Culture’ at IIT, Delhi. Her teaching 
methodology, as well as the structure of 
her book discussing her experience in 
teaching this course, are, to say the least, 
unconventional and pathbreaking. 

The book is not a straightforward nar¬ 
rative detailing the course HU484 through 
its various class-room sessions in chrono¬ 
logical order. It is a collage of excerpts 
from scholarly articles, magazine cuttings, 
and other texts distributed to the students 
for their study and reactions; examination 
answer-scripts handed in by the students; 
discussions among and with the students; 
all with a view to probing the students 
attitude to, and forcing the students to 
articulate and become aware of their own 
attitudes to, various facets of the main 
themes of the course Technology & Cul¬ 
ture’. 

According to the official course des¬ 
cription, The objective of this course is 
to impart knowledge on the historical and 
contemporary ideas of the nature of 
technology. The basic knowledge and 
understanding of technology and its 
impact on culture will help students 
towards a more sensible application of 
technology to benefit society .. 

The texts distributed to the students by 
RBN for their study and reaction span a 
very wide spectrum: from Nehru, 
Mahatma Gandhi and Tagore, to excerpts 
on Zen, sociobiology, computers & com¬ 
putability, and so on, all bearing on tech¬ 
nology, tradition, and culture. Technobrat 
is a somewhat difficult book to read since 
it interweaves continually RBN’s views 


of IIT students, the student’s views of 
themselves and the themes of HU484, 
and the views of the authors of the 
handouts. A shorter more accessible ver¬ 
sion of Technobrat appeared in The India 
Magazine, Oct.-Nov, 1996, pp. 48-56. 
In this brief review I shall draw on both 
the book and the earlier magazine article 
and restrict my comments to a couple of 
issues brought up by RBN and her student 
co-authors that may be of wider general 
interest. 

t -“i* 

‘Why do I call the IIT student a “brat”?’ 
asks RBN and answers her own question: 
‘The IIT undergraduate is not sassy, he 
is in control, he is well-mannered and 
polite in class. [However], under this 
suave surface I suspect other qualities: a 
ruthless competitiveness, emotional attri¬ 
tion, an extremely narrow view of social 
goals, relentlessly instrumentalist attitudes, 
md an annoying complacency’. And again: 
To be brutal, I would assert not only that 
the IIT undergraduate has a distinct tendency 
to be selfish but that he sees such selfishness 
as essential to success.’ 

RBN (ironically?) identifies the typical 
IIT undergraduate with the Rgvedic 
Tvashtri: ‘the divine artisan, the most 
skilful of workmen, well-versed in all 
wonderful and admirable contrivance’. 
Throughout the book she refers to her 
students as Tvashtris. According to her: 
'Technobrat is about the mentality of the 
technologist who might begin life as a 
hatchling in an Indian IIT, but whose 
wings span the world.’ 

H< :)! 

This leads us directly to the first major 
issue that I want to consider. In RBN’s 
words: ‘When the IITs were set up in 
the fifties and sixties, they symbolized 
India’s most optimistic projections for a 
technocratic future. They were created by 
an act of Parliament - which is, I suppose, 
quite a bit like an act of God-and 
declared among our “Institutes of 
National Importance”. As Nehru put it 
at the time, the IITs were intended “to 
provide scientists and technologists of the 
highest calibre who would engage in re¬ 
search, design, and development to help 
build the nation towards self-reliance ip 
her technological needs”.. 

RBN, wryly, adds: ‘They did produce 
technologists who were able to hold/their 
own anywhere in the world. Thedrony 
lay in the fact that their world, by the 


very virtue of their education, was no 
longer confined to India. “National self- 
reliance” meant less and less to them, 
individual self-reliance more and more.’ 

What are the students’ own views on 
this vexed question? Ramnik Bajaj, one 
of the student co-authors comments: 
Talking of IITs, I bet not just Gandhi, 
even Nehru would collapse with shock 
if he saw them today. IITs cannot even 
foster a desire to stay in India. Anyone 
who can contribute to science and tech¬ 
nology, just leaves.’ Nehru said: ‘The 
IITs are for us. We have taken “us” to 
be “U.S.” ’. 

He goes on: ‘With the enti-y of MNCs, 
opportunities here have definitely grown, 
but the dream of immigrating is alive in 
the IITian mind both by night and day. 
From the training that final year students 
undergo, they form a negative opinion 
about the professional environment in 
India. [Their attitude is]: “While we are 
young, we might as well earn some 
cash”... .’ ... A desire to return some¬ 
thing to IIT, if ever possible, does exist 
but that they would be betraying the 
country by migrating is NOT the opinion 
of the IITian. And while these arguments 
proceed, a large percentage of IITians 
quietly leave.’ 

* * * 

‘Technology literacy’ - that is, a thorough 
understanding of the potentials and im¬ 
plications of existing and emerging tech¬ 
nologies-is an essential prerequisite to 
effective diplomacy. Notwithstanding this, 
technology considerations play a negli¬ 
gible role in the shaping of our national 
policies “ whether economic, political, or 
developmental. What has been the role 
of IITs in building up technology literacy 
among its students? 

Here is Ramnik again. ‘The hard fact 
is that most of the to-be-engineers gradu¬ 
ate trom IIT without coming across any 
speculative writing whatsoever on tech¬ 
nology, and then, as technocrats, make 
policy decisions with this attitude, or 
rather, with this ignorance. In my view 
education in the philosophy of technology 
and its cultural history should be a 
requirement for every student in this age 
of technology.’ 

RBN asks: ‘How many technologists, 
whatever their contributions, have the 
towering intellectual reputation that 
attaches to an Einstein, a Raman, a Chan¬ 
drasekhar, a Bose, or a Hawking? What, 
then, might be the qualities among en- 
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gineers that resist mythification and leave 
them, as it were, out of history? And 
how might we read the cultural status of 
engineers?’ 

Of course, this supposed invisibility of 
engineers - compared to pure scien¬ 
tists-is not strictly true historically and 
globally. One can point to Edison (a folk 
hero adulated in children’s literature in 
USA), or the heroes of the early industrial 
revolution in England, or, coming to more 
recent times, Babbage, and, of course, in 
our own country, Visvesvaraya. 


Nevertheless, one must agree with RBN 
when she claims: this “silence of 

the engineers” has a long-standing cul¬ 
tural tradition behind it, involving all 
kinds of complex social attitudes, both 
“Indian” and “Western” (How many 
of us have heard of Brunei, for example, 
who has a university named after him in 
England?) 

I shall end this brief review with RBN’s 
own summing up of the book: ‘To 
ascertain just how fragile, how dangerous, 
and how necessary a place technology 


holds within our cultures, perhaps we 
need first to humanize it. In Technobrat, 
we have attempted a preliminary step in 
that direction by holding the mirror up, 
not so much to nature, as to the nature 
of engineers.’ 

R. Narasimhan 

C/o CMC Ltd, Mithra Towers, 

JO/3, Kasturba Road, 

Bangalore 560 001, India 


MEETINGS/SYMPOSIA/SEMINARS 


IV CME in Haematology and Haemato-Oncology 

Date: 2-5 May 1998 
Place: Mumbai 

IV Continuous Medical Education is oriented towards PG students 
and senior staff members from pathology, paediatrics and medicine. 
It would cover both diagnostic and therapeutic aspects. 

Contact: Dr M. B. Agarwal 

Programme Director-IV CME in Haematology 
Haematology Centre, Vijay Sadan 
168B, Dr B. Ambedkar Road, Dadar TT 
Mumbai 400 014 

Tel: 022^144453; Fax: 022-4140058 


National Seminar on Integrated Management of Plant 
Resources 

Date: 23-24 January 1998 
Place: Chhindwara 

Topics include: Strategies for integrated management of plant 
resources; Cultivation, marketing, trade and utilization of 
medicinal and aromatic plants; Bio fertilizers; Biological control 
of pests and weeds; Microbes in medicine; Mushroom production 
technology, marketing and trade; Plant-based anti-microbials; 
Extension strategies. 

Contact: Organizing Secretary 

National Seminar IMPR 
Department of Botany 
Danielson College 
Chhindwara 480 001 

Tel: 07162-2210, 2610; Fax: 07162-43237 


National Seminar on Pharmaceutical Biotechnology: Current 
Status and Future Prospects 

Date: 31 Jan. and 1 Feb. 1998 
Place: Ahmedabad 

Distinguished scientists from academia and industry will 
give lectures on therapeutic, diagnostic, pharmaceutical and 
commercial aspects of biotechnology. 

Contact: Dr Anisha Pargal 

Convener, National Seminar on Pharmaceutical 
Biotechnology 

C/o B.V. Patel Pharmaceutical Education 
and Research Development Centre 
Thaltej, Ahemedabad 380 054 
Tel: 079-490375; Fax: 079-7450449 

National Conference on Biomedical Engineering (NCBME 98) 

Date: 9-11 April 1998 
Place: Manipal 

Topics include: Medical instrumentation and measurements; 
Biomedical signal processing; Medical imaging and image pro¬ 
cessing; Physiological systems and modelling; Neural networks 
and fuzzy systems; Medical informatics; Rehabilitation engi¬ 
neering; Biomechanics; Biomaterials; Biomedical engineering 
education. 

Contact: Dr U. C. Niranjan 

Organizing Secretary, NCBME 98 
Manipal Institute of Technology 
Manipal 576 119 

Tel: 08252-71060 (15 lines) Extn 269 

Fax: 08252-71071 

E-mail: bhandaiy@kmc,ernet.in 


Edited and published by Prof. P. Balaram and Prof. S. Rarnaseshan, Current Science As.sociation. Bangalore 560 080. 
Typeset by R D Typesetters, Bangalore (Ph; 3405672). Printed by Lotus Printers, Bangalore (Ph: 3380167). 


CURRENT SCIENCE, VOL. 74, NO. 1. 10 JANUARY 1998 


85 









GOVERNMENT OF INDIA 
Ministry of Science & Technology 
Department of Biotechnology (DBT) 

BIOTECHNOLOGY NATIONAL ASSOCIATESHIP SCHEME: 1997-98 

Applications are invited from Indian nationals for the award of Biotechnology National Associateship 
for pursuing advanced research or undergoing specialized training in Indian research institutes/ 
laboratories, in the priority areas of Biotechnology, viz. (i) Molecular biology, (ii) rDNA technology, 
(iii) Immunology and immunodiagnostics, (iv) Animal cell and tissue culture, hybridomas and cell-culture- 
based vaccines, (v) Plant tissue culture, (vi) Animal biotechnology, (vii) Aquaculture and marine 
biotechnology, (viii) Peptide and nucleic acid chemistry, (ix) Modern techniques in industrial microbiology 
and bioconversion, (x) Biochemical engineering, downstream processing and bioseparation techniques, 
computer modelling and process optimization, (xi) Bioinformatics, and (xii) Emerging areas. 

The applicants should possess a Ph.D./M.D. degree in areas related to biotechnology. The 
candidates should hold regular positions in research institutions and should be actively engaged in 
biotechnological R&D work. Applications from persons working on temporary positions such as 
research fellows or associates etc. will not be considered. Scientists/technologists belonging to DSIR 
recognized in-house R&D centres under the aegis of public or private sector units, intending to 
joining public funded research institutes/national laboratories/universities and vice-versa, i.e. scientists 
from the latter institutions joining in-house R&D centres may be given some weightage for the 
award, provided they propose to work on specific scientific/technological problems relating to the 
production of Biotechnology products. 

AGE LIMIT: 40 years; candidates should not have crossed this age limit as on 1 January 1998. 

DETAILS OF THE AWARD 

I. Duration: Six months to one year. In deserving cases, the duration is extendable by a maximum 
period of one year. In addition, the Associates who avail the award for a period of 9 months 
or more in India would also be considered for 3 months training abroad. 

II. Approval for the overseas training (where admissible) will not be automatic and will be decided 
on the basis of progress made by the Associates in their work within the country under the 
award, proper justification, and recommendations of his/her Indian supervisor as well as the 
associates parent institute. The overseas training can be availed of within two years of completion 
of the research work/training within the country under the award. 

III. Associates are entitled to: (a) monthly associateship @ Rs 2500 while in India and US $ 1200 
or its equivalent during the overseas training; (b) disturbance allowance towards housing in 
India on actual rent basis subject to a maximum limit of Rs 500 per month; (c) personal 
equipment grant of Rs 2000 (lumpsum); provided the Associateship is availed in India for at 
least 6 months and in addition, a personal equipment grant of Rs 2000 for overseas training; 
(d) Research contingent grant of Rs 10,000 for 6 months period of the award and then Rs 5000 
for every three months, which is disbursed to the host institutes; (e) first class rail fare and 
air passage cost in economy class for joining host laboratories in India and abroad respectively 
and back; (f) the Associates availing the award in another institute located at the same station 
of the host institute will not get the monthly associateship and disturbance allowance, except 
the personal equipment grant and research contingency grant. 

IV. The selected candidates shall be entitled to the payment of salary and other service benefits 

by the institutions to which they belong. However, no liability on any of this account will be 
borne by DBT. 

V. Every selected candidate shall be required to execute a service bond to serve in India for at least 
one year after completing their training under the award, but in case of the overseas training, the 
bond s period will be 2 years and the bond is to be executed in supersession of the earlier bond. 
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VI. Selected candidates should commence work under the award before 31 July 1998. 

Candidates should submit their applications typed on plain paper (six copies with single enclosures) 
in the format given below. No advance copy will be entertained. Candidates should ensure that 
application through proper channel should reach to Mr R. N. Mehrotra, Director, Department of 
Biotechnology, Block 2, CGO Complex, Lodhi Road, New Delhi 110 003 by 17 February 1998. After 
completion of selection procedure, results of selection will be communicated during March 1998. 


FORMAT 

Application for the Biotechnology National Associateship 

(1997-98) 

(1) Applicant’s Name (in full), Designation and Address; (2) Father’s/Husband’s Name; (3) Date and 
Place of Birth and Age; (4) Academic Qualifications (degrees onwards with subjects of specialization 
and Distinction(s), if any); (5) Past and Present Employment Record (give details about employer(s), 
position(s) held and its nature — temporary/permanent, duration, duties and pay in chronologicai 
order); (6) Subject of current Research Work (enciose details of the research work being pursued 
by the candidate); (7) No. of research publications during the last five years (enclose list and attach 
reprints of 3 research papers which you consider the best); (8) Proposed subject of research/training 
(enclose (i) the precise research/training programme to be undertaken during the award, (ii) its 
relevance to the priority areas identified by DBT, (iii) to the pians and programmes of the parent 
institute, aiso (iv) candidate’s future research pian for utiiizing the knowledge gained during the 
award); (9) Proposed place of research/training (has the consent of host-institution been obtained?, 
if so, attach the consent letter); (10) Period for which the associateship be availed; (11) Duration 
and other details of the past overseas visits, if any, (12) To which DBT identified priority area, the 
proposed research/training programme beiongs. 


Date Signature of the Candidate 


STATEMENT FROM THE PRESENT EMPLOYER 

As per the terms and conditions of the associateship, candidates selected for the awards should 
be granted deputation terms such as entitlement to the payment of full salary and continuation of 
other service benefits during the period of the associateship by their employers. The parent 
institutions/employers must indicate clearly their commitment to this effect as also about continuity 
of employment after the associateship period. Applications which are forwarded without such statement 
may not be considered. Whether the candidate is on regular or permanent staff of the institutions 
must also be indicated in the statement. 

NOTE: (1) The Associateship is tenable only at those institutions which are engaged in major 
biotechnological research programmes. The DBT has identified the following list of such institutions: 
BARG, TIFR, HLRC, CRI, IIT, Haffkins Institute, Bombay; AIIMS, JNU, DU, CFB, lARI, NT, Nil, 
Delhi; NCL, NIV, HAL, Poona University, NFATCC, Pune; IICB, Bose Institute, Jadavpur University, 
Calcutta; IVRI, Izatnagar; lISc, Bangalore; Anna University, IIT, Chennai; IIT, Kharagpur; CCMB, 
Hyderabad; IMT, Chandigarh; CFTRI, Mysore; CRI, Kasauli; RRL, Jammu; CDRI, NBRI, CIMAP, 
Lucknow; MKU, Madurai; BHU, Varanasi; MSU, Baroda; Roorkee University. However, other institutions 
having well established lab facilities and working actively in areas of biotechnology may also be 
considered in this regard. Candidates should correspond themselves with their host-institutes for 
their placement. (2) The Associateship is not tenable at the candidates’ parent institutes. (3) 
Applications not sponsored by employer and forwarded by the institution/organization or received 
after the last date are likely to be rejected. 
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School of Biological Sciences, Madurai Kamaraj University 


Madurai 625 021, India 


The following positions are 

available in our School: 

Title of the Project 

Position(s)/Duration/ 

Project Investigator 

Fellowship (Rs/month) 

Prof. S. Mathavan 

a) Mariner transposons in silkworm 

One JRF/3 years/2500 


b) Sperm-mediated gene transfer 

One RA/1 year/3200 

Dr M. Hussain Munavar 

Transcription control in E. coli 

One JRF/3 years/2500 

Prof. P. Gunasekaran 

Genetic regulation of sucrose genes in 

One SRF or RA/ 


Z mobilis 

3 years/2800 or 3300 

Prof. C. Rajamanickam 

a) Characterization of cDNA specific for a 
serum protein induced during cardiac hypertrophy 

One JRF/2 years/2500 


b) Studies on ... Rhinosporidium seeberi 

One SRF/2 years 
Medical, 3200/Non- 
Medical, 3000 

Qualifications: For JRF and 

SRF positions, candidates with M.Sc. degree in Biology/Microblology/Biochemis- 

try/Biotechnology and allied subjects may apply. Candidates with NET/GATE qualification and previous experience 

in the relevant subject will be preferred. The selected candidates may be allowed to 

register for Ph.D. as per 

university regulations. For RA position It is desirable to have Ph.DVgood publications in modern biology. 

Send your application with CV by post to the respective Investigator’s 

address or e.mail to 

MATHAVAN@PRONET.XLWEB.COM. The last date for the receipt of applications is 6 February 1993. 


COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH (CSIR) 

NEW DELHI, INDIA 

ADVT. NO. 13/97 

POSITION: DIRECTOR, CENTRAL ROAD RESEARCH INSTITUTE (CRRI), NEW DELHI 

CSIR, the premier agency established by the Govt of India to undertake scientific and industrial 
research in the country, is looking for suitable scientist/technologist for the post of Director for its 
Central Road Research Institute (CRRI), New Delhi. The Institute conducts basic and applied research 
in the areas of Highway Engineering and allied subjects, provides know-how for improved and 
economical methods for construction and maintenance of roads, runways, bridges, etc. and assists 
the highway user agencies through consultancy, contract research and training. Some of the major 
R&D programmes of the institute relate to pavement design and performance, road condition 
monitoring, pavement deterioration modelling, landslide management, hazard mitigation and improved 
transportation planning for urban areas. In addition, applied research on planning and engineering 
of rural roads, highway instrumentation, traffic engineering, roads safety and environmental problems 
form an integral part of the R&D programmes of the Institute. 

The post carries the pay scale of Rs 5900-200-7300 (to be revised on implementation of new 
scales of pay) plus allowances as admissible to Central Govt officials. Consultancy is permitted 
without any ceiling on the annual consultancy remuneration. The appointment to the post will be 
on contract for a period of six years or superannuation, whichever is earlier. 

For further details, please contact the Director-General, CSIR, Rafi Marg, New Delhi 110 001, 
India. Fax, 3710618; Telex, 031-65202 CSIR IN, 031-66147 CSIR IN; Gram, CONSEARCH, NEW 
DELHI. Last date for submission of application is 30 January 1998. 
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COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH (CSIR) 

NEW DELHI, INDIA 

ADVT. NO. 14/97 

POSITION: DIRECTOR, CENTRAL ELECTROCHEMICAL RESEARCH INSTITUTE 

(CECRI), KARAIKUDI 

CSIR, the premier agency established by the Govt of India to undertake scientific and industrial research in 
the country, is looking for suitable scientist/technologist for the post of Director for its Central Electrochemical 
Research Ins i ute (CECRI), Karaikudi. The Institute conducts research in different areas of electrochemistry 
and allied fields. It develops new processes and products in the areas of its specialization with a view to 
provijng import substitution and increasing export potential of the country; and to help both the Indian industry 

th'? lnSi?,.t?'^r^ro®"tn ? consultancy, contract research and training. The major R&D programmes of 
the Institute relate to batteries and power sources, corrosion science and engineering, electrochemicals 
e ectrochemical material science, electrohydrometallurgy, electropyrometallurgy, electrochemical instrumentation 
electrodics, eiectrobmiogy and industrial metal finishing. The institute has excelient research facilities with three 
field stations-at Chennai, Ernakulam and Tutlcorin. 

The Inshtute has an annual budget of about Rs 8 crores and S&T staff of about 680, out of which 190 
are scientists. 

The post carries a pay scale of Rs 5900-200-7300 (under revision) plus allowances as admissible to Council 

officials. The appointment to the post will be on contract for a period of six years or superannuation, whichever 
IS earlier. 

Director-General, CSIR, Rafi Marg, New Delhi 110 001, India. Fax 
3710618; Telex, 031-65202 CSIR IN; Gram, CONSEARCH, NEW DELHI. 

Interested candidates may send their complete biodata by 30 January 1998 to the Director-General CSIR 
Hat! Marg, New Delhi 110 001. 


COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH (CSIR) 

NEW DELHI, INDIA 

ADVT. NO. 15/97 

POSITION: DIRECTOR, CENTRAL MINING RESEARCH INSTITUTE (CMRI), DHANBAD 

CSIR, the premier agency established by the Govt of India to undertake scientific and industrial research in 
the country, is looking for suitable scientist/technologist for the post of Director for its Central Mining Research 
Institute (CMRI), Dhanbad. CMRI is devoted to carry out R&D activities in the field of rock mechanics, mining 
methods, mine environment and safety; to develop mine machinery equipment and instruments to make mining 
safe, productive, environment-friendly and economical; and to develop ways of reducing environmental pollution 
due to mining and minimizing health hazards to miners. The major R&D programmes of the Institute relate 
to development of mining technology for the exploitation of complex coal deposits and total packages for 
optirnal exploitation of mineral deposits other than coal; numerical modelling of rock excavation and computer 
application in mine planning and design from stability and safety points of view, development of underground 
space technology and technology for construction of tunneis, dams and caverns. The Institute has two field 
centres - at Nagpur and at Roorkee. 

The Institute has an annual budget of about Rs 650 lakhs and S&T staff of approximately 450 out of which 
about 125 are scientists. 

The post carries the pay scaie of Rs 5900-200-7300 (under revision) plus allowance as admissible to 
Council employees. The appointment to the post will be on contract for a period of six years or superannuation 
whichever is earlier. 

For further details, please contact the Director-General, CSIR, Rafi Marg, New Delhi 110 001 India Fax 
3710618; Telex, 031-65202 CSIR IN, 031-66147 CSIR IN; Gram, CONSEARCH, NEW DELHI. ’ 

Interested candidates may send complete biodata by 30 January 1998 to the Director-General CSIR Rafi 
Marg, New Delhi 110 001. ’ ’ 
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INDIAN INSTITUTE OF CHEMICAL BIOLOGY 
4, RAJA S.C. MULLICK ROAD, JADAVPUR 
CALCUTTA 700 032 

ADVERTISEMENT NO: S&T 2/97 

Applications are invited from the Indian citizens for the following posts in the Indian 
Institute of Chemical Biology (IICB), Jadavpur, Calcutta 700 032 under Council of 
Scientific & Industrial Research. 

1. SCIENTIST, GR-IV(2) 

3 (Three) posts. 

Scale. Rs 10000-325-15200 (plus allowances as admissible to Council employees). 
Essential qualification: 

1st Class M.Sc. with Ph.D. degree in Physics/Chemistry/or any branch of Life Sciences. 
At least two years Post-Doctoral Research experience in Molecular Blology/Genetics/ 
Neurobiology/lmmunology/Microbiology/Human Genetics. 

Desirable: 

Adequate knowledge of the state-of-the-art technologies in the area of rDNA research. 
Capability to conduct research independently in frontline area. 

Age: 

35 years as on 1 January 1998. Relaxable in the cases of SC/ST/OBCs as per rule. 

2. TECHNICAL ASSISTANT, GR-III 

3 (Three) posts. 

Scale. Rs 4500-125-7000 (plus allowances as admissible to Council employees). 
(ST, one post & OBCs, two posts). 

Essential qualification: 

1st Class B.Sc. with Honours in Chemistry/Life Sciences. 

Desirable: 

Experience in Laboratory Techniques. 

Age: 

28 years as on 1 January 1998. Relaxation in the cases of SC/ST/OBCs, as per rule. 
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Interested candidates may apply on the prescribed application form obtainable free of 
cost from the Controller of Administration, IICB, Calcutta 700 032 by sending a self- 
addressed envelope superscribing the name of post applied for, affixing postal stamp 
worth Rs 2.50 only. 

Complete application form along with copies of certificates/testimonials and application 
fee of Rs 25 (rupees twentyfive oniy) in the form of crossed IPO drawn in favour of 
Indian Institute of Chemical Biology, Jadavpur, Calcutta 700 032 should reach by 
31 January 1998. Candidates belonging to SC/ST categories are exempted from payment 
of application fee. 

If the number of applications received for a post is large, the Screening Committee 
may adopt higher criteria for shortlisting candidates to be called for interview/tests. The 
decision of the Director, IICB, in this behalf will be final. 

Candidates invited for interview, will be paid single 2nd Class Train fare from the place 
of their residence to Calcutta/IICB and back. 


GENERAL CONDITIONS 

1. Appointment to the posts of Scientist, Gr-IV(2) will be on Contract for six years in 
the first instance. 

2. The name of post applied for and its serial number as appeared in the advertisement 
must be clearly indicated in the application form. Candidates applying for more than 
one post, should send separate application for each post. 

3. These posts carry usual allowances as admissible under the Central Government 
Rules as applicable to the Council of Scientific & Industrial Research. 

4. Applications from the candidates working in Govt Departments, Public Sector 
Organisations and Govt-funded Research Agencies will be considered only if forwarded 
through proper channel and with a clear Certificate that the applicant will be relieved 
within one month of receipt of the appointment order. 

5. Relaxation in age limit, qualification and/or experience will be allowed only in case 
of exceptionally meritorious candidates, subject to approval of competent authority. 
Five/Three years age relaxation for SC, ST/OBCs is allowed. 

6. Mere fulfilling of the minimum prescribed qualification and experience will not vest 
any right in a candidate for being called for interview. The Institute reserves the 
right to call for interview only those candidates who in its opinion are likely to be 
suitable and will not entertain any correspondence in respect of other applicants. 

7. Canvassing in any form/or bringing in any influence?, political or otherwise, will be 
treated as disqualification for the post. 

8. No interim enquiries will be entertained. 
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Professor S. R. Palit Memorial Award-1999 


Nominations are invited for the award of Professor Santi Ranian Palit 
Memorial Award for the year 1999. 

The award of Rs 10,000 value is instituted in the year 1985 in memory 
of iate Professor Santi Ranjan Palit, a distinguished physical chemist and 
pioneer in Polymer Science who served Indian Association for the Cultivation 
I of Science as a Professor of Physical Chemistry during 1947-1976. The 
biennially by Indian Association for the Cultivation of Science 
(lACS) to distinguished scientists for outstanding research contribution 
made in India during the ten years preceding the year of award in the 
fields of Physical Chemistry and/or Polymer Science. 

Nomination's may be submitted by Vice-Chancellors of Universities- Deans 
of Science, Engineering and Technology faculties of Universities, Institutes- 
Directors of IITs and similar other institutions such as lISc, Bangalore' 
Directors of National, CSIR and Government laboratories; Heads of R&D 
organizations that are engaged in research in Physical Chemistry and/or 
*^'’®®'^®'^^®'^^^®''''^®'^/Directors of INSA, ISRO, ONGC 
P''®sidents/Chief Executives of Registered Scientific 
Societies and the previous Palit awardees. Each such nomination shall 
accompanied by a bio-data of the nominee along with a list of 
pubiications, highlights of the work carried out by the nominee and a 
critical assessment report (not more than 500 words) highlighting the 
importance and significance of the research contribution made by the 
nominee during the ten years preceding the year of the prize ^Each 
nomination must be accompanied by a reprint, each of not ni^ore than 5 

key publications of the nominee and a declaration/certificate that the work 
has been carried out in india. 

sponsors should be marked confidential 
r ?r y AD post to the Director, Indian Association for 

the Cultivation of Science, Calcutta 700 032 latest by 30 June 1998. 


Professor D. Chakravorty 
Director 

Indian Association for the 
Cultivation of Science 
Calcutta 700 032 
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INFORMATION FOR CONTRIBUTORS 


GENERAL 

All manuscripts should be addressed to the Editor, Current Science, 
P. B. No. 8001, C. V. Raman Avenue, Bangalore 560 080. 
Submission of an article will be held to imply that it has not 
been previously published and is not under consideration for 
publication elsewhere; and further, that if accepted, it will not be 
published elsewhere. Three copies of contributions of all categories 
are required, with a letter of transmittal giving (i) names and 
complete addresses of the authors and (ii) title of the contribution 
and the category in which it is submitted (see below). 

Current Science is a multidisciplinary journal and therefore research 
and review papers of general significance that are written clearly 
and well organized will be given preference. All papers will be 
first assessed by a Reviewing Editor. Papers found unsuitable in 
terms of the overall requirements of the journal will be returned 
to the authors. The others will be sent for detailed review. Both 
solicited and unsolicited material will be reviewed. Authors of 
these papers will be notified of acceptance, rejection, or need for 
revision of the paper. Returned papers cannot be resubmitted. 
Illustrations and other material to be reproduced from other pub¬ 
lications must be properly credited; it is the authors’ responsibility 
to obtain permission for reproduction (copies of letters of permission 
should be sent). 

CATEGORIES OF MANUSCRIPT 

General articles (not exceeding 5000 words) discuss current trends 
in research in a field that will be of interest to readers outside 
the field; interdisciplinary topics: science policy and administration; 
or some aspect of the application of science and technology to 
human needs or the impact of science and technology on 
society/ecosystems/life. They should include a summary not exceed¬ 
ing 100 words, introductory paragraph(s), brief subheads at appro¬ 
priate places to point to what follows, illustrations that will help 
a general reader, and references. 

Review articles (not exceeding 5000 words) are expected to survey 
and discuss recent developments in a field. They should be well 
focused and organized, and avoid a general, ‘textbook’ style 
Research articles (not exceeding 4000 words) should report research 
results of fairly major significance. They should include an abstract 
not exceeding 100 words, introductory paragraph(s), and brief 
subheads. 

Research communications (not exceeding 2000 words) should 
contain important findings that are novel and of fairly broad 
interest. They should include a brief abstract and an introductory 
paragraph. Text should not be broken up under subheads. 
Correspondence includes letters, not exceeding 500 words that 
of general interest to scientists. All letters cannot be published 
Scientific correspondence contains technical comments, including 
those on articles or communications published in Current Science 
within the previous six months. Letters may be reviewed and edited 
Research news articles are intended to inform nonspecialists about 
recently published advances or important findings discussed at a 
meeting. Authors should also send a copy of the paper(s) on which 
the article is based. Meeting reports should avoid merely listing 
brief accounts of topics discussed, and must convey to readers the 
significance of an important advance. 

Research accounts articles are intended to be personalized reviews 
of research from the authors’ own laboratory, based on a body 
of published work. The articles must provide appropriate background 
to the area in a concise introduction, which should also serve to 
place the author’s work in proper perspective. Articles will normally 


not exceed 8 to 10 printed pages. 

Opinion articles present views on issues related to science and 
scientific activity. Commentary articles should contain expository 
notes on issues related to science and scientific activity. 

Book reviews. Unsolicited reviews will also be considered. Reviews 
that merely ‘list’ brief descriptions of the contents cannot be 
published. Reviews should have ‘context’ and convey some infor¬ 
mation about the subject of the book. 

Historical commentary and notes inform readers about interesting 
aspects of personalities or institutions of science or about watershed 
events in the history/development of science; most are expected 
to relate to India. Illustrations are welcome. Brief items will also 
be considered. 

MANUSCRIPT PREPARATION 

Manuscripts should be typed double-spaced on one side of white 
bond paper (21x28 cm). The pages .should be numbered con¬ 
secutively, starting with the title page and through the text, reference 
list, tables and figure legends. The title should be brief, specific 
and amenable to indexing. Not more than five keywords should 
be indicated separately; these should be chosen carefully and must 
not be phrases ol several words. Summary and abstract should 
not have more than 100 words and should convey the main point 
of the paper, outline the results and conclusions, and explain the 
significance of the results. 

Text. All papers should have a brief introduction. The text should 
be intelligible to readers in different disciplines and technical terms 
should be defined. Tables and figure.s should be referred to in 
numerical order. All symbols and abbreviations must be defined, 
and used only when aKsolutely necessary. Superscripts and subscripts 
and ambiguous characters should be clearly indicated. Units of 
measure should be metric or, preferably, SI. Methods should, as 
far as possible, be described briefly in appropriate table and figure 
legends. 

Figures. In the case of line drawings one set of originals (without 
any lettering) is sufficient, with two copies containing lettering. 

In the case of photographs good prints are required with each 
copy of the manuscript; photocopies are not acceptable. Line 
drawings should be roughly twice the final printed size. The coiTCct 
orientation should be indicated if not clear. 

Photomicrographs and other photographs that require it must have 
a scale bar, which should be defined clearly in the legend. Primaiy 
data should be submitted as far as possible (e.g. actual photographs 
of electrophoretic gels rather than idealized diagrams). 

References should be numbered in the order in which they appear, 
first through the text and then through table and figure legends. 
The following are examples of ways of writing references. 

1. Mukundan, T. and Kishore, K., Ciirr. ScL, 1991, 60, 355-362. 

2. Constantine, G., in Biology of Bats (ed. Wimsatf W. A.), 
Academic Press, New York, 1970, vol. !, pp. 319-322 
Acknowledgements should be brief. Footnotes are not allowed 
except to identify the corresponding author if not the first. 

Cover photographs. Good photographs (colour or black and white) 
that pertain to a submitted paper will be considered for u.se on 
the cover. Good prints and a legend should be submitted with the 
manuscript. In the case of a colour picture, a transparency will 
be required for printing if accepted. 

PROOFS AND PUBLICATION 

Two sets of galley proofs are sent to the corresponding author. 

A reprint order form accompanies the proofs. 
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Honey, it’s just the byproduct 

William Morton Wheeler, credited with 
the first use of the word ‘ethology’ in 
the modern sense of the science of the 
study of animal behaviour and described 
by one of his colleagues as ‘the greatest 
savant of encyclopedic erudition’ and 
by another in the words ‘there was no 
man living more suited to carry on a 
conversation with Aristotle’, has de¬ 
scribed honey bees in the following 
words; ‘Its sustained flight, its powerful 
sting, its intimacy with flowers and 
avoidance of all unwholesome things, 
the attachment of the workers to the 
queen - regarded throughout antiquity 
as a king - its singular swarming habits 
and its astonishing industry in collect¬ 
ing and storing honey and skill in mak¬ 
ing wax, two unique substances of great 
value to man but of mysterious origin, 
made it a divine being, a prime favour¬ 
ite of the gods, that had somehow sur¬ 
vived from the golden age or had 
voluntarily escaped from the garden of 
Eden with poor fallen man for the pur¬ 
pose of sweetening his bitter lot’ 

Using Apis mellifera in Europe and 
Apis cerana (formerly called Apis in- 
dica) in Asia, beekeepers have perfected 
the art of growing large numbers of bee 
colonies and harvesting honey and wax. 
It turns out, however, that economically 
speaking, honey and wax are really mi¬ 
nor byproducts and that the service 
provided by the bees as pollinators of 
crops is by far of much greater value. 
Bees need pollen and nectar for their 
survival and one might naively think 
that a beekeeper should pay a farmer for 
allowing his bees to forage in his field 
or orchard. Instead, the benefits to the 
farmer in terms of the increased crop 
yield and superior quality of fruits is so 
great that farmers pay substantial sums 
to bee keepers for the pollination serv¬ 
ice that their bees provide. In the United 
States for example, the going rate is $45 
per colony that is brought to the vicinity 
of the field or orchard at the appropriate 
time. It has been estimated that each 
year, honey bees pollinate crops worth 
$1.4 billion in Canada and $9.3 billion 
in the US. 


How this eco-friendly green revolu¬ 
tion has eluded India, despite a clear-cut 
recommendation made by the National 
Commission of Agriculture in 1976 is 
movingly described on page 121 by 
R. R. Savoor, a retired Additional Sec¬ 
retary to the Government of India and 
an amateur bee keeper. The loss that 
India has suffered, by not yet imple¬ 
menting the recommendations of the 
National Commission and thus by not so 
far resorting to ‘pollination manage¬ 
ment’ to improve crop productivity is 
made all the more serious because re¬ 
cent advances in honey bee science have 
further enhanced the value of domesti¬ 
cated bees as providers of pollination. 
The honey bee queen produces a host of 
chemicals collectively known as the 
queen pheromone which the workers 
use, among other things, to stay close to 
the queen. Keith Slessor, Mark Winston 
and others of Simon Fraser University 
in Canada have identified and synthe¬ 
sized the essential components of the 
queen pheromone and have begun to 
spray it on crops - to let the workers 
think that that’s where their queen is! 
Preliminary results indicate increased 
yields amounting to thousands of dol¬ 
lars per hectare. It’s time we woke up 
atleast to the 20th century, let alone the 
21st!. 

Raghavendra Gadagkar 

Generating wealth by catering 
to health; Wise management of 
biosphere reserves through 
cultivation of medicinal plants 

Of the many difficult decisions associ¬ 
ated with the setting up and manage¬ 
ment of biosphere reserves, perhaps the 
most challenging one concerns the role 
of the local people, especially the tri- 
bals. Simply banishing them from the 
reserves is a typical, hamhanded solu¬ 
tion, which brings great misery to a 
large number of people. Allowing them 
to continue as earlier, though apparently 
a humane option, is self-defeating in the 
long run. The tribals in most places just 
about manage to subsist, with hunting, 


gathering and rudimentary agriculture. 
Condemning them to continue at the 
same economic level is unethical; how¬ 
ever, improving their economic status 
by bringing more land under agriculture 
goes against the spirit of setting up a 
biosphere reserve. 

An extremely imaginative and practi¬ 
cal solution to this conundrum, de¬ 
scribed on page 157 of this issue, has 
been proposed by R. K. Maikhuri, S. 
Nautiyal and K. S, Rao of G. B. Pant 
Institute of Himalayan Environment and 
Development and K. G. Saxena of 
Jawaharlal Nehru University. They have 
focused their attention on medicinal 
plants; a low-volume, high-value prod¬ 
uct, which could be produced and mar¬ 
keted with relative ease, and also makes 
an ideal use of the traditional knowl¬ 
edge and skills of the local people in the 
production process. A detailed case 
study of eight species of medicinal and 
aromatic plants, being cultivated by the 
Bhotia tribe for the last several decades 
in the buffer zone of the Nanda Devi 
Biosphere Reserve has been presented. 
Particularly noteworthy is the fact that 
information on the whole range of is¬ 
sues - collection in the wild vs cultiva¬ 
tion, agronomic practices, yields 
obtained, the economic returns, etc. - 
has been carefully documented. The 
authors have put forward a very con¬ 
vincing argument supporting the finan¬ 
cial viability of this enterprise. 

When a large project with multiple 
objectives is implemented, one is nor¬ 
mally resigned to the fact that some 
group or the other would be adversely 
affected, and that some of the objectives 
may be mutually antagonistic. The im¬ 
portance of the approach proposed in 
the article is in meeting the goals with¬ 
out anyone being worse off. The world- 
at-large gets medicinal plant-based 
products, the tribal cultivators get 
higher income despite cultivating only 
relatively small pieces of land, and, 
most importantly, some of the endan¬ 
gered and threatened medicinal plant 
species are prevented from becoming 
extinct — which was the main reason for 
setting up a reserve in the first place! 

N. V.Joshi 
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Creativity in science 


Creativity is the trait of inventing, de¬ 
signing, contriving something original 
and unravelled so far. Such ‘finds’ 
stimulate epochal work which has far- 
reaching implications for humankind 
and find applications sooner or later. 
Majority of the human beings remain 
wonderstruck about how the person 
conceived the idea and why it did not 
occur to them. Creativity has correlation 
with intuitive skills and serendipity. 
Albert Szent Gyorgi said, ‘Discovery 
consists of seeing what everybody has 
seen but thinking what nobody else has 
thought.’ Apples had been seen falling 
down by people all over the world down 
the ages but it was Newton only who 
questioned why it did not go up. Simi¬ 
larly, Einstein has been quo.ted as saying 
that when he was 15 years old, he asked 
himself: ‘What would the world look 
like if he were moving with the velocity 
of light.’ He started thinking about the 
idea at the age of 15. He was 25 when 
he formulated the theory of relativity 
(Garfield, E., Curr. Contents, 1989, 34, 
3-7). Knowledge is passed from gen¬ 
eration to generation. Each generation 
not only perceives the previously ac¬ 
quired knowledge to pass it further but 
increases and multiplies it. We must do 
something new, something unknown to 
all previous generations. A good teacher 
and mentor inspires the craving for 
knowledge (Peterov, R. V., Me or Not 
Me, Mir Publishers, Moscow, 1987). He 
teaches his students to choose the un¬ 
trodden paths. He is not successful if 
the student has no such craving and 
only repeats what others say or show 
him (usually such behaviour gets culti¬ 


vated in the feudalistic environment, 
when people higher up in the hierarchy 
at every step expect and appreciate re¬ 
sponse as per their preconceived notions 
and lack objectivity, vision and intellec¬ 
tual strength). Incompetence breeds 
incompetence. 

Creativity can be likened to the culti¬ 
vation of fruit from seed. Both need 
proper conditions to germinate, grow, 
develop, bloom, come to maturity and 
bear fruit (Garfield, E., Curr. Contents, 
1989, 43, 3~9). If conditions are not 
propitious, then most of the seeds would 
die and only a few exceptionally hardy 
ones would germinate. Obviously, the 
rate of germination is more in the coun¬ 
tries where day in and day out newer 
and newer developments are taking 
place. Certainly, one factor of funda¬ 
mental importance for fostering creativ¬ 
ity is the ‘social environment’. The 
worst social trait which stifles creativity 
is feudalism in the social system. This is 
the bane of most of our scientific and 
educational institutions. Mentor rela¬ 
tionship is of utmost importance for 
fostering creativity. There are umpteen 
examples of chains of teachers and their 
students winning Nobel Prizes. Mentor 
relationship instils in the young minds 
the trait of ‘how to hit the tough and the 
most challenging problem in the front 
line areas’ {Curr. Contents, 1989, 43, 
3-9). The knack of choosing the re¬ 
search problem and tackling it, the right 
way is conveyed by close association 
with intellectual giants. ‘Beware of the 
zamindars in science’. They are feudal¬ 
istic, and try to cash in on the latest fads 
in science for personal glory which 


feeds ego but harms the intellect. The 
role of science administrators (at every 
level in the hierarchy) is the most cru¬ 
cial in fostering creativity. They ought 
to have a panoramic vision, professional 
and intellectual strength and solicitude 
for their research team. A. E. Pannen- 
borg (Research Administrator, Philips) 
said. It is incumbent upon those who 
are in charge of the research groups to 
create conditions that would allow the 
gifted young scientists to adequately 
follow their creative instincts’ (Eur. 
Heart J., 1988, 8, 14-16). It is very 
important and urgent to realize, espe¬ 
cially in the Indian context, that no 
additional financial inputs/funds are 
required for creating conditions and 
environment conducive to creativity in 
science. Right questions must be asked 
for seeking the right answers. Discus¬ 
sions in the peer groups play a pivotal 
role in this process. One must listen 
more attentively to the opinion of young 
people who are statistically in more 
creative age group (20-40 years age). 
Creativity requires intuition, identifica¬ 
tion and pursuit of anomalies, hot chase 
of unexpected data, weird thinking and 
pursuit by umpteen experiments, con¬ 
stant verification of data by the laws 
known or likely to be known (Watson, J. 

D, , The Double Helix, Penguin Books, 
New York, 1970; Hazen, R. U., Break¬ 
through: The Race for Superconductiv¬ 
ity, New York Summit, 1988; Garfield, 

E. , Curr. Contents, 1989, 45, 3-9). 

For introspection, let us recall that 
C. V. Raman is still the only scientist 
who has won the Nobel Prize so far for 
work done in India. This is in spite of 
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the fact that our science and technology 
task force is numerically the third larg¬ 
est in the world. It is germane to get 
back to the two publications during the 
recent years which provide very objec¬ 
tive insight into the 'health profile' of 
institutions of scientific research in our 
country (few islands of excellence and 
small, isolated motivated research 
groups must be considered an excep¬ 
tion) (Proceedings of the seminar held 
at INSA, New Delhi on Scientific Val¬ 
ues and Excellence in Science; Ahmed, 


R. and Rakesh, M,, Insights into Scien¬ 
tific Research in Indian Universities 
and the Institutes of Technology, CSIR, 
New Delhi, 1991). The consensus is that 
there is fast decline and this has been 
corroborated by the latest analysis 
(Raghuram, N. and Madhavi, V., 
Nature, 1996. 383, 572). It is high time 
to take pragmatic corrective measures, 
which would attract young minds to 
scientific research. It is all the more 
urgent in the changing international 
scenario for obviating the import of 


technology. It is important that scien¬ 
tific institutions and universities have 
their frequent health check-up. The 
early detection of the malady would be a 
step forward for the cure.. 


Om P. Sharma 

Biochemistry Laboratory, 

Indian Veterinary Research Institute, 
Regional Station, 

Palampur 176 061, India 


Use of lint as soil conditioner 


The August issue of the Scientific 
American, which reached me late, 
has, on page 19, an illustrated news 
feature on the use of lint from textile 
factories as soil conditioner, immense 
benefits in reclaiming degraded soils, 
increasing yields, etc. flowing from 
such practice. 

It surprised me very much to find the 
feature presenting the matter as if it 
were a new discovery. Some years ago 
(in the early seventies), the authorities 
of the suburban train services in Mum¬ 
bai (then 'Bombay’) decided to lease 
out railway lands, wherever free on ei¬ 
ther side of the tracks, for raising vege¬ 
tables. As a leading newspaper of 
Mumbai had the story, the first act of 
the lessees was to plough in cotton 
waste, available in plenty from (the then 
active) textile mills in the city. Thus 
conditioned, the lands are said to have 
given excellent yields from whatever 
was raised. I believe the practice still 


continues, but the produce is probably 
exported, mostly to the Gulf countries, 
now. 

On inquiry, I learnt from some farmer 
acquaintances of mine in Bangalore 
Rural District that there has long been a 
practice of mixing cotton waste (that 
became easily available from some cot¬ 
ton textile mills established in the early 
part of this century in the Bangalore 
region) with composted municipal 
vegetable garbage and ploughing in the 
mixture. 

What has been reported in the Scien¬ 
tific American is, therefore, not novel - 
the ‘new’ use found for lint has only 
succeeded in solving the disposal prob¬ 
lems of, and enhancing the profits of, 
some very large textile finishing facto¬ 
ries in the El Paso region of Texas 
which produce several tpd of the mate¬ 
rial. We may even grant that the statis¬ 
tics on the increases in yield, slow 
release of nutrients, prevention of fertil¬ 


izer run-offs into nearby water bodies, 
etc. are new. But presenting the use of 
cotton waste/lint as a soil conditioner as 
a new, probably patentable, ‘invention’ 
is certainly not acceptable. The presen¬ 
tation is no different from those as¬ 
cribed to Soviet writers on the history of 
science and technology trying to attrib¬ 
ute the invention of the steam engine to 
a Russian-born, ‘socialistic’ (even in 
Tsarist times!), tinkerer (presumably, 
those re-writers of history must have 
been parochial and born in the Russian 
region of the erstwhile Soviet ‘Union’). 

I do hope our agricultural scientists 
would take note of the feature and ex¬ 
press their knowledgeable reactions to 
it. 


S. N. Balasubrahmanyam 

D.Q. No. 14, IISc campus, 

Bangalore 560 012, India 


Square-grid patterns in a twist grain boundary phase 


I was interested to read the report enti¬ 
tled ‘A three dimensionally modulated 
structure in a chiral smectic-C liquid 
crystal’ by P. A. Pramod, R. Pratibha 
and N. V. Madhusudana {Curr. ScL, 
1997, 73, 761). The purpose of this note 
is to present some unpublished work 
carried out about 5 years ago, when I 
was a Ph D student at the Raman Re¬ 

98 


search Institute, which broadly confirm 
the conclusions drawn by these authors. 

My studies were carried out on binary 
mixtures of 4-(2'-methylbutyl)phenyl 4'- 
/z-octylbiphenyl-4-carboxylate (CE8) 
and 4-n-dodecycloxybiphenyl-4'-(2'- 
methylbutyDbenzoate (Cl2). The phase 
diagram I reported in my thesis (1992, 
chapter 5) was obtained before the 

CURRENTi 


twist grain boundary phase with 
smectic-C-like blocks (TGBc) was es¬ 
tablished and hence the phase diagram 
was incomplete. Subsequently I re¬ 
examined the textures. A modulated 
structure was clearly seen at tempera¬ 
tures below the TGB/^ phase (phase with 
smectic-A-like blocks); photographs of 
the modulated structures are reproduced 
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Figure 1, Square-grid patterns seen under a 
polarizing microscope between crossed po¬ 
larizers in the twist grain boundary phase for 
a mixture of composition 58.7% of Cl2 and 
41.3% CE8, by weight. Temperature of the 
sample is (a) 11 L6“C (b) 111.1°C. Note the 
increase in the grid spacing in (b). 

in Figure 1. They resemble the square- 
grid pattern observed in cholesteric 
liquid crystals under the action of an 
electric field applied normal to the heli¬ 
cal axis (S. Chandrashekhar, Liquid 
Crystals, Cambridge University Press, 
Cambridge, 1992, figure 4.6.4, p. 282). 
The pattern reveals a two-dimensional 
modulation of the structure in a plane 
normal to the helical axis of the TGBc 
phase. This is in agreement with the 
more detailed study of Pramod et al, 
the only difference being that in this 


system, contrary to their result, the grid 
spacing appears to increase with de¬ 
creasing temperature. A thorough study, 
including a precise calorimetric meas¬ 
urement to prove that the modulated 
phase is indeed a distinct phase, would 
be interesting. 

Geetha G. Nair 

Centre for Liquid Crystal Research, 

P. B. No. 1329, Jalahalli, 

Bangalore 560 013, India 


Response: 

I read the comments by Geetha G. Nair 
with interest. I also read her Ph D thesis 
carefully. The phase diagram and the 
textures reported in the thesis corre¬ 
spond to the TGBa phase. There is no 
mention of the observation of any 
square grid pattern. The contents of the 
relevant chapter of the thesis have been 
published more recently (Prasad, S. K., 
Raja, V. N,, Nair, G. G. and Goodby, 
J. W., Molecular Crystals and Liquid 
Crystals, 1994, 250, 239). In this paper 
the phase diagram presented in the the¬ 
sis is reproduced and again there is no 
mention of the observation of a square 
grid pattern. The authors found only 
TGBa to smectic-A to smectic-C* and 
TGBa to smectic-C* sequences in their 
mixtures. However, the authors refer to 
‘tilted TGB’ (which is now called 
TGBc) which had by then been discov¬ 
ered and give references to experimental 


(ref. 15 and 16) as well as theoretical 
papers on the TGBc phase. It is quite 
surprising that in her comment Geetha 
Nair does not refer to her publication of 
1994. I am afraid that the 
second sentences of both the first and 
second paragraphs of her comments are 
misleading. 

Square grid patterns are known to 
occur in smectic-C as well as smectic- 
C* phases even in the absence of an 
external field for a variety of reasons 
(see for e.g., D. Johnson and A. Saupe, 
Phys. Rev., 1977. A15, 2079). We con¬ 
ducted several experiments which were 
designed to demonstrate that the square 
grid pattern that we found corresponded 
to a new liquid crystalline phase differ¬ 
ent from the TGBc phase. As we have 
mentioned toward the end of our paper, 
we have found other systems which 
exhibit this phase. 

It is interesting that Geetha Nair has 
now found square grid patterns in a 
mixture which she had studied earlier. 
Interestingly, one of the components of 
the mixture is the same as the one which 
we used in our studies. From the last 
sentence of her comment, it is not clear 
if the square grid corresponds to the 
new phase that we have found. It may 
be worthwhile to make a more system¬ 
atic study to confirm this point. 


N. V. Madhusudana 

Raman Research Institute, 

C. V. Raman Avenue, 

Bangalore 560 080, India 



NEWS 

Facilitation centre for industrial plasma technologies set up at 


The Institute for Plasma Research (IPR) 
at Gandhinagar, Gujarat is the country’s 
premier institution devoted exclusively 
to research in plasma science and tech¬ 
nology. Active on a broad front of fun¬ 
damental studies of the plasma state, 
IPR has engineering groups skilled in 
technologies of ultra-high vacuum, 
pulsed power, microwave and RF, com¬ 


puter-based control and data acquisi¬ 
tion. 

The Facilitation Centre for Industrial 
Plasma Technologies (FCIPT) is a 
bridge organization between the Insti¬ 
tute and Indian industries, set up to 
exploit the knowledgebase of IPR com¬ 
mercially. FCIPT interacts closely with 
entrepreneurs through all the phases of 


technology generation and transfer. A 
complete package of a broad spectrum 
of plasma-based industrial technologies 
and facilitation services is offered. 
Linkage with industries is sustained 
through meetings, participation in trade 
fairs, entrepreneur training programmes, 
newsletters and jobwork and facilitation 
programmes. 
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Some of the achievements of FCIPT 
are: plasma nitriding of industrial com¬ 
ponents to increase wear resistance and 
hardness, coating of quartz-like films on 
brass ware to inhibit oxidation and tar¬ 
nishing, zircon dissociation in a plasma 
furnace. Plasma ion implantation and 
ion plating for surface engineering, 
thermal plasma technologies for smelt¬ 
ing of minerals, synthesis of advanced 
ceramics like aluminium nitride, etc. 
have also been developed. 


The centre has process development 
laboratories, prototype facilities and 
jobshops and material characterization 
facilities. The process development 
laboratory exploits the areas of expertise 
in plasma and other allied fields of the 
institute in developing new plasma- 
based technologies for the industry. To 
promote the acceptance of plasma-based 
technologies and to generate techno¬ 
commercial data relevant to entrepre¬ 
neurs, the jobshop will execute job work 


for surface and material treatment on an 
industrial scale. The material characteri¬ 
zation facility, consisting of advanced 
instruments, is open to users from in¬ 
dustry, research establishments and 
universities. All the above activities 
under one roof provide an ideal envi¬ 
ronment for the centre to offer a com¬ 
plete package of industrial technologies 
and facilitation services to anyone 
committed to adaptation of indigenous 
technologies. 


Malaria - Hundred years after the great discovery 


The Indian Society for Parasitology 
sponsored the ‘Second Global Meet on 
Parasitic Diseases’ with a focus on ma¬ 
laria. The meeting was held in Hydera¬ 
bad from 18 to 22 August 1997, where 
more than 650 scientists from India and 
abroad participated. This conference 
was organized to celebrate 100 years of 
the discovery of aetiology of malaria 
demonstrated by Sir Ronald Ross in 
Secunderabad, Hyderabad on 20 August 
1897. The Second Global Meet was 
inaugurated by Renuka Chowdhary, 
Minister for Health and Family Welfare, 
Government of India, on 18 August 
1997. On the centenary day, 20 August 
1997, a special commemorative postage 
stamp on Sir Ronald Ross was released 
by the Union Minister of Communica¬ 
tions, Beni Prasad Verma. A road, 
known as Minister’s road, was also re¬ 
named as ‘Sir Ronald Ross Road’, and 
the Chief Minister of Andhra Pradesh, 
Chandra Babu Naidu, renamed ‘Fever 
Hospital’ in Hyderabad as ‘Sir Ronald 
Ross Hospital’. ‘Ross Institute’ in Se¬ 
cunderabad, where Ronald Ross found 
oocytes on the stomach wall of dapple¬ 
shaped mosquitoes (Anopheles ste- 
phensi), is being renovated with the 
help of the Overseas Development 
Authority (ODA) of the Great Britain 
through the Indian National Trust for 
Environment and Cultural Heritage 
(INTECH), was inaugurated, and on the 
same day the ‘Secunderabad declaration 
on Malaria’ was announced. 

In a keynote address, Louis H. Miller 
(NIH, USA) traced the history of ma¬ 
laria research from the Peruvian Indians 
and early Chinese herbalists to Lav- 


Box 1. Secunderabad Declaration on malaria 

Malaria is probably the most important disease of all warm countries, destroying 
millions of lives, in addition to rendering many more millions of people Incapaci¬ 
tated for months or years and thus costing the state enormous sums of money. 
If anything else ... had caused such a mortality ... governments concerned would 
have organized protective measures. 

- Ronald Ross 

One hundred years after the discovery by Sir Ronald Ross, working in Secunda- 
rabad, that malaria is transmitted by mosquitoes, the burden of disease in terms 
of both the morbidity and mortality it causes is still immense and well continue to 
Increase unless there is a sustained global commitment to its control'. 

The recent initiatives for research on and control of malaria, as exemplified by 
the Global Malaria Control Strategy, the Multilateral Initiative in Malaria (MIM), 
new World Bank, WHO and other UN agency proposals, and the Harare decla¬ 
ration on malaria prevention -and control by the Organization of the African Unity 
(OAU) are evidence of a global team spirit that provides an unprecedented op¬ 
portunity to make a major impact on the massive tool in lives and ill-health that 
the disease exacts, and the barrier this forms to sustainable social and eco¬ 
nomic development. 

An increase in national political and budgetary commitment is needed and re¬ 
quires an intersectoral approach, involvement of the private sector and other ac¬ 
tivities that have a direct or indirect effect on the malaria situation, and the full 
participation of the communities. 

Much can still be achieved by use of existing tools but these must be applied 
correctly, recognizing that local epidemiological situations, and hence the meth¬ 
ods needed for control, can vary considerably., 

Equally, regional and inter-regional co-ordination of efforts is required if some 
of the problems posed by the infection, like the spread of drug resistance, are to 
be tackled effectively. 

There can be better integration of research and control efforts. Considerable 
progress has been made in recent years in our understanding of parasite biology 
and epidemiology, and the potential for application to control must be exploited 
more effectively. New control measures can draw on innovative research like 
that in drug and vaccine development and the genome project., 

There have been encouraging developments in the involvement of pharma¬ 
ceutical companies in drug and vaccine development, and efforts are needed to 
sustain and enhance these collaborations. 

The development and exploitation of communication networks to'allow inter¬ 
national co-ordination of research and control efforts should be a priority. 

Training and capacity building to enhance the competence of health services 
and of research institutes must be part of a long-term strategy directed towards 
malaria prevention, control and research, recognizing that this requires a struc¬ 
tural collaboration between research agencies and those concerned with devel¬ 
opment. 
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eran’s discovery of protozoan cause for 
malaria, and from Ronald Ross’ discov¬ 
ery of oocysts to the development of 
synthetic antimalarials as well as vac¬ 
cine development. He emphasized the 
importance of collaborative research in 
the background of deteriorating malaria 
situation due to increased drug resis¬ 
tance which is causing the increased 
mortality. Discovery of DDT and its 
role in malaria control, although useful 
in the beginning, eventually resulted in 
many problems now being confronted. 
Blanket spraying disregarding the vector 
ecology has resulted in snowballing 
effect on malaria, Sound understanding 
of vector biology at the local level is the 
national approach to malaria control (V. 
P. Sharma, MRC, Delhi). The special 
symposium on the ‘Intellectual Legacies 
of Ronald Ross’ was organized on 20 
August 1997 (M. Dobson and M. Gib¬ 
son from UK). That Ronald Ross’ gen¬ 
ius personality and his basic 
epidemiological tenets have produced 
profound impact on public health, was 
presented by David J, Bradley of 
LSHTM, UK. The contemporary medi¬ 
cal research during the epoch-making 
discovery by Ronald Ross, was pre¬ 
sented by P. N. Tandon (AIIMS, New 
Delhi). Monitoring of malaria in Sri 
Lanka was the basis of explaining dif¬ 
ferences in epidemiological features in 
Asia and Africa (K. N. Mendis, MRU, 
Sri Lanka). World malaria situation was 
presented by A. V. Kondrachine (WHO, 
Geneva). He emphasized the global 
action plan for malaria control and re¬ 
orientation of national malaria control 
programmes, and expressed his deep 
concern regarding the increased rate of 
drug resistance. 

Several latest developments in the 
field of malaria research were also dis¬ 
cussed. In malaria vectors a few para¬ 
centric inversion polymorphism can be 


correlated with variations in physiologi¬ 
cal and/or ecological characters. This 
may effect epidemiological parameters 
of malaria (A. della Torre, Rome). Bio¬ 
logical characteristics of sibling species 
complex in An. fluviatilis revealed that 
simple anthropophilic index can explain 
the transmission potential of each spe¬ 
cies (S. K. Subbarao, MRC, Delhi). 
Introduction of pathogen refractor ex¬ 
ogenous DNA through transgenic tech¬ 
nology is leading to the development of 
new approaches in vector control 
(Anthony James, California, USA). A 
pre-requisite for sterile insect technique 
with anopheles is elimination of biting 
females. Male linkage of the insecticide- 
resistant gene which may be used to 
selectively kill females could be stabi¬ 
lized by an appropriately positioned 
inversion to suppress crossing over 
(C. F. Curtis, LSHTM, UK). 

A round-table conference on the ster¬ 
ile insect technique (SIT) in malaria 
control was organized. Deliberations on 
the SIT brought about scope and limita¬ 
tions of this technique but favoured the 
application of SIT in some selected in¬ 
sect vectors of diseases like the urban 
malaria transmitted by Anopheles ste- 
phensi. Giving several examples of suc¬ 
cessful application of SIT in agriculture, 
veterinary and medical insect pests, A. 
S. Robinson (FAO/IAEA) underscored 
the value of this technique in the man¬ 
agement of malaria and felt that India 
should take advantage of this opportu¬ 
nity where international agencies would 
be willing to participate in the imple¬ 
mentation of SIT in malaria control. 

The problem of drug resistance in the 
malarial parasite(s), particularly P. fal- 
ciparum, is emerging as a major obsta¬ 
cle in malaria. Discussions in this 
symposium brought out the present 
status of the problem of drug resistance 
in the world, monitoring of resistance. 
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revised treatment schedules and strate¬ 
gies to contain the spread of drug- 
resistant malaria. The problem of 
chloroquine resistance in P, falciparum 
is increasing in intensity and has spread 
to almost all P. falciparum areas. In 
areas with resistance, there is increasing 
incidence of ‘ mortality and treatment 
cost. There is a need for newer drugs in 
the treatment of malaria and discovery 
of new drugs should be supported by the 
pharmaceutical industry which has been 
rather slow and non-committal. 

The large scale use of chloroquine 
should be recommended with caution 
since this can enhance the inl'ectivity of 
gametocytes many folds (R, Sinden, 
UK). Malaria diagnosis continues to be 
a major health problem in the endemic 
countries. There have been many ad¬ 
vances in the microscopic examination 
using acridine orange dye, QBC test 
compared to the classical microscopy 
using thin and thick blood smears. 
There were presentations on the non- 
microscopic methods of malaria diag¬ 
nosis, Dipstick or Parasight F and im- 
munochromatographic technique (ICT) 
showed high sensitivity and specificity 
in the detection of P. falciparum. Prog¬ 
ress is being made to develop these 
methods for P. vivax. Attempts are also 
being made to develop a single test to 
detect P. vivax and P. falciparum. Ap¬ 
plication of lactatedehydrogenase 
(LDH) enzyme in the detection of ma¬ 
laria may emerge as a low cost solution 
to the malaria diagnostics. Widespread 
acceptability of these newly developed 
diagnostic methods will depend on 
whether they are available at affordable 
costs as and when they are needed. 

A technique to transfect malaria para¬ 
sites was described (A. Waters, Leiden, 
Holland). Disruption of the TRAP 
gene in P. berghei sporozoites signifi¬ 
cantly lowered infectivity in rodents and 
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loss of function in vitro, showing that 
expression of TRAP gene may be func¬ 
tionally crucial for the parasite’s sur¬ 
vival (R. Manard, NYU, USA). This 
technique will allow the elucidation of 
functional roles of vaccine candidate 
antigens. 

Homologues of reticulocyte-binding 
proteins RBP-1 and RBP-2 and their 
counterparts in P. yoelli, P. knowlesi 
and P. falciparum are now known. 
Three more major merozoite surface 
proteins, predicted to have definite ter¬ 
tiary structures were described by J. 
Barnwell (NYU, USA), Likewise, 
another such gene family involving 
erythrocyte-binding proteins, and local¬ 
ization of binding site on the P. vivax 
homologue was described by C. Chitnis 
(ICGEB, New Delhi). M. Shahabuddin 
of NIH, USA, showed that the invasion 
of Plasmodium ookinetes is specific 
to cell type in the midgut epi¬ 
thelium probably through a specific 
receptor. 

Parasite genomics 

Chondroitin sulphate A (CSA) is sup¬ 
posed to be important for the cytoadher- 
ence of infected erythrocytes in the 
placenta. The gene encoding the parasite 
ligand responsible for CSA-binding was 
cloned from the FCR-3 strain of P. fal¬ 
ciparum which turned out to be a mem¬ 
ber of the var gene family (A. Scherf, 
Institut Pasteur). These studies reveal 
that var genes can be found on most, if 
not all of, 14 chromosomes and are 
mainly found in telomeric region of the 
chromosomes. However, one var gene 
was also expressed from a subtelomeric 
position. It appears that the subte¬ 
lomeric var genes may be more con¬ 
served across strains and may serve as a 
pool for generation of diversity by re¬ 


combination at the telomeric ends (M. 
Lanzer, University of Wurzberg, Ger¬ 
many). A P. vivax YAC library has been 
generated which consists of 560 clones 
with an average insert size of 180 kb. 
This library, the first of its kind, derived 
from patient samples will be extremely 
useful for studies of P. vivax (H. Del 
Portillo, University of Sao Paolo, Sao 
Paolo, Brazil). Two presentations re¬ 
viewed the status of efforts to sequence 
the P, falciparum genome. The Well¬ 
come Trust Genome Mapping project is 
close to completing a YAC-based physi¬ 
cal map of chromosome 3 (D. Lawson, 
the Sanger Centre, Cambridge, UK). A 
different, genes-first approach has gen¬ 
erated > 1,700 gene sequence tags from 
> 1,300 clones covering 700 kb of se¬ 
quence from genomic DNA as well as 
cDNA from the asexual blood stages. 
About 20% have homology with known 
sequences in protein and nucleic acid 
databases. About 90% of the rest of the 
sequences have large open reading 
frames, suggesting that they encode 
novel proteins (G. R. Reddy, University 
of Florida, Gainesville, USA). 

Malaria vaccine development 

The current status of malaria vaccine 
was highlighted through several presen¬ 
tations. Peptide-based vaccines have 
been favourite of the malaria vaccine 
researchers. From the peptides based on 
CS and TRAP of P. falciparum, it was 
shown that while there may be a reason¬ 
able arguments in favour of synthetic 
peptide-based vaccine constructs, the 
rules to design multiple epitope peptides 
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to obtain the desired immune responses 
are not understood (V. Chauhan 
ICGEB, New Delhi, India). 

Although several malaria antigens 
have been characterized, a consensus on 
criteria for choosing the best candidate 
is yet to be established. In case of MSP- 
1, the 19 kDa C-terminal fragment has 
been characterized as the focus of pro¬ 
tective immunity. It was demonstrated 
that antibodies binding to other regions 
of MSP-1 may inhibit the protective 
antibodies generated against the con¬ 
served C-terminal region (A. Holder, 
NIMR, Mill Hill, UK). Another leading 
candidate for malaria vaccine, AMA-1 
has been expressed in yeast Pichia 
pastoris and was found to be highly 
immunogenic in Rhesus monkeys. Using 
stable transfection methods for het¬ 
erologous expression of mutant con¬ 
structs the new insights into the 
function ot AMA-1 should be unrav¬ 
elled (A. Thomas, BPRC, Rijswijk, The 
Netherlands). The sialic acid-binding 
protein of P. falciparum, EBA-175 is 
also being developed as a blood stage 
vaccine. A lively discussion questioning 
how effective this vaccine would be 
considering that P. falciparum is known 
to have sialic acid independent, alterna¬ 
tive invasion pathways followed the 
presentation (C. Ockenhouse, WRAIR, 
Washington DC, USA). Phase 1 clinical 
trials with three recombinant blood 
stage antigens (MSP-1, MSP-2 and 
RESA, administered as a mixture and 
individually at three separate sites) have 
commenced. While strong T-cell re¬ 
sponses were generated, the lower anti¬ 
body responses suggest that the 
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appropriate antigen presentation using 
different formulations should be at¬ 
tempted (Alan Saul, QIMR, Brisbane, 
Australia). The first single gene DNA 
vaccine (CSP of P. falciparum) was 
recently used in phase 1 trials in hu¬ 
mans to assess safety and immuno- 
genicity. This may pave the way for 
multi-gene DNA vaccines against ma¬ 
laria and other infectious diseases 
(Samaj Kumar, NMRI, Rockville, 
USA). Malaria vaccine development 
thus has a long way to go but has re¬ 
mained in the forefront in using the 
latest advances in vaccine development. 

Animal models for malaria 

Suitable animal models are crucial for 
malaria research and for vaccine devel¬ 
opment in particular. Studies in murine 
models have shown that both CD4+ T- 
cells and B cells are necessary for pro¬ 
tective immunity. 7(5T-cells that have a 
limited TCR repertoire play a minor role 


in early control of parasitemia (J. Lang- 
horne, Imperial College, London, UK). 
Different mice haplotypes exhibit dif¬ 
ferent levels of cerebral malaria when 
infected with the same clone, P. berghei 
ANKA. Cerebral complications are as¬ 
sociated with an increase in a specific VB 
family of T-cells (D. Mazier, INSERM, 
Paris, France). Studies in the murine 
model have shown how the genetic back¬ 
ground can influence immune responses to 
vaccine candidates such as MSP-1. Con¬ 
structs based on the C-terminal fragment 
of MSP-1 have also been tested in Aotus 
monkeys. In two different species of 
Aotus monkeys only one showed pro¬ 
tection although the antibody litres were 
similar in both species and neither 
blocked erythrocytes’ invasion. These data 
highlighted the need to understand the 
mechanism of protective immunity as well 
as the need to have well-defined corre¬ 
lates of protective immune responses (S. 
Kumar, NMRI, Rockville, USA). 

Administration of C-terminal Irag- 
ment of MSP-1 administered in three 


doses four weeks apart elicited high litre 
antibodies and protected toque monkeys 
against P. cynomolgi bloodstage chal¬ 
lenge (K. Mendis, University of Co¬ 
lombo, Sri Lanka) which appears to be a 
good model for human malaria. 

There was vigorous scientific activity 
during the conference. All scientific 
sessions were well attended. A major 
feature and outcome of the conference 
was coming together of malaria scien¬ 
tists from every part of the world in one 
place which led to discussions and pos¬ 
sibilities of several collaborations. One 
criticism, often heard during the confer¬ 
ence, was that there were too many good 
parallel sessions and participants would 
have liked to attend them all. 


V. S. Chauhan, International Centre Ibr 
Genetic Engineering and Biotechnology, 
Aruna Asaf Ali Marg, New Delhi 
110 067, India; V. P. Sharma, Malaria 
Research Centre, 22 Sham Nath Marg, 
Delhi 110 054, India 


Academy’s Annual Meeting 


What does one expect of a meeting of an 
Academy of scientists? For one thing, 
unlike in meetings of professional so¬ 
cieties, one would expect to hear talks 
on a wide range of subjects. And, in 
keeping with the status and reputation 
of an Academy, which is essentially an 
honour society where the Fellows are 
elected almost invariably for their 
achievements in research and in some 
cases because of their exceptional 
promise, one would expect to hear about 
some of the high quality research being 
carried out in the country. The last time 
I covered an annual meeting of the In¬ 
dian Academy of Sciences was a special 
occasion the Diamond Jubilee meeting 
held at Bangalore where the past presi¬ 
dents of the Academy and a number of 
special invitees, a few of them from the 
United States, spoke {Cim\ Sci„ 1995, 
68, 23-24), Then I enjoyed, as did the 
others in the packed J. N. Tata audito¬ 
rium, listening to General Sunderji, 
Calyampudi Radhakrishna Rao, and Abdul 
Kalam, among others. This year’s meeting 
was a regular one with no Jubilee to cele¬ 
brate and no generals and star speakers 
from abroad. Nevertheless, my trip to 


Hyderabad for the 63rd Annual Meeting 
of the Indian Academy of Sciences, 1-3 
November 1997, was rewarding. 

P. Rama Rao, President of the Acad¬ 
emy, deserves to be congratulated for 
assembling some very good workers to 
speak about their current endeavours. 
Obviously, he has worked hard to show¬ 
case some of the best work that is going 
on in the country, and he has covered a 
fairly wide range - from gravitational 
clustering to ocean currents. Apart from 
22 talks under lecture presentations and 
two symposia - one on Progress in Sci¬ 
ence and the other on Engineering 
Molecules, Microstructures and Mate¬ 
rials - and Rama Rao’s Presidential 
Address (on viscous creeps in metals), 
there were two well-attended public 
lectures by C. N. R. Rao and V. Radha- 
krishnan and a special lecture on some 
recent developments in leprosy research 
by Indira Nath of the All India Institute 
of Medical Sciences. 

It has always been a tradition that the 
President of the Academy opens the 
meeting with an address completely 
devoid of the usual platitudes, reflecting 
current research. The area of viscous 


creep in metals has tremendous signifi¬ 
cance for high temperature materials, 
and at the same time needs deep insight 
into basic microscopic processes which 
contribute to the observed behaviour. It 
was a revelation to learn that there is so 
much good ongoing work both on the 
phenomena and mechanisms in the 
country. 

Engineering 

While, as expected, most of the talks 
were by Fellows or Young Associates of 
the Academy, there were at least two 
talks by non-Fellows, both on indige¬ 
nous achievements in high tech areas. I 
am referring to Neelakantan’s presenta¬ 
tion of VLSI design work and the ef¬ 
forts at hardware-software codesign at 
ANURAG and Ashok Jhunjhiinwala’s 
presentation of corDECT technology for 
low-cost high-quality voice and data 
communication in both urban and rural 
areas developed at his laboratory at the 
Indian Institute of Technology in Chen¬ 
nai. H. vS. Mukunda’s work on develop¬ 
ing technologies for generating energy 
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from bioresidue is another example of 
quality academic research of immediate 
relevance. Incidentally, per capita con¬ 
sumption of energy in India is among the 
lowest in the world, and the country needs 
to tap all kinds of energy sources. Both 
Mukunda and Jhunjhunwala believe that 
while quality of work is important, it is 
even more important to work on problems 
of immediate relevance. Mukunda won¬ 
dered if the Fellowship of the Academy, 
put together with considerable difficulty, 
was being used properly and if the gov¬ 
ernment was consulting them on issues 
facing the country. 

There were four more presentations by 
engineers “V. H. Arakeri on the experi¬ 
mental observation of a sonoluminescent 
system with exclusive narrow band emis¬ 
sion, Ashish Lele on the role of hydro¬ 
philic and hydrophobic interactions on the 
phase behaviour of aqueous polymer solu¬ 
tions and the design and use of hydrogels 
having controlled transition temperatures, 
A. K. Mallik on modelling of nonlinear 
vibration isolators such as those made of 
polymeric materials, and Dipankar Baner- 
jee on the heat tolerance and plasticity of 
intermetallic compounds with particular 
reference to the Ti 2 AlNb phase. 

Physical sciences 

As usual, physical sciences had a fair share 
in this yearns meeting. Although T. Pad- 
manabhan of lUCAA was not the only one 
to lose the conference bag, he lost his bag 
and the transparencies for his talk (on 
gravitational clustering and transfer of 
power in a system made of collisionless 
particles evolving in an expanding uni¬ 
verse) a few minutes before his turn to 
speak! But Paddy rewrote all the transpar¬ 
encies - some of them indeed rather 
complicated with several equations — 
quickly and made what turned out to be 
one of the best presentations of the meet¬ 
ing. Professionalism at its best. Other 
speakers in the physical sciences were 
Sriram Shastry on spin waves and the con¬ 
nection between speculative and exact 
physics, Pramesh Rao on scattering of 
radio waves in the interstellar medium, 
Ajay Sood on squeezing of phonons, Sat- 
ish Shetye on the dynamics of seasonally- 
reversing ocean currents around the Indian 
subcontinent, and Somnath Dasgupta on 
the tectonometamorphic history of the 
Eastern Ghats granulite belt. Condensed 
matter physics and astronomy were given 


importance in this year’s meeting. A whole 
session was devoted to particle physics at 
the Annual Meeting held at Madras {Curr. 
ScL, 1996,71, 109-127). 

Biology 

Over the past two or three decades, biol¬ 
ogy, like it did in the West following the 
seminal 1953 Nature paper of Crick and 
Watson, has become an important part of 
science in India. This year’s Annual 
Meeting of the Academy showcased some 
excellent work carried out in different 
parts of the country. There were three pa¬ 
pers on different aspects of protein folding 
by Jayant Udgaonkar, Rahul Banerjee and 
P. Guptasarma. While Udgaonkar spoke 
on the first experimental evidence for the 
view that folding intermediates and transi¬ 
tion states are ensembles of different forms 
and not unique stmctures, Banerjee pre¬ 
sented work on surface complementarity of 
buried residues of a wide variety of protein 
folds, estimated using a mathematical 
function. Guptasarma addressed the issue 
of stabilization of the four crystallographi- 
cally identified domains of the two 
polypeptides constituting the enzyme glu¬ 
tathione reductase and provided evidence 
for autonomous folding and unfolding of 
the domains although they depend on each 
other for their structure and stability in the 
native state. 

There were two other papers in biology, 
one on unravelling the complexities in the 
regulation of eukaryotic gene expression at 
the chromatin level by M. R. S. Rao, and 
the other on detection by FISH analysis of 
hyaluronic acid-binding protein localized 
on human chromosome 17pl2-pl3 by 
Kasturi Datta. It is possible that the se¬ 
quence of HA-binding protein can be used 
to analyse the human genome database. 


Chemistry and materials 
science 


This year’s symposium, convened by K. V. 
Raghavan, dealt with the theme 
‘molecules, microstructures and materials’ 
and it featured two organic chemists, a 
polymer chemist, a molecular biologist and 
a metallurgist. J. Chandrasekhar spoke on 
how modem theoretical and computational 
methods could be used to generate funda¬ 
mentally new structural motifs and illus¬ 
trated the endless possibilities with some 
well-chosen examples such as molecules 


with twisted amide bonds and a planar 
singlet cyclo-octatetraene derivative. Dar- 
shan Ranganathan explained with some 
superb transparencies how self-assembling 
molecular modules can be used to prepare 
highly regular structures, including poten¬ 
tial antibiotics and industrial catalysts. She 
presented some very interesting recent 
work, some of it published in the Journal 
of the American Chemical Society, on 
assembling amino acids and peptides 
through hydrogen bonding and metaWon 
participation. At the next higher level of 
complexity, we had S. Sivaram speak on 
engineering macromolecules via chemical 
synthesis. One major problem polymer 
chemists face is that invariably the end 
product of a reaction is a mixture of many 
molecular species. The goal, of course, is 
to increase the yield of the desired species 
to close to 100%. Easier said than done] 
Sivaram reviewed recent work towards 
understanding primary bond-making and 
bond-breaking process in the assembly of 
macromolecular structures and the ability 
to control these reactions with precision. 
In a presentation considerably different 
from the others in this symposium, R. 
Nagaraj spoke on a subject of clinical im¬ 
portance-countering microbial infection 
based on a molecular level understanding 
of microbial pathogenesis. 

Another paper on chemistry, by D. Ba- 
saviah, dealt with stereoselective organic 
synthesis, especially in the areas of Baylis- 
Hillman reaction and biotransformations. 

The public lectures 

The two public lectures provided a study 
in contrast, reflecting the personalities and 
the very different styles of the speakers. 
Radhakrishnan’s talk on locomotion, the 
art of overcoming friction, was in the 
grand tradition of the famous Friday lec¬ 
tures of the Royal Institution. He looked at 
one topic, viz. motion in land, water and 
air and how human ingenuity has devel¬ 
oped devices and mechanisms to overcome 
friction. There were anecdotes and occa¬ 
sional tinges of humour. The physics of 
drag and lift on bodies moving in a fluid is 
far from trivial and often counterintuitive. 
Biological evolution has produced marvels 
of optimised performance, by insects, 
birds, and fish, exploiting these principles. 
Engineers are now doing the same in many 
areas, and noteworthy contributions have 
come from gifted and dedicated amateurs 
in areas like hang-gliding and wind surfing 
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which are usually classified as recreational. 
Overall, it was a controlled performance of 
a quiet achiever. It was truly a popular 
talk, with the minimum of technicalities 
but not compromising with the scientific 
content. But why did Radhakrishnan read 
out of a text, wondered my neighbour in 
the audience. 

C. N. R. Rao’s talk on the agony and 
ecstasy of doing borderless chemistry was 
wide ranging, characterized by uncon¬ 
trolled (and infectious) enthusiasm, and 
attempted at once to give the audience an 
insight into the ways a scientist and his 
mind work, somewhat in the mould of 
James Watson’s eminently readable, if 
somewhat controversial, The Double He¬ 
lix. He touched on some of the most inter¬ 
esting recent developments in chemistry, 
materials science, solid state science- 
superconductivity, new forms of carbon, 
ceramic nanotubes, colossal magnetoresis¬ 
tance, etc. - and drew upon his own work, 
some of which is yet to be published and 
not even two weeks old. He even presented 
some raw data collected a few days ago in 
his laboratory. Rao paid handsome tributes 
to the founder of the Academy and said 
that the greatest honour that he had in his 
life was the fact that he was nominated to 
the Fellowship of the Academy by none 
other than the late C. V. Raman, and at¬ 
tempted to emulate Raman in giving a 
public discourse to a large but mixed audi¬ 
ence. If anyone in India can talk about the 
agony and ecstasy of doing science, sure- 
Rao must be one of them. He has had a 
long and eventful career in science and 
science administration, held and continues 
to hold many high offices - both Indian 
and international - and has been in and out 
of the establishment. In short, he has seen 
the ups and downs (mostly the former), not 
only in science per se but also in the poli¬ 
tics of science. 

Rao began the technical part of his 
talk stating that most major advances in 
science have come from holistic ap¬ 
proaches and not from narrow disci¬ 
pline-based efforts. He bemoaned the 
transformation of what used to be natu¬ 
ral philosophy during the times of Mi¬ 
chael Faraday and Lord Rayleigh 
breaking down into physics, chemistry, 
etc. and further into inorganic chemis¬ 
try, organic chemistry, and so on and 
on. He then went on to narrate, from his 
work in recent years, how exciting it 
was to do science unmindful of the 
boundaries associated with narrower 


and narrower specialties and how frus¬ 
trating and agonizing when someone 
else pips one to the post, often because 
one has to depend on experimental fa¬ 
cilities located overseas. For example, 
Rao told about some exciting work on 
nanotubes and metallic nanorods that 
demanded sophisticated analytical tools 
such as high resolution electron micros¬ 
copy, electron energy loss spectroscopy 
and a powerful synchrotron (for looking 
at the structure) available nowhere in 
India. Under these circumstances, how 
could we hope to compete with the rest 
of the world, he asked. When I heard 
him say that, I remembered Valiathan, 
who had drawn attention, in his Sir 
A. L. Mudaliar Endowment Lecture 
delivered at the University of Madras 
some ten years ago, to the futility of 
continued dependence on tools devel¬ 
oped elsewhere (‘Surgery in India’). 
More recently, Valiathan had talked 
about Indian researchers using the tools 
and methods developed elsewhere with¬ 
out bothering to learn how to make the 
tools and methods {Curr. Sci., 1997, 72, 
911). It occurred to me that Rao was in 
the right position to apply corrective 
measures. Indeed it would be interesting 
to look into the social dynamics of In¬ 
dian science and examine the factors 
that, despite fifty years of Independ¬ 
ence, permit such dependence on tools 
and techniques developed elsewhere 
without our contributing to the global 
pool, and restrict much of our scientific 
efforts to remain ‘derivative’. Of course, 
there was the inevitable mention of the 
Nobel Prize. In his view Kroto and 
Smalley, who won the Nobel Prize, for 
their work on fullerenes, ‘which would 
have taken about an hour’s experimental 
work’, did not deserve as much credit as 
Kratschmer who was the first to make 
large-scale synthesis of new forms of 
carbon possible. Rao was unhappy that, 
despite much cajoling from him, Indian 
organic chemists are reluctant to work 
on fullerene reactions. Rao predicted 
that carbon chemistry has a great future. 

Hearing Rao, one came to know that 
he has been an early bird at every major 
development in structural and solid state 
chemistry, be it high temperature super¬ 
conductivity or fullerenes or nano¬ 
science and in recent times colossal 
magnetoresistance. Seeing him in ac¬ 
tion, the listeners, especially the young, 
would have been impressed. His enor¬ 


mous energy, enthusiasm, ambition to 
achieve, and a sense of not getting one’s 
due were all evident. To illustrate the 
last point, Rao told about his pioneering 
work on zirconia nanotubes, which was 
covered by journals like New Scientist^ 
but not by any Indian journal. Rao 
wished he was a theoretician! Life 
would have been much easier and one 
could have avoided much heart ache, he 
said. I think it is the case of the other 
side being greener. I guess theoreticians 
in India are often isolated and feel the 
loneliness of a long-distance runner. 

In his Presidential address, Rama Rao 
drew attention to the need to excel in a 
few chosen areas rather than spread our 
resources and eflx)rts on too many areas. 
A very sensible thing to do in a re¬ 
source-poor country, I thought. In her 
special lecture, Indira Nath gave a de¬ 
tailed account of her work on leprosy 
establishing the change that occurs in 
Th phenotype during the course of hu¬ 
man diseases and suggested the possi¬ 
bility of newer therapeutic tools and 
vaccine development. 

While at Hyderabad, I spoke to many 
Fellows and others. There was one 
common view. Not all the talks were 
comprehensible to non-specialists. The 
speakers could have as well presented 
the talks to their own professional col¬ 
leagues. In an extreme case, an impa¬ 
tient experimental physicist Fellow of 
the Academy wondered what was going 
on in biology. He felt the answers to 
questions were rather vague and rarely 
clear cut. Agreed that biology deals with 
systems which are several orders of 
magnitude more complex than physical 
systems and that the language of biol¬ 
ogy is yet to achieve the same level of 
precision as that of physics. Even so, if 
we need to achieve ‘borderless science’, 
Indian scientists, especially Fellows of 
the Academy, should pay special atten¬ 
tion to developing skills of communicat¬ 
ing with non-specialists. 

Beyond the talks 

The Academy meet went beyond pro¬ 
fessional talks by experts. About 25 
college level science teachers from dif¬ 
ferent parts of the country were invited 
to join the Fellows and Young Associ¬ 
ates of the Academy for the entire dura¬ 
tion of the meeting. Roddam Narasimha 
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and Raghavendra Gadagkar were in 
charge of the teachers’ programme and 
they spent a considerable amount of 
time with them discussing how best the 
college teachers could take advantage of 
the expertise that the Academy could 
provide. It is all too easy for academics 
to remain aloof in their proverbial ivory 
tower. That wouldn’t do much good, 
especially at a time when the govern¬ 
ment of the day is looking at higher 
education as a ‘non-merit good’ and is 
suggesting that laboratories should earn 
their keep, and when it is becoming 
increasingly difficult even for institu¬ 
tions of the stature of the Institute of 
Mathematical Sciences, Chennai, to get 
good students. The college teachers 
were encouraged to move freely with 
the Fellows, invite them to their institu¬ 
tions for short duration, and seek oppor¬ 


tunities to work in the laboratories of 
the Fellows. On the whole, this is an 
excellent initiative. It is largely informal 
and does not involve a huge budget. 
However, the success of the programme 
depends on several factors, such as the 
motivation of the college teachers, the 
extent of cooperation they get from the 
experts, and the ability of the Academy 
as a whole and in particular the Fellows 
active in the programme to sustain the 
level of motivation and interest of the 
teacher participants over a long period 
of time. Of course, such programmes 
can, if not carefully handled, degenerate 
into picnics for teacher participants. In 
one of the two meetings the teachers 
had with Narasimha and Gadagkar, 
Madhav Gadgil came along to tell how 
students from several colleges in Tamil 
Nadu and Karnataka are taking part in a 


major project called ‘Lifescape’ focus¬ 
ing on biodiversity. This project is 
reminiscent of the Cauvery Project con¬ 
ceived by C. R. Krishna Murti more 
than a decade ago. Such participatory 
exercises can go a long way in motivat¬ 
ing teachers and students alike. 

The meeting hosted by Hyderabad- 
based institutions led by the Indian In¬ 
stitute of Chemical Technology was 
attended by more than 200 Fellows and 
Young Associates, I thought the Fellow¬ 
ship was younger and more cosmopoli¬ 
tan than it used to be. The local press 
covered the event very well. 

SUBBIAH ARUNACHALAM 

Department of Humanities, 

Indian Institute of Technology, 

Chennai 600 036, India 
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1997 Nobel Prize for Physics: Laser cooling and trapping of 
atoms 


The Nobel Prize in Physics for 1997 has 
been awarded jointly to Steven Chu of 
Stanford (USA), Claude Cohen- 
Tannoudji of the College de France 
(France) and W. D. Phillips of National 
Institute of Standards and Technology, 
Gaithersburg (USA) for their prolific 
work on laser cooling and trapping of 
atoms. Principles of laser cooling of 
atoms were propounded earlier than the 
work for which the award has been 
made. But it was the extensive experi¬ 
mental work of Chu and Philips which 
not only made laser cooling in three 
dimensions a practical reality for the 
first time, but also produced the as¬ 
tounding result that the temperatures 
achieved were systematically lower by 
an order of magnitude than the theoreti¬ 
cal estimates. An explanation for such 
lower temperatures was provided by the 
theoretical work of the French and 
Stanford groups. Techniques of laser 
cooling and trapping have led to many 
applications of ultra-cold atoms which 
will be mentioned at the end of this 
article. 


Doppler cooling 

Consider a two-level atom with a 
ground state lg> and an excited state \e> 
separated by an energy too. The rate of 
absorption of photons by such an atom 
as a function of photon frequency is 
given by a bell-shaped curve called the 
Lorentzian shown in Figure 1 a. Ab¬ 
sorption of a photon raises the atom 
from the ground state to the excited 
state. The atom has a mean life time r in 
the excited state before reverting to its 
ground state by the spontaneous emis¬ 
sion of a photon in a random direction. 
The half-width of the absorption curve, 
denoted by T, is of the order of a few 
MHz in frequency and is proportional to 
the reciprocal of the decay time r. 

If such an atom is placed between two 
counter-propagating laser beams tuned 
to a frequency 0 )^ slightly below reso¬ 
nance (i.e. coq > coj^, the detuning 
d = - ^0 being negative; such a 

detuning is called detuning to the red), 
the following situation develops (Figure 
1 b). If the atom is moving towards the 


right with a velocity u, the frequency of 
the photon travelling in the direction 
gets Doppler shifted to a higher value 
0 )"^ = w -f Aco, where 

Act) = {vie) gjl, (1) 

in which c is the velocity of light. The 
shifted frequency comes closer to the 
absorption frequency coq and the ab¬ 
sorption rate increases. On the other 
hand, the laser beam travelling in the 
+x direction gets Doppler shifted to 
0 ) = a)() -r Aoj and the absorption rate is 
reduced. The differential absorption rate 
is proportional to the atom velocity, for 
small values of the velocity. Since each 
photon carries a momentum hk 
(k = 2jt/X, where X is the wavelength of 
the laser beam) in the direction in which 
it is travelling, the absorption of a pho¬ 
ton causes the atom to acquire this mo¬ 
mentum in the direction in which the 
photon is travelling. So the differential 
absorption rate causes a net force F on 
the atom which is proportional to its 
velocity but is opposite in direction to 
this velocity (Figure 1 c). This force is 
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rated by an energy difference Ao^. b, The absorption rate of such an atom follows 
Lorentzian with a peak at the frequency cd^. The half-width of the curve is T. When th 
atom moves towards the photon, the photon frequency is shifted to co^ and when it i 
moving away from the photon to (o~, c, When the atom is between two counter 
propagating red detuned laser beams there is a force on the atom which Is oppose^ 
to Its velocity, c/, Three-dimensional optical molasses to slow down the atom 


similar to the viscous force that a ball 
dropped in a column of oil experiences. 
The atom slows down by this viscous 
force. By arranging three pairs of 
counter-propagating laser beams 
(derived from the same laser source) 
along the x, y, and z axes, all the three 
velocity components of an atom can be 
slowed down by this differential process 
of absorption (Figure \d). Such a three- 
dimensional configuration of laser 
beams to slow down atoms is called 
optical molasses. The average kinetic 
energy of an atom is proportional to its 
temperature. The atom cloud therefore 
cools in the optical molasses. 


The cooling rate by this Doppler 
shift-caused differential absorption is 
compensated by a heating rate arising 
from spontaneous emission of photons. 
Spontaneous emission causes the atom 
to acquire a momentum fik in a direction 
opposite to the'direction of emission of 
the photon. In spontaneous emission 
photons are emitted in random direc¬ 
tions. So the atom acquires momentum 
in steps of fik but in random directions. 
This random walk in momentum space 
causes the mean square of the momen¬ 
tum to increase linearly with time. This 
is equivalent to heating the atom at a 
constant rate. The final temperature 


attained is one at which the heating and 
cooling rates are balanced. Theory 
shows that the minimum temperature 
r^in attained is given by 

Tmin ~ i^r/2kB, (1) 

in which k^ is the Boltzmann constant. 
The minimum temperature is attained 
when the detuning of the laser beam is 

^=-r/2. (2) 

The optical molasses arrangement was 
first realized by Chu and his collabora- 
tors' at AT&T laboratories in USA and 
the first experiments on a cloud of so¬ 
dium atoms appeared to verify the pre¬ 
dictions of Doppler cooling theory. 
Later careful experiments by Philips and 
his collaborators at NIST^ showed that 
the temperatures attained were consis¬ 
tently lower by an order of magnitude 
than that predicted by Doppler cooling 
theory. In sodium, for example, the 
minimum temperature .predicted by 
Doppler cooling theory is 240 pK while 
the lowest temperature achieved ex¬ 
perimentally was around 40 pK. The 
minimum temperature was achieved 
when the detuning d was close to -ST. 

It was also noted that the experiments 
were very sensitive to small residual 
magnetic fields. These results were 
confirmed by further experiments by 
other workers. These detailed experi¬ 
ments indicated that the magnetic sub- 
levels of the ground and excited states 
ot the atom were responsible for 
achieving temperatures below the Dop¬ 
pler limit of equation (2). 

Sub-Doppler cooling 

It was recognized that in the optical 
molasses configuration, the polarization 
state of the electromagnetic field 
changes over a length scale of A. The 
transition rate from a magnetic sub-level 
of the ground state to different magnetic 
sub-levels of the excited state depends 
on the state of polarization of the light 
at the site of the atom. If the state of 
polarization has a suitable value at a 
given location, a substantial difference 
in the population of the different mag¬ 
netic sub-levels of the ground state can 
arise by a series of absorption-emission 
cycles. This phenomenon is called opti¬ 
cal pumping. The optical pumping time 
Tp is the time scale in which a steady 
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Figure 2. Two red-detuned laser beams polarized perpendicular to each other 
counter-propagate along the X axis. The variation of the resultant polarization in the 
top diagram a. An atom with a ground state with two magnetic sublevels \g, 1/2> and 
\gr -1/2) is placed in the beam. The variation of populations with position is also 
shown m a. The equilibrium populations in the two sub-levels are shown by the size of 
the closed circles on the corresponding curves, b, Illustration of the Sisyphus coolina 
mechanism. ^ 


state differential population of the sub- 
levels is achieved through such absorp¬ 
tion-emission cycles. Since the polari¬ 
zation state of the electromagnetic field 
changes over a length of the order of A, 
the steady state population of the 
ground state sub-levels can vary over 
such a length scale. When the atoms 
move in such a changing polarization 
gradient, they change from the equilib¬ 
rium ground state sub-level population 
at one location to the equilibrium sub- 
level population at another location, 
separated from the first by a length 
in a time scale of the order of Tu. 


There is a second effect arising from 
the interaction of the atom with the 
electromagnetic field. Such an interac¬ 
tion produces slight shifts in the energy 
of the magnetic sub-levels of the ground 
state, which are degenerate in the ab¬ 
sence of a magnetic field. This shift is 
called light shift. The light shift also 
depends on the transition probability for 
excitation from a given magnetic sub- 
level and so will vary from position to 
position on a length scale of 1. Figure 
2 a shows such a situation in one di¬ 
mension when the two counter- 
propagating laser beams are linearly 


polarized at right angles to each other 
and the ground state of the atom has two 
magnetic sub-levels Ig, l/2> and 1^, 
-l/2>. The state of polarization of the 
light varies from linear to right/left cir¬ 
cular back to linear as shown in Figure 
2 a. Here the light-shift as well as the 
equilibrium differential ground state 
population varies sinusoidally with a 
period 2/2 as shown in Figure 2 a. The 
equilibrium relative population in the 
two states is indicated by the size of the 
black dots on the two curves represent¬ 
ing the energy shift of the two magnetic 
sub-levels. Atoms moving with a veloc¬ 
ity V s l/Tp will lose energy in the fol¬ 
lowing way. Let us say that at the site A 
the atoms are in the magnetic sub-level 
Ig, l/2> which has a lower energy than 
the sub-level Ig, -l/2>. As the atoms 
move to the location B, the energy of 
the sub-level Ig, l/2> increases. Since 
the total energy of the atom is a con¬ 
stant, the increase in its potential energy 
is accompanied by a decrease in the 
kinetic energy. When the atoms reach 
the location B a time Tp later, optical 
pumping pushes all the atoms into the 
ground sub-level Ig, -l/2> which has a 
lower energy at location B due to the 
change in polarization state at B. In this 
process the extra-potential energy of the 
atoms before pumping is carried away 
by photons. The atoms now in state Ig, 
-l/2> at B with a lower kinetic energy 
start to climb the potential hill as they 
move to the point C where the process 
is repeated. This process is called Sisy¬ 
phus cooling and is shown in Figure 2 b. 
Thus the atoms keep slowing down. The 
theory of this process worked out by 
Cohen-Tannoudji and his group^ 
showed that this effect is dominant over 
Doppler cooling especially for low ve¬ 
locity atoms and allows a much lower 
temperature to be reached than what is 
given by equation (2). Also the effect is 
more effective at a detuning much larger 
in magnitude than what is stated in 
equation (3). Subsequent careful inves¬ 
tigations have validated these ideas'^. 


Trapping of atoms 

Atoms cooled in an optical molasses 
ultimately leak out of the molasses re¬ 
gion as there is no confining potential to 
trap the atoms. The residence time of 
the atoms in the optical molasses is of 
the order of a second. This short resi- 
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dence time limits the density of the 
atomic cloud to lO^atoms/cc and the 
time is too short to carry out certain 
expkiments with the cold cloud. A 
higher density of atoms and a longer 
residence time can be achieved using 
traps. 

An inhomogeneous magnetic field can 
be used to trap atoms in certain mag¬ 
netic ground sub-levels since the energy 
of the sub-levels will depend on the 
value of the magnetic field at a given 
location^. With steady state currents it 
will not be possible to produce magnetic 
fields with a local maximum. One can 
on the other hand produce steady state 
magnetic fields with a local minimum. 
At such a local minimum of the mag¬ 
netic field one can trap atoms in mag¬ 
netic sub-levels in which the Zeeman 
energy increases as the magnetic field 
increases. Such levels are called weak 
field seeking levels. However the po¬ 
tential barrier achievable with magnetic 
field gradients of a few hundred 
gauss/cm is not large enough to trap 
atoms at a temperature in the milli- 
Kelvin range. Such fields can be used to 
trap atoms with temperatures in the few 
tens of a micro-Kelvin range or lower. 

The electrical susceptibility of an 
atom has a real and imaginary part. The 
imaginary part is responsible for the 
absorption of light and we have seen 
how differential absorption can be used 
to produce a force on the atom. The real 
part of the susceptibility also gives rise 
to a force when the electric field of the 
light is inhomogeneous, i.e. the inten¬ 
sity of the light is non-uniform. This 
force is called the dipole force. When 
the intensity of the light beam shows a 
spatial variation, this dipole force 
pushes an atom towards a region of 
maximum intensity if the laser light is 
red detuned, and away from the region 
of maximum intensity if the laser beam 
is blue detuned (<5 is positive). Using a 
focussed red detuned beam with a 
detuning several times the natural line 
width r it is possible to trap atoms at 
the focus of the light beam^ The vol¬ 
ume of the trapped region is small and 
fluctuations in the light intensity will 
tend to heat the trapped cloud of atoms. 

The most successful trap for neutral 
atoms is the magneto-optical trap 
(MOT). To understand the principle of 
operation of MOT consider an atom in 
one dimension with two energy states 


lg> and \e>. Let the angular momentum 
quantum number F in the ground state 
be zero and F' in the excited state be 1. 
The ground state has a single magnetic 
sub-level \g, 0> and the excited state has 
three magnetic sub-levels le, 1>, le, 0> 
and le, ~1>. This atom is placed in a 
quadrupolar magnetic field varying 
linearly with the x co-ordinate and in 
two counter-propagating red detuned 
laser beams with opposite circular po¬ 
larizations a'*' and a~ as shown in Figure 
3 a. Due to the Zeeman interaction with 
the inhomogeneous magnetic field, the 
energy of the different sub-levels will 
vary with position as shown in the Fig¬ 
ure. The a'*' polarized beam will cause a 
transition from Ig, 0> to \e, +!> state 
while the a" polarized beam will cause a 
transition from Ig, 0> to le, -1> state. If 
the atom is to the right of the origin, the 
energy difference between le, 1> and Ig, 
0> levels comes closer to the laser fre¬ 
quency o)t while the energy level differ¬ 
ence between le, -1> and Ig, 0> levels 
goes farther away from cUl. So the ab¬ 
sorption rate of o'^ photons coming from 
the right is more than the absorption 
rate of a" photons coming from the left. 
The atom experiences a net restoring 
force pushing it towards the origin. 
When the atom moves to the left of the 
origin, the absorption rates are reversed. 
Again there is a net restoring force 
pushing the atom to the origin. This 


force depends on the position and for 
small displacements is proportional to 
the displacement of the atom from the 
origin. So the atom finds itself in a har¬ 
monic oscillator potential. One can real¬ 
ize the same situation with a three- 
dimensional optical molasses with a 
quadrupolar magnetic field produced by 
a pair of coils symmetrically situated 
about the origin carrying currents in the 
opposite sense (see Figure 3 b). The 
three-dimensional harmonic oscillator 
potential has axial symmetry about the 
common axis of the two coils. The light 
beams are circularly polarized in suit¬ 
able directions. With magnetic Held 
gradients of about 10 gauss/cm one can 
realize trapping potentials large enough 
to trap atoms with temperatures of the 
order of a few milli Kelvin. The first 
MOT was realized by E. Raab et al.\ 
With magneto-optical traps it is possible 
to trap 10*^ to 10*^ atoms to a density of 
10*^ atoms/cc. It is not possible to in¬ 
crease the density further because the 
process of multiple absorption and re¬ 
emission of the photons by the atoms 
creates an effective repulsion between 
the atoms. The Doppler and Sub- 
Doppler cooling effects are also simul¬ 
taneously active in the optical molasses. 
So one achieves cooling with trapping. 
The MOT has now been developed to 
such a stage that it is relatively simple 
to fabricate and use such traps^. 



Figure 3. a, An atom with a ground state with F= 0 and an excited state with F' - 1 
IS placed in a magnetic field varying linearly with X The energies of the LTman solit 

f ^ ^he counter-pmpaitingTaseTbeaSs 

are red-detuned with respect to the frequency F = 0 to P = 1 in the absence of the 

ooming from the right is circularly a* polarized while the 

text ft Te thte w-'® polarized. For an explanation of trapping see the 

text, b, The three-dimensional magneto-optical trap. ^ 


CURRENT SCIENCE, VOL. 74, NO. 2, 25 JANUARY 1998 


109 


RESEARCH NEWS 


Applications of ultra-cold 
atoms 

Several fundamental experiments can be 
done with such ultra-cold atomic 
clouds. One can produce an atomic 
fountain of such a cloud by projecting it 
upwards with a small velocity of a few 
cm/s. This can be done by making the 
two counter-propagating laser beams in 
the z direction slightly different in in¬ 
tensity. One can also produce a moving 
standing wave in the z direction by 
making the two counter-propagating 
waves along the z direction to have 
slightly different frequencies. The pro¬ 
jected cloud will reach a certain height 
and fall back in just the same way as a 
ball projected upwards under the action 
of gravity. 

Using such an atomic fountain of 
caesium in a Ramsey type interference 
experiment with microwave beam, it is 
possible to measure the clock frequency 
of Cs more precisely than with existing 
techniques. The precision of the time 
standard can be improved^ by three or¬ 
ders of magnitude to one part in 10^^. 
Using an atomic fountain of sodium and 
performing a Ramsey type experiment 
using optical beams, it has been shown^^ 
that the acceleration due to gravity 
could be measured to a precision of 
three parts in lOl Rotational frequen¬ 
cies as small as 5 X 10"^^ radians/ 
second can be measured 
It is possible to perform experiments 
to test the foundations of quantum me¬ 
chanics. One can verify to what accu¬ 
racy the magnitude of the charge on 
the electron and proton are equal. Phase 


changes introduced by fields on coher¬ 
ent atomic beams can also be measured. 

Using laser cooling as the first stage 
and evaporative cooling as the second 
stage, Bose-Einstein condensation was 
first observed^^ in July 1995 in a cloud 
of two thousand ®^Rb atoms cooled be¬ 
low 170 nano Kelvin. Since then the 
number of atoms in the condensate has 
been increased to more than a million 
atoms and the properties of a weakly 
interacting Bose Condensate of alkali 
atoms have been measured and com¬ 
pared with theory. In 1997 the coher¬ 
ence of the Bose condensate was 
demonstrated^^ by producing interfer¬ 
ence between two condensates. The 
condensates were created in a double 
potential well and allowed to diffuse 
into each other by removing the confin¬ 
ing magnetic field and the blue detuned 
laser beam. It has also been possible to 
couple a fraction of the condensate out 
of the trap making the first atom laser^"^. 
Using lithography with such beams it 
will be possible to achieve information 
storage densities far in excess of what 
has been achieved so far. The possibili¬ 
ties for new applications seem endless. 

The phenomenon of laser cooling and 
trapping has reached the present level of 
maturity only through the seminal work 
of Steven Chu, Cohen—Tannoudji and 
W. D. Phillips. It is therefore appropri¬ 
ate that the Nobel Committee has cho¬ 
sen these three scientists for the award 
of the Nobel Prize for 1997. 
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COMMENTARY 

The population and conservation status of Asian elephants in 
the Periyar Tiger Reserve, Southern India 


Uma Ramakrishnan, J. A. Santosh, Uma Ramakrishnan and R. Sukumar 


Populations of many animal species 
worldwide are threatened with loss of 
genetic variation due to substantial re¬ 
ductions in population size*. The ge¬ 
netically effective population size may 


also decrease due to another demo¬ 
graphic factor - a skewing of the ratio 
of reproducing males to females^ The 
more unequal the sex ratio, the lower 
the effective population size. While the 


sex ratios of polygynous mammals are 
naturally female-biased in most in¬ 
stances due to a variety of reasons, the 
selective hunting of males would further 
exacerbate this situation. Among Asian 


no 
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elephants (Elephas maximus), only the 
males possess tusks (there are also 
tuskless males) and thus are selectively 
targetted by poachers for their ivory^, 
resulting in very skewed sex ratios. 

While ivory poaching has been a 
problem in most southern Indian popu¬ 
lations^, several reports suggested that 
Periyar Tiger Reserve in Kerala is one 
of the worst affected"^. We therefore 
initiated studies on the status, ecology 
and behaviour of elephants in Periyar to 
address several conservation concerns. 
Among the aspects we have studied are 
estimates of elephant population num¬ 
bers, population structure and demogra¬ 
phy, simulation modelling of tusk 
harvest by poachers, and interrelation¬ 
ships of skewed sex ratio and changes in 
social behaviour. In this commentary we 
would like to summarize the present 
status ot Periyar’s elephants, the impact 
that ivory poaching has made on the 
population, and its demographic, ge¬ 
netic and conservation implications. 

Periyar Tiger Reserve (777 km^) in 
Kerala state is constituted around a lake, 
with a waterspread of 26 km^, created 
by a dam constructed across the Periyar 
river in 1895. The vegetation of the 
reserve consists of tropical wet ever¬ 
green and semi-evergreen forests, inter¬ 
spersed with moist deciduous forests 
and grasslands. Periyar was amongst the 
first Project Tiger Reserves declared in 
1973, and more recently designated as 
an Elephant Reserve (No. 10) under 
India’s Project Elephant^. 


A rapid survey was carried out at 
Periyar during March-May 1994, when 
density estimates were made and data on 
population structure obtained. We con¬ 
tinued observation on the population 
structure and demography of elephants 
from June 1994 to June 1995 and during 
February-April 1997. A vegetation map 
of Periyar Tiger Research (PTR)^ 
formed the basis of our survey and 
stratification of the reserve for the pur¬ 
pose of sampling. The density of ele¬ 
phants was estimated using the line 
transect, indirect count method de¬ 
scribed elsewhere^’^ A total of 64 tran¬ 
sects was cut in different habitat types, 
and data analysed separately for each 
habitat type and also for areas around 
the lake (i.e. 0.5 km from the lake 
shore) and away from the lake. The 
daily defaecation rate of elephants was 
taken to be 16.3 (CV of 10%) based on 
data from wild elephants at Mudu- 
malai”^, while the daily dung decay rate 
of 0.013/day (CV of 10%) from calcu¬ 
lations at Parambikulam Sanctuary^^^ 
where the climate and vegetation are in 
part similar to Periyar. Dung and ele¬ 
phant densities estimates were calcu¬ 
lated for each habitat type using the 
programs TRANSECT'\ and GAJAHA 
which uses a Monte Carlo method de¬ 
scribed in detail elsewhere'^. Elephants 
were aged by field techniques for con¬ 
structing the population age structure^. 
Population structures were also obtained 
during another phase of field work dur¬ 
ing February-April 1997. 


The total number of elephants in the 
sanctuary was found to be 1166 (95% 
confidence limits of 641-2115) during 
our 1994 survey. This is comparable to 
the estimates of 800 elephants (within 
high use areas alone) during 1978 
through indirect count'^ 935-1100 
during 1987—89 by Chandran"' and dung 
densities in Thekkady Range during the 
1993 census by Kerala Forest Research 
Institute'"*. 

Using direct elephant sightings, the 
adult male to female ratio was found to 
be 1:101 in the present study. Of the 5 
adult males recorded, only two were 
tuskers and the rest were makhnas. It is 
possible that we may have missed an¬ 
other tusker according to local reports. 
The time series data on population 
structure across the various studies 
during the period 1969-97 clearly 
brings out a decline in the proportions 
of males in the population (Table 1). 
Concurrently, the numbers of males in 
the population would have also declined 
in the absence of any significant in¬ 
crease in the total population size. The 
population size is unlikely to have in¬ 
creased much, at least during the latter 
half of the above period (1969-97), 
because of a clear decline in recruitment 
into the population (discussed below). 

Some of the data from previous stud¬ 
ies such as Kurup'^ and Chandran"* can¬ 
not be directly compared with ours 
because the former do not clearly define 
the various categories (calf, juvenile, 
sub-adult and adult) either in terms of 


Table 1. Comparison of age structures and sex ratios of elephant populations in southern India 


Female (% population) Male (% population) 


Calf 

Juvenile 

Sub-adult 

Adult 

Calf 

Juvenile 

Sub-adult 

Adult 


Periyar 1969 

1.2 

.19.0*- 


51.5 

1.2 


•19.0*. 

8 0 

Periyar 1978-80** 

?. 

? 

? 

? 

? 

7 

? 

6 7 

3.1 

0 8 

Periyar 1981-82 

7.2 

6.6* 

8.1 

56.7 

7.2 

6.6* 

Periyar 1987-89 

. 8.8* ■ 


18.5 

60.2 


8.8*. 

3 3 

0.5 

0.5 

Periyar 1994-95 

2.1 

10.2 

25.1 

51.9 

1.8 

4.9 

3.5 

Periyar 1997 
Satyamangalam- 

4.9 

8.4 

11.6 

60.4 

4.9 

5.6 

3.7 

0.5 

Chamarajanagar 1981-83 
Mudumalai- 

3.6 

10.6 

18.5 

35.3 

3.6 

14.3 

6.8 

7.4 

Bandipur 1994 

3.5 

10.8 

14.5 

37.2 

3.5 

15.7 

10.8 

4.0 


Note that classification into various age categories at Periyar during 1969 (ref. 15), 1978-80, 1981-82 (ref. 13) and 1987-89 fref 
4) are not directly comparable with the rest of the data (Ref. 3 and our observations). See text for details 
*Combined data for juveniles and sub-adults. 

**Data on herd classification not available for Periyar during 1978-80. 

^Juveniles have not been sexed during 1981-82. Therefore equal numbers of males and females have been assumed 
Combined data for calves and juveniles. 
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age or actual sizes, while we have de¬ 
fined these as calf (<1 yr), juvenile (1- 
5 yr), sub-adult (5-15 yr) and adult 
(>15 yr) based on size criteria^. Even if 
the definitions of elephant categories 
are not directly comparable, the distinct 
decline in the juvenile, sub-adult and 
adult male categories can be seen over 
this time period. 

The ratio of adult male to female 
seems to have progressively skewed 
from about 1:6 (1969) to 1:19 (1977- 
79) and then skewed substantially to 
1:71 (1980-82) reaching a peak of 
1:122 (1987-89). It is important to re¬ 
member that skewing of the adult sex 
ratio will proceed at a geometric rate 
with the progressive death of one sex, 
and thus the death of one or a few adult 
males will skew the ratio substantially 
as their numbers reduce in the popula¬ 
tion. 

Interestingly, both the sub-adult and 
males categories seem to have reached 
very low frequencies even by 1987-89 
when Chandran'^ studied this popula¬ 
tion, and have not changed much over 
the next five years. These data indicate 
that ivory poaching began during the 
1970s itself, with the adult male seg¬ 
ment being targetted and then moved 
down to the sub-adult category by the 
1980s. Severe poaching is indicated 
during the period prior to 1987 when 
even juvenile males have not been 
spared. Computer simulation modelling 
of elephant demography indicates that 
336-388 tuskers of various ages have 
been killed and 3256—3334 kg of tusks 
harvested by poachers over the period 
1974-94 (ref. 16). 

Another demographic effect of the 
high rates of poaching and extreme 
skew in adult sex ratios is a decline in 
the birth rate of the population. Our 
1994-95 data indicated that the average 
fecundity was only 0.075/adult fe¬ 
male/year as compared to between 0.20 
and 0.25 for the more productive popu¬ 
lations in southern India^ The most 
likely cause of the fecundity decline is 
an Allee effectWith an extremely low 
number of adult males in the popula¬ 
tions, a substantial proportion of fe¬ 
males coming into estrus would not be 
detected and mated. Another possible 
reason for the low numbers of calves 
and juveniles seen at Periyar is that 
females may have stopped reproducing 
under conditions of extreme stress 


(poaching), or infant mortality may have 
been very high, as may have happened 
in an African elephant population at 
Ruaha, Tanzania^^. The decline in re¬ 
cruitment into the population is not 
because of inter-annual variations in 
births as seen elsewhere in the south^ 
but a phenomenon which has persisted 
for several years as seen from the low 
numbers of juveniles in the 1994-95 
age structure. Our 1997 observations, 
however, showed an increase in births 
with a fecundity rate of 0.16/adult fe¬ 
male/year, still lower than the potential 
rate. It is possible that 1997 represents a 
geniline upswing in reproductive rates 
or that our limited sampling during 
three dry months represents only a sin¬ 
gle clan at Periyar. 

Another aspect of reproduction at 
Periyar that has been observed is the 
presence of several barren adult fe¬ 
males. Such female elephants show no 
sign of mammary gland activity and, 
further, have retracted nipples indicat¬ 
ing that they have not reproduced or 
may be incapable of reproducing. This 
has also been noted by another experi¬ 
enced elephant observer (D. K. Lahiri- 
Choudhury, pers. commun.). It is pos¬ 
sible that an alteration of reproductive 
physiology in female elephants is re¬ 
lated to the near absence of adult males 
in the population over an extended pe¬ 
riod of time. This aspect requires further 
study, possibly through monitoring me¬ 
tabolites of reproductive hormones in 
faeces 

The present situation of the elephant 
population at Periyar clearly calls for 
further research and active management. 
The elephant population here can pos¬ 
sibly withstand the drastic reduction in 
the genetically effective population size 
(Nq), because this reduction has oc¬ 
curred over a single elephant generation 
(about 20 years). In theory, a one gen¬ 
eration reduction of to 20+ still re¬ 
tains about 98% of the original (prior to 
the poaching spate) heterozygosity, 
assuming random sampling of indi¬ 
viduals. Allelic diversity could, how¬ 
ever, be expected to suffer greater 
decline, with rare alleles having a high 
probability of being lost during a popu¬ 
lation bottleneck^^^ Obviously the 
poaching of male elephants has been 
selective, at least in the initial years, 
and thus the genetic erosion could have 
been more serious^^ 


Management options for Periyar 
would include the translocation of adult 
male elephants from other populations 
with surpluses, in order to increase the 
genetically effective population size to 
50 or above. This could be achieved by 
increasing the number of adult males 
from the present 6 to 13 individuals. 
Apart from increasing this would 
also serve to stimulate the birth rate of 
the population. Several questions would 
arise about such a proposed transloca¬ 
tion. First of all, there is the question of 
protection of translocated bulls from 
poachers. From this angle, it may be 
better to translocate tuskless bulls 
(makhnas) into Periyar, given that ivory 
poaching is likely to be a continuing 
problem^^ If breeding makhnas are 
translocated, the frequency of alleles for 
tusklessness would increase. Available 
data on captive elephant breeding (RS, 
unpublished) indicate that females are 
also carriers of the genes for tusks. 
Among sons born to females mated by a 
makhna, a certain proportion would thus 
still be tuskers (heterozygous genotype). 

It may thus be prudent to translocate 
makhnas or a mixture of makhnas and 
tuskers until protection from poachers is 
ensured. 

The next aspect to be considered is 
that of the genetic consequences of in¬ 
troducing males from a population (such 
as Assam, where surplus makhnas are 
most likely to be available) which has 
been isolated from Periyar for a long 
period of time. Related to this is the 
health (parasite and disease) status of 
translocated bulls. Could elephants in 
Periyar have evolved resistance to cer¬ 
tain local parasites against which ele¬ 
phants from another population may not 
have resistance? Could the translocation 
of such bulls disrupt locally-adapted 
gene complexes at Periyar? This calls 
for basic studies on patterns of genetic 
variation and levels of divergence 
among the elephant populations at Peri¬ 
yar and elsewhere. Concurrently, there 
have to be studies on the parasite and 
health status of elephants in these 
populations. If bulls are translocated 
into Periyar, it would be advisable to do 
this in stages after careful monitoring of 
these bulls through radio-telemetry to 
study breeding and possible conflict 
with people. It is time that such an ele¬ 
phant management programme is initi¬ 
ated at Periyar. The current status of 
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this important elephant population war¬ 
rants immediate management action. 


1. Advise, J. C. and Hamrick, J. L., Con¬ 
servation Genetics: Case Histories from 
Nature, Chapman and Hall, New York, 
1996. 

2. Harris, R. B. and Allendorf, F. W., Con- 
serv. BioL, 1989, 3, 181-191. 

3. Sukumar, R., The Asian Elephant: 
Ecology and Management, Cambridge 
University Press, New York, 1989. 

4. Chandran, P. M., Proceedings of the 
Elephant Symposium, Kerala Forest 
Department, Trivandrum, 1990, pp 51- 
56. 

5. Anonymous, Project Elephant 
(Gajatme), Ministry of Environment 
and Forest, Govt, of India, 1993, p. 46. 

6. Chandrasekharan, C., Vegetation Map 
of Kerala, Forest Department, Trivan¬ 
drum, 1973. 

7. Barnes, R. F. W. and Jensen, K. L., 
lUCN African Elephant and Rhino 
Specialist Group Tech. Bull., 1987. 

8. Varman, K. S., Ramakrishnan, U. and 
Sukumar, R., in A Week with Elephants 
(eds Daniel, J. C. and Datye, H.), Bom¬ 
bay Natural History Society, Bombay 
and Oxford University Press, New 
Delhi, 1995, pp. 331-339. 


9. Watve, M. G., PhD. thesis, Indian Insti¬ 
tute of Science, Bangalore, 1992. 

10. Dawson, S., MSc thesis, Department of 
Zoology, University of Oxford, 1990. 

11. White, G. C., Program TRANSECT- 
Line transect Data Analysing Program, 
Colorado State University, Fort Collins, 
1987. 

12. Santosh, J. A. and Sukumar, R., in A 
Week with Elephants (eds Daniel, J. C. 
and Datye, H.), Bombay Natural History 
Society, Bombay and Oxford University 
Press, New Delhi, 1995, pp. 394-404. 

13. Nair, P. V., Ramachandran, K. K., 
Vijayan, V. S., Easa, P. S. and 
Balakrishnan, P. V., Kerala Forest Re¬ 
search Institute Report-24, Peechi, Ker¬ 
ala, 1985, p. 159. 

14. Anonymous, Wildlife Census - Kerala 
1993, A Report, Kerala Forest Research 
Institute, Peechi, Trichur, 1993, p. 129. 

15. Kurup, G. U., Cheetal, 1971, 13, 5-18. 

16. Sukumar, R., Ramakrishnan, U. and 
Santosh, J. A., Ms in review. 

17. Dennis, B., Natural Resource Modeling, 
1989,3, 481-538. 

18. Barnes, R. F. W. and Kapela, E. B., Afr. 
J. Ecol., 1991, 29, 289-294. 

19. Lasley, B. L. and Kirkpatrick, J. F., 
J. Zoo Anim. Wildlife Med., 1991, 22, 
23-31. 


20. Franklin, I. R., in Conservation Biol¬ 
ogy: An Evolutionary-Ecological Per¬ 
spective (eds. Soule, M. E. and Wilcox, 
B. A.), Sinauer Associates, Sunderland, 
Massachusetts, 1980, pp. 135-149. 

21. Watve, M. G. and Sukumar, R., Curr. 
Sci„ 1997, 72, 885-888. 

22. Menon, V„ Sukumar, R. and Kumar, A 
God in Distress: Threats of Poaching 
and the Ivory Trade to the Asian Ele¬ 
phant in India, Asian Elephant Conser¬ 
vation Centre, Bangalore and Wildlife 
Protection Society of India, New Delhi, 
1997, p. 91. 

ACKNOWLEDGEMENTS. We thank the 
Forest Department of Kerala for facilities 
and research permissions. This study was 
funded by the Ministry of Environment and 
Forests, Government of India. The prelimi¬ 
nary survey was funded by the Calgary 
Zoological Society and Wildlife Preservation 
Trust International through the lUCN/SSC 
Asian Elephant Specialist Group. 


The authors are from the Asian Ele¬ 
phant Conservation Centre and Centre 
for Ecological Sciences, Indian Institute 
of Science, Bangalore 560 012, India, 


SCIENTIFIC CORRESPONDENCE 

Typical liptinitic bodies from Neyveli lignite deposits, India 


Coal and lignite, the sedimentary or¬ 
ganic deposits consist of various micro¬ 
constituents called ‘macerals’ 
(= ‘minerals’ in inorganic rocks) which 
originate during the ‘coalification’ 
process, that is transformation of vege¬ 
tal matter into coal*’^. Different maceral 
groups are vitrinite - originated from 
woody plant remains, liptinite - derived 
from hydrogen-rich plant parts (pollen- 
spores, cuticles, resins, suberin, etc.), 
and inertinite - incorporating the car¬ 
bon-rich oxidized plant remains, show 
different behaviour under normal and 
fluorescence modes^ Relatively hydro¬ 
gen-rich liptinite macerals fluoresce 
under fluorescence mode with wide 
range of colours. Based on morphologi¬ 
cal and optical properties, it is possible 
to correlate various macerals to their 
original plant parts and to reconstruct 
the palaeoHora^’^. 


Besides traditional macerals, typical 
multicellular bodies emitting the light of 


yellow and brownish-yellow colours 
have been found during the investiga- 
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Figure 2. Recorded fluorescing bodies (Fb) in a row align parallel to cutinite (Cu), under 
blue light excitation (oil immersion). 


tion of particulate polished pellets, 
made from core samples of bore-holes 
NLE-27, 35 and 36 (courtesy GSP) 
from mini III area of the Neyveli Lig- 
nitefield, Tamil Nadu, India (Figure 1), 
under blue light excitation (fluorescence 
mode). The observations have been 
made on Leitz MPV-3 Unit following 
the recommendations of ICCP"^. The 
recovered fluorescing bodies, ranging in 
frequency between 0.2 and 6.8%, aver¬ 
age 0.8%, have always been found 
aligned parallel to the maceral cutinite 
(cuticles), either discretely or in rows 
(Figure 2). The bodies are either unise- 
riate or multiseriate with the size range 
160-400 pm X 40—135 pm. In vertical 
section, the bodies are spindle-shaped, 
tapering at both the ends. The cells in 
the median part are round and larger, 
gradually reducing in size and tapering 
towards ends. 

The property of auto-fluorescence and 
its close association with the cutinite 


suggest that these bodies might be some 
epidermal structures (rich in hydrogen 
content) borne on leaf surfaces of lig¬ 
nite-forming plants. However, these 
bodies of the liptinite group, at present, 
could not be assigned to their original 
plant part or organ. The affiliation may 
be possible when additional morpho¬ 
logical characters are obtained on more 
specimens. 

Various morphological and anatomi¬ 
cal characters, like cuticle thickness, 
number and nature of stomata, epider¬ 
mal appendages, salt glands, pollen- 
spores size, exine sculpture, etc. reveal 
different habitats of plants or ecological 
conditions'"’^. The newly-recorded epi¬ 
dermal bodies/structures are, therefore, 
significant for the reconstruction of 
palaeoflora and for deducing the depo- 
sitional conditions of the Neyveli lignite 
deposit, as the plants bearing these fluo¬ 
rescing bodies may indicate some spe¬ 
cific palaeoecological conditions. 


Further, increase in the amount of lipt- 
initic content may also be influential for 
the assessment of technological proper¬ 
ties of the deposit for its various uses. 
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Challenges in neuroscience* 
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Masao Ito 


ach Z J I 20?/^ century, science and technology based on physics and chemistry 

aJvan^ m the arena of inanimate objects. However, developments in biology- 
increased during the latter half of the 20th century and successfully 
^he lZn fi fl 7/ . creatures across the classic border between the inanimate and 

tntl . I century science and technology will turn to the human being, in particular 

to the brain that is the site of our mind. It is a thrilling question as to whether science and tech¬ 
nology can close the gap between matter and mind or between non-human and human lives 


Century of the brain 

I would like to define the 21st century as the century of 
the brain for the following three predictions: 

1) Based on the knowledge accumulated and the tech¬ 
nology developed until now, neuroscience has reached a 
highly strategic stage where breakthroughs are envis¬ 
aged in the very near future. This is an area of science 
where many discoveries are still to take place, which are 
directly in response to the intellectual demand to un¬ 
cover what we are as human beings. 

2) Neuioscience can greatly benefit society through 
medical applications to cure neurological and psychiat- 
lic disoideis and repair brain damage as well as prevent 
drug abuse and brain aging, which are threatening our 
society. In Japan, for example, 20% of the total govern¬ 
ment medical care expenditure is spent for brain and 
nerve disorders, and this figure may rise as individuals 
above 65 years of age will represent 1/3 of the total 
population in 50 years. 

3) Neuioscience can also benefit society through 
technological applications to produce new information 
technology which will have great impact on the forth¬ 
coming highly information-oriented society. Brain-like 
computers and human-like robots are still dreams, but 
aic becoming more and more realistic as neuroscience 
advances. 

In contrast to this positive side, neuroscience also has 
a negative side as science inevitably contains. One 
should iear the possibility of abusing neuroscience in 
manipulating human mental capabilities and altering 
personality as well as impairing human dignity. It is 
such a problem that not only neuroscience but also any 


Masao Ito is in the Brain Science Institute, The Institute of Physical 
and Chemical Research (RIKEN), Wako, Saitama 351-01, Japan. 
*Text of the Rajiv Gandhi Science and Technology Lecture delivered 
at Chennai on 27 November 1997. 


branches of life science rely upon animal experiments. I 
would urge all experimenters to make a careful choice 
of appropriate animal species and the number to be used 
in experiments. To reduce animal use to a minimum and 
to avoid uselessly painful procedures are absolute con¬ 
ditions for any animal experiment. 

Promotion of neuroscience today needs special con¬ 
sideration because neuroscience is a highly interdisci¬ 
plinary field investigated in numerous relatively small 
laboratories, often described as a distributed mega¬ 
science as contrasted to a concentrated megascience 
which is based on highly concentrated facilities such as 
a nuclear collider or a space ship. For the diversity, re¬ 
moval of the barriers between university faculties and 
between administrative departments is vital. Although 
the ‘decade of the brain’ campaign started in 1990 in the 
USA, paiticularly aimed at medical applications, a re¬ 
search project called the Age of Brain Science has been 
launched by the Japanese government in 1996 support¬ 
ing three subfields of neuroscience, i.e. to understand 
the brain, to protect (care for) the brain, and to create 
(model) a brain, in the next twenty years. Accordingly, 
special neuroscience grants have been created, and the 
Brain Science Institute was launched in RIKEN on 1 
October 1997. 

India has a long, brilliant tradition of neuroscience, 
and has numerous highly motivated researchers as or¬ 
ganized in several national societies. Federation of 
Asian and Oceanian Neuroscience Societies (FAONS) 
has been established last year for promoting neurosci¬ 
ence in Asia and Oceania. I am sure that Indian neuro¬ 
scientists will contribute a great deal to challenges in 
neuroscience in the 21st century. 

Discoveries and innovations in neuroscience 

Neuioscience is a unique field of science which not only 
requires reductionistic analyses but also synthetic inte- 
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grations. So far, the reductionist approach has been suc¬ 
cessful in dissecting brains into nerve cells and glia 
cells, and these brain cells into molecules (Figure 1). 
Individual researchers tend to dwell at one of these hier¬ 
archical levels of brains, cells and molecules, without 
concern of the other levels. However, it now seems to be 
the time to take a turn towards integration, molecules to 
cells and cells to brain tissues and to begin to syntheti¬ 
cally study behaviour and the mind. 

Studies of the brain have been recorded since early 
history, and there were some outstanding discoveries 
made at the beginning of the 20th century, or even in the 
19th century (Table 1). Studies of the brain continued to 
be fruitful through the 1960s and 1970s, and thereafter 
new developments were introduced by innovation of 
non-invasive measurement methods of brain activities 
such as PET (positron emission tomography), fMRI 
(functional magnetic resonance imaging) and MEG 
(magnetic encephalography), and also by developments 
in theoretical modelling and computer simulation tech¬ 
niques. 

At the cellular level, a number of discoveries of cellu¬ 
lar processes and technological innovations in the use of 
tissue culture and brain slices were made in the 1950s to 
60s (Table 2). The recent years have been characterized 
by rich new technology for cellular neuroscience such as 
patch clamping to isolate activities of single channels, 
and various imaging techniques enabling us to observe 
cellular activities without cell penetration. 

Studies at molecular levels have developed relatively 
late, and the 1980s were a particularly productive period 
(Table 3). At present, there are six categories of themes 
which need further elucidation at the molecular level 
(Figure 2): (1) first messengers (transmitters, modula¬ 
tors, hormones), (2) signal transducing molecules 
(receptors, second messengers, protein kinases, protein 
phosphatases, phosphoproteins), (3) neurotrophins 


[Unique Field Requiring Integrationj 



Figure 1. Unique feature of neuroscience. 


Table 1. Advances in neuroscience at brain level 


1861 

Speech arena 

1870 

Motor area 

1904 

Classical conditioning 

1906 

Spinal reflex 

1909 

Brodman’s brain map 

1911 

Neuronal diagrams 

1914- 

Vestibular equilibrium function 

1929 

EEC 

1929 

Emotional function by hypothalamus 

1934 

Perspiration mechanisms (Kuno) 

1940 

Satiety center 

1949 

Auditory mechanism 

1951 

Food-intake center (Anand, B. K., et al.) 

1955 

REM sleep 

1957 

Self stimulation 

1959 

Human brain mapping 

1962 

Visual cortical feature extraction process 

1962 

Simple perceptron model 

1966 

Locomotion in thalamic cat 

1967 

Cerebellar circuit analysis 

1968 

Split brain 

1969 

Readiness potential 

1971 

CT-scan 

1977 

2-deoxyglucose method 

1985 

Brain blood circulation increase during thought 

1986 

Neurocomputer model 

1990 

Neurobiology of consciousness 


PET-scan 


MEG 


fMRI 

1994 

Frontal mental theta wave 

2000 

Age of human cognitive function 



motor molecules/ 
synaptic vesicle- 
associated proteins 



slow virus/prion/ 
j3 A proteins 


lEG/disease genes/^ 
triplet repeat diseases/ ) 
gene knockout 


Figure 2. Six categories of molecules active in the brain. 


(NGF, etc.) and adhesion molecules, (4) microstructural 
molecules (cytoskeleton, motor molecules, vesicle- 
associated proteins), (5) exogenous pathogens (slow 
viruses, prion), and (6) genes (immediate early genes, 
disease genes, triplet repeats, gene transfers). 


116 


CURRENT SCIENCE, VOL. 74, NO. 2, 25 JANUARY 1998 







GENERAL ARTICLES 


Table 2. Advances in neuroscience at cellular levels 


1838 

1850 

1910 

1922 

1932 

Microscopic observation of nerve cells 

Nerve conduction velocity 

Neuron concept 

CRO observation of action potential 

Sensory signal transduction 

1949 

Hebbian synapse 

1951 

Inhibitory synapse 

1951 

Quantal release of transmitter 

1952 

Na theory 

1957 

Presynaptic inhibition 


Sensory receptor mechanisms 

I960 

Electrical synapse 

1964 

Ca^"^ spike 


Tissue culture 
Brain slice method 


1973 

LTP 

1976 

Patch-clamp single channel recording 

1980 

Transplantation of nerve cells 

1982 

LTD 

1990 

Ca imaging 

Optical recording with voltage-sensitive dyes 
Dendritic function 


Axonomal targeting 

Apoptosis 

2000 

Age of developmental neuroscience on growth, 
differentiation, proliferation, degeneration, and 


death of neurons and glia 

Table 3. Advances in neuroscience at molecular levels 

1931 

Substance P 

1936 

Ach as transmitter 

1946 

Noradrenaline 

1950 

Nerve growth factor 

1952 

Tranquilizer 

1954 

Posterior pituitary hormones 

1962 

Glutamate as transmitter 

1963 

Slow virus 

1967 

GABA as transmitter 

1969 

TRH 

1971 

LHRH 

1974 

Somatostatin 

1975 

Endogenous opiates 

1980 

Monoclonal antibodies 

1980 

NO 

1981 

CRF 

1982 

GRH 

1983 

Huntington disease gene 

1983 

nCAM 

1984 

Ach receptor and Na channel cloned 

1984 

C-kinase 

1989 

Glutamate receptors 

1990 

Prion 

Motor molecules 

Glutamate transporters 

Vesicle-associated proteins 

Immediate early genes 

Triplet repeat diseases 

Knockout mice 

2000 

Age of gene regulatory mechanisms in health and diseases 


Perspectives of neuroscience 

Extrapolating these recent advances, one would expect 
that early in the 21st century, neuroscience will uncover 
gene regulatory mechanisms of cellular functions, de¬ 
velopmental mechanisms of growth, differentiation, 
proliferation, aging and death of brain cells, as well as 
brain mechanisms of human cognitive functions. Apart 
from infection by exogenous pathogens, most brain dis¬ 
orders are due to impairment of gene regulatory and 
developmental mechanisms in brain cells. The immedi¬ 
ate challenge in neuroscience for the coming years is the 
development of effective medical care technology for 
diagnosis, medication, gene therapy and neurosurgery to 
prevent and cure neurologic and psychiatric disorders, 
brain damage, drug abuse and brain aging, which have 
so far been very difficult to approach. 

The second challenge in neuroscience is to produce a 
brain-like computer and human-like robot. A neurocom¬ 
puter mimicking the multilayered neuronal networks 
of the brain with incorporated synaptic plasticity as 
memory elements, would display substantial computa¬ 
tional power for information processing. Nevertheless, 
the present neurocomputer is far from duplicating the 
brain’s capabilities of inference, emotion, volition or 
self-awareness. There is still a large gap in our knowl¬ 
edge of brain mechanisms of these mental activities that 
might be filled before we can reproduce them artifi¬ 
cially. 

A third challenge in neuroscience is to understand 
how the brain works to conform with the mind. Studies 
at the behavioural and mind levels have been conducted 
primarily in the field of psychology, psychiatry and 
ethology rather than neuroscience. There remains a 
large gap in our understanding between the mind/ 
behaviour components and brain function,' but the gap 
is mostly due to very poor comprehension of the func¬ 
tions of brain tissues. The following sections present a 
scenario of neuroscience that might fill this gap by 
exploring the structure-function relationship of the 
brain. 

It should be mentioned that the second and third 
challenges are interrelated. If we understand the struc¬ 
ture-function relationships of the brain, it will help us 
produce a brain-like computer. On the other hand, theo¬ 
retical modelling will help us gain insight into the com¬ 
plex structure-function relationships of the brain. 
Therefore, both these areas should be focused on to¬ 
gether. 

Evolution of the brain 

One unique way to bridge the functions of the brain and 
behaviour/mind components is to observe the systematic 
evolutionary development of brain structures. The most 
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fundamental structure is seen in the lower vertebrates 
such as fish, frogs and snakes, where the brain stem and 
spinal cord implement three categories of functions 
(Figure 3), i.e. (1) reflexes, (2) compound movements 
such as locomotion and saccadic eye movement, and (3) 
innate behaviour such as food and water intake and re¬ 
productive behaviour. The center for innate behaviour is 
located in the hypothalamus at the rostral end of the 
brain stem, while centers for reflexes and compound 
movements are distributed throughout the spinal cord 
and brain stem. 

To these three functional systems, four regulatory 
systems are attached, i.e. (A) the limbic system, (B) ba¬ 
sal ganglia, (C) cerebellum, and (D) the wakefulness- 
sleep centers in the brain stem. In terms of evolution, 
the limbic system is an old part of the cerebrum that acts 
to modify innate behaviours by positive and negative 
reinforcement. An animal approaches water when it was 
perceived as sweet in previous tasting, but it avoids the 
seemingly same water when it was perceived salty pre¬ 
viously. Therefore, the behaviour toward the same water 
is modified due to the animal’s experiences so that the 
behaviour remains purposeful for animals’ survival. The 
role of the limbic system can be defined as conferring 
purpose on innate behaviours. 

The basal ganglia form a massive network lying in the 
deep interior of the cerebrum. Even though it is still un¬ 
der debate, the major function of the basal ganglia 
seems to be the following. Since numerous activities, 
competitive or even conflicting, may occur in the brain 
stem and spinal cord simultaneously, a mechanism of 
choosing one among them and suppressing the others is 
necessary for the stable operation of the functional sys¬ 
tems. My proposal is that such selection is done at the 
basal ganglia to ensure stability in the system. 

By contrast, the cerebellum contains adaptive mecha¬ 
nisms. A small compartment of the cerebellum equipped 


CEREBRAL NEOCORTEX 



BRAINSTEM & SPINAL CORD 
Figure 3. System structure of the brain. WS, wakefulness-sleep. 



Figure 4. Structural compartment unit of the cerebellum. CC, cere¬ 
bellar cortex; pc, Purkinje cell; gc, granule cell; pf, parallel fiber; cf, 
climbing fiber; mf, mossy fiber; LTD, long-term depression;’loi 
inferior olive; VN, vestibular nuclei; CN, cerebellar nuclei; CNMC; 
cerebellar corticonuclear inicrocomplex. 


with adaptive mechanisms changes its input-output re¬ 
lationships through learning driven by error signals 
(Figure 4). A type of synaptic plasticity called long-term 
depression, LTD, is the major mechanism of this error- 
driven learning. When an animal faces a change in the 
environment, the cerebellum acts to adjust movements 
so that the animal is able to maintain precise and smooth 
movement. 

The wakefulness-sleep centers in the brain stem may 
exeit more general action than the other regulatory sys¬ 
tems upon the functional systems (1H3), such as rest¬ 
ing and recovery during sleep from the exhaustion 
caused by waking activities. In view of the neuroscien¬ 
tific data accumulated to date, it is reasonable to think 
that the three functional systems (l)-(3) and four regula¬ 
tory systems (A)-(D) (Figure 3) together provide the 
central nervous system of lower vertebrates with the 
machinery for their behaviours. 


Development of the cerebral cortex 

In lower mammals such as rats, cats and dogs, the cere¬ 
bral neocortex develops and constitutes a fourth func¬ 
tional system which consists of the sensory and motor 
areas of the neocortex as well as the thalamus. The 
fourth functional system in the cerebral cortex carries 
out elaborate sensori-motor functions. My hypothesis is 
that the four regulatory systems (A)—(D) act upon this 
fourth functional system in a manner similar to func¬ 
tional systems (l)-(3) with similar operational princi¬ 
ples.. 

In primates, the association cortex has developed to 
such an extent that in humans it occupies two thirds of 
the entire cerebral neocortex, and together with the as- 
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[limbic systkSI Ice'rebellumI 



Figure 5. Internal loop structure in the brain. 


sociated part of the thalamus, constitutes a fifth func¬ 
tional system in the brain. The primate association cor¬ 
tex has two major areas, i.e. the prefrontal area anterior 
to the motor areas and the parietolateral area surrounded 
by the sensory areas. The parietolateral area collects 
sensory information from various sensory and perisen- 
sory areas, and integrates this information to form im¬ 
ages and concepts or ideas. In the case of attention or 
no-go suppression, the prefrontal area sends command 
signals to the sensori-motor cortex to interfere with the 
fourth functional system (Figure 5). The prefrontal area 
also sends command signals to the parietolateral area. 
A unique feature of the fifth functional system is that 
the prefrontal and parietolateral areas are interconnected 
to form an internal loop in the brain. The prefrontal 
cortex acts to manipulate images, concepts and ideas 
encoded in the parietolateral area via this loop, whose 
action seems to represent the process of thought. The 
fifth functional system also seems to be under the 
influence of the four regulatory systems (A)-(D) 
(Figure 3). 

Roles and mechanisms of brain systems 

The relationship between the brain and mind/behaviour 
levels could be uncovered if the roles and mechanisms 
of the 9 systejns of the brain (Figure 3) could be identi¬ 
fied. Reflexes represent essentially a classic type of 
control with a reflex center acting as a controller upon a 


skeletomuscular system as a control object. Compound 
movements involve a rhythm generator or other types of 
function generators in addition to the classic control 
system structures. Mechanisms of innate behaviours are 
more complicated than those of compound movements 
and include an internal program for complex behav¬ 
ioural responses. 

Besides reflexes and compound movements, roles and 
mechanisms have been most thoroughly elucidated in 
the cerebellum. In modern terms, a cerebellar unit at¬ 
tached to a reflex or compound movement converts 
classic control to a modern type of adaptive control. 
When attached to the cerebral neocortex, which forms 
the fourth and fifth functional systems, a cerebellar 
adaptive unit appears to provide an internal model. 
Consider a cerebellar unit fed by input signals common 
to a system to be copied, with detected discrepancies of 
outputs determined as error signals (Figure 6). When the 
error signals are fed into the cerebellar unit to induce 
self-reorganization of its neuronal networks due to LTD 
induction, the signal transfer characteristics of the cere¬ 
bellar unit are modified to result in minimization of the 
error signals until the cerebellar unit becomes a model 
having signal transfer characteristics identical to those 
of the system to be copied. 

I interpret the loop connection between the motor area 
of the cerebral neocortex and the paravermal cortex of 
the cerebellum to serve a voluntary motor control utiliz¬ 
ing such a model in the cerebellum (Figure 7). When the 
motor cortex sends command signals to a particular 
skeletomuscular system to perform a voluntary move¬ 
ment, the same signals may be sent to a model of that 
system, the output of which is returned back to the mo¬ 
tor cortex. Thus, a voluntary movement may be per¬ 
formed without using the external sensory feedback in 
response to the actual movement, but instead by relying 
upon internal feedback through a model in the cerebel¬ 
lum. This control system explains why movement exer¬ 
cise increases skill; a cerebellar model of the 
skeletomuscular system in use is formed during the re¬ 
peated exercise. This control system also explains dys- 
metria, a typical cerebellar symptom. While a healthy 



Figure 6. Model formation in a cerebellar unit by its adaptive 
mechanism. 
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DYNAMICS MODEL MOTOR CONTROL 



Figure 7. Principle of dynamics model control of movement. 10. inferior olive, cf, climbing fiber. 


person can accurately touch his or her nose with a fin- 
prtip even with closed eyes, a patient with certain cere¬ 
bellar diseases becomes unable to do so, apparently due 
to lack of a cerebellar model for the finger-to-nose 
pointing movement. 

The above control system scheme for voluntary 
movements can be extended to explain thought proc¬ 
esses for which the prefrontal association cortex acts as 
a controller to manipulate images, concepts or ideas 
the parietolateral area as control objects. 
While the thought process is repeated, a model of im¬ 
ages, concepts or ideas will be formed in the cerebellum 
so that the thought process can be performed in a feed¬ 
forward manner without feedback. Here, an analogy is 
assumed between thought and movement. In the same 
way as we move arms and legs, we move images, con¬ 
cepts and Ideas in our mind. The objects to be controlled 
are yery different in movement and thought, but the op¬ 
erating control system principles may be identical in 
operation. The control system principles thus have wide 
application to problems of both movement and thought. 


Problems of subjectivity 

The psychology-divided components of the mind/ 
behaviour such as perception, emotion, learning, 
oug t, language, awareness and these are related to 
certain distinct areas of the brain. It is therefore possible 
to investigate their mechanisms by identifying these ar¬ 
eas and studying the neural events taking place in them. 
In fact, an increasing number of mental functions have 
been topics of recent neuroscience research. Neverthe¬ 
less, subjective components such as affect, volition and 
self-consciousness remain the most intriguing compo- 
nents for which related brain areas have not yet been 
cl^early defined and consequently the identification of an 
effective neuroscience approach is currently difficult. 


^ Raven Press. New 

2. Ito. M., Trends Neurosci., 1993.16, 448-450. 

^ J^°n Ts Cerebellum and Cognition (ed. Schmahman. 

J. u.), San Diego, Academic Press, 1997, pp. 475-487. 
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Pollinator management: An eco-friendly green 
revolution eludes India 


R. R. Savoor 


i c-ops can be increased considerably in areas where there is a 

t uLt n pollinators like domesticated bees to the crop when it is 

,n bloom. Thts practice has yielded excellent results and the technique is widely used in adTancZ 
countries to enhance production, particularly of self-sterile crop varieties- and significant in- 
vestment is made in research in evolving more efficient techniques as well as pollinators In India 

theZormofZenZ Commission on Agriculture was fully awartZf 

1 . ^ pollination and made a chain of very important recommendations 

instrument for 

mgner productivity. Unfortunately there was no follow up action and the unsatisfactory position 
of bee culture and crop productivity continue to afflict Indian agriculture ^ ^ 


The genesis of pollinator management 


Progress made in the US 


In 1892, the US Department of Agriculture received a 
complaint that 22,000 Bartlett pear trees in the State of 
Virginia failed to bear fruit. It sent a specialist who 
found there was an absence of natural pollinators in the 
area and bees were necessary for pollen transfer’. The 
introduction of bee hives brought about a total transfor¬ 
mation in fruit production, from a zero yield situation to 
one of optimum yield. This was perhaps the earliest 
demonstration of the enormous potential of bees to en¬ 
hance crop yields and establishing the honey bee as a 
powerful agent of crop productivity. Since then, great 
strides have been taken leading to harnessing bees for 
pollination in cross-polliiiated crops. 

‘Pollinator management’, ‘applied pollination’, 
managed pollination’ have now become common ex- 
pressions associated with enhancing productivity by 
bringing the pollinator to the target crop. Use of honey 
bees has yielded unprecedented levels of crop produc¬ 
tion in advanced countries. A honey bee colony - 
comprising, at peak strength, about 20,000 bees in a 
colony of Apis indica and 80,000 in that of Apis mellif- 
era - possessing a workaholic instinct, an uncanny abil¬ 
ity to locate accurately and forage on fields 30 to 35 km^ 
around the hive, versatility in working on a wide range 
of crops and each bee endowed with branched hairs that 
trap millions of pollen grains, constitutes a formidable 
pollinating force hardly matched by any other pollinator 
(Figure 1). 


R. R. Savoor is at A51, Defence Colony. Hastinapur 250 404, India. 
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About 60 years ago, it became clear in the US that pro¬ 
duction could increase considerably by careful manage¬ 
ment of pollination in many fruit, seed and nut crops. 
Size and quality of the crop improved with better polli¬ 
nator service. Besides, agricultural areas were coming 
under such intensive use that the natural habitats of pol¬ 
linators were being destroyed, resulting in scarcity of 
potential pollinators. The logical consequence was re¬ 
sorting to the use of bee colonies reared in boxes that 
could be moved to wherever the pollinator service was 
required . Today in the US, the criss-crossing of the 
country by ttucks transporting thousands of bee hives 
over long distances is a common feature. Beekeepers 
rent their hives against handsome payments, to the agri- 



cerana in a mustard field in Srinagar. (Courtesy: 
esearch and Training Institute, Pune). 
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hives rented annually places it at one million, with sev¬ 
eral of them moved over to a second crop in the year^. 
The value of crops resulting directly from bee pollina¬ 
tion is estimated to be about 8 billion dollars annually. 

The phenomenal advances achieved in the US owe 
their success to the infrastructure by way of research, 
extension, legal provisions and other assistance pro¬ 
vided by the Federal and State Governments and State 
Universities, who have several specialists in different 
branches of bee science on their faculty engaged in 
teaching, research and extension work in apiculture. The 
US Department of Agriculture recognized the need to 
increase the number of pollinators nearly 50 years ago 
and the Agricultural Research Service provided support 
to the beekeeping industry by establishing a number of 
bee research laboratories and other funded programmes. 
The Bee Biology and Systematics Laboratory, Logan, 
Utah was set up^ in the late 1940s to determine the effi¬ 
cacy of non-honey bee species as pollinators of targeted 
crops, as a result of which several bee species have been 
developed into commercially-managed pollinators of 
various crops. These bee varieties, popularly known as 
solitary bees, do not live in colonies but individually in 
hollow^twigs or other tubular cavities above or below 
ground . They include varieties like megachile, chali- 
codoma, xylocopa (also known as the carpenter bee). 
These are mostly oligotropic, visiting only a few related 
species of plants, but excellent pollinators of those 
plants. Notable case of such a solitary bee pollinator is 
the Megachile pugnata also called the sunflower leaf 
cutter bee, the pollinating efficiency of which is so high 
that less than a thousand of their number is adequate to 
pollinate a hectare^ of sunflower crop whereas 50 to 60 
times the number of honey bees would be required for 
the same purpose. 


Relevance of the technology to developing 
countries including India 

In the developing countries, the much vaunted green 
revolution that encouraged the practice of ‘food self 
sufficiency at any cost’ has wrought considerable envi¬ 
ronmental depredation. Increasing dependence on in¬ 
tensive practices, pesticides and other chemicals as also 
deforestation have had an adverse impact on the nesting 
and mating sites of natural pollinators. Extensive use of 
farm machines creating noise disturbance has driven 
them out of their natural habitats. Under these circum¬ 
stances, recourse to pollinator management has become 
imperative for obtaining optimum crop production. 
Some countries have increased productivity of certain 
crops through pollinator management practices by em- 
polying pollinators other than honey bees. The experi¬ 
ence of Malaysia presents a classic example. Despite the 
importance of oil palm, the means of its pollination was 
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elucidated as recenUy as 1979. The pollinator for this 
crop which has received the most attention is the weevil 
Elaeidobius kamerunicus. This weevil was introduced® 
after careful quarantine and study of its potential to be¬ 
come a pest of non-target crops, from its native habitat 
in West Africa into Malaysia in 1981. There it immedi¬ 
ately became established and spread rapidly throughout 
the plantations of the country, resulting in millions of 
dollars of profit to the industry. Today Malaysia is the 
global leader in both the production (58% of world out¬ 
put) and export (78% of total exports by exporting 
countries) of palm oif. 

This tool for enhancing production of cross-pollinated 
crops by almost exponential proportions, a virtual eco- 
friendly green revolution, seems to have eluded India In 
isolated cases like Kodagu (coffee), Mahabaleshwar 
(horticultural crops), Punjab and Haryana (oilseeds and 
vegetables), Kashmir and Himachal Pradesh (apples), 
this has been brought about, though adventitiously, by 
beekeepers in their attempt to maximize apiary yields, 
by migrating their hives to places around farms of cross- 
pollinated crops in bloom. The numbers, however, are 

far too small, even negligible, viewed from the national 
context. 


The Indian scenario 

In our country, recourse to pollinator management 
aimed at enhanced crop production is practically un¬ 
known. Not much attention has been devoted to bee¬ 
keeping as such. Even countries like Mexico, Argentina 
and China are far ahead of India in having much larger 
number of bee colonies and raising greater output of 
apiary products, enabling them to be established export¬ 
ers of such products for decades whereas our country 
does not feature on the export map^. 

Research activity in India on bees is in a state of 
neglect. The National Commission on Agriculture 
(1970-1976) recommended that every Agricultural 
University - at present there are 33 of them in the coun¬ 
try, including the deemed Universities - should develop 
a section on Apiculture under their Entomology Division 
for research, education and training. The implementa¬ 
tion of this recommendation would have sown seeds of 
accelerated apicultural development leading to agricul¬ 
tural prosperity, but that was not to be. Very few Uni¬ 
versities are engaged in bee research. As against a large 
number of scientists at the command of the US Depart¬ 
ment of Agriculture, the solitary expert under the Union 
Government is the Project Director of the All India Co¬ 
ordinated Project on Honey-bee Research and Training 
of the Indian Council of Agricultural Research and his 
seems to be a voice lost in the wilderness. The woeful 
situation is best summed up in his words: It is unbeliev¬ 
able but true the science of beekeeping starves of man- 
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power. There are just about two dozen scientists in the 
whole of India who are engaged in bee research. This 
negligible number is supposed to look after all branches 
of bee research such as management, biology, breeding, 
biochemistry, nutrition, bee pathology, bee toxicity, 
pollination, etc. There is no provision to keep these sci¬ 
entists committed to beekeeping and they move out after 
a brief stay in the field. 

Research in science provides a powerful engine for 
development. The turning around of the foodgrains 
situation from one of hopeless shortages and imports to 
that of self-sufficiency and surpluses is primarily the 
achievement of our scientists. The Government has 
made considerable investment in agricultural research. 
The Apex Institution, the Indian Council of Agricultural 
Research, has spread out to cover a large canvas of agri- 
cultuial disciplines. Under this Council, there are 4 
National Institutes and 41 Central Institutes of Research. 
Besides, the Central Government controls 4 National 
Bureaux, 10 Project Directorates and 30 National Re¬ 
search Centres, all dedicated to agricultural research. 
All these cover a vast array of subjects including various 
foodgrains, forestry, horticulture, fisheries, soils, dairy¬ 
ing, sheep, goats, buffaloes, and even uncommon ani¬ 
mals like camels, equines, yak, mithun, etc. The one 
notable omission is, however, bee science, despite its 
importance. Under the Council, there is, no doubt, an 
All India Coordinated Project on Honey-bee Research 
and Tmining which is one among 86 such projects. 
These projects are not full-fledged research entities like 
the Institutes. 

The only Research Institute in bee science in the 
country is the Central Bee Research and Training Insti¬ 
tute, Pune. Strangely this Institute is not under the Min¬ 
istry of Agriculture but under the Khadi and Village 
Industries Commission which has no science or research 
background or orientation. (Contrast nearly a dozen Bee 
Research Institutes directly under the US Department of 
Apiculture.) Considering the vastness of the country, 
widely varying climatic conditions, and diverse bee pol¬ 
linated crops grown over a third of the total area under 
crops in the country, there is need to establish at least 4 
to 5 research institutes with competent scientists. 

The master plan recommended by the National 
Commission on Agriculture 

The eminent cytogeneticist and bee scientist, late G. B. 
Deodikar had made a statement in the sixties that bee¬ 
keeping has the potential to raise resources equal to the 
revenues of the Indian Railways. He did not have in 
mind at the time, honey and other apiary products. The 
reference was to the benefits arising from bee activity on 
cross-pollinated crops. The National Commission, too, 
laid stress on the immense, hitherto untapped potential 


I Boxl. 

The role of bees as the sole providers of honey has been 
known for thousands of years. Nevertheless, the fact that 
in collecting nectar from flowers, bees bring about polli¬ 
nation which is essential for seed production was reaiized 
oniy in the 18th century, in modern times the Western 
countries have been expioiting this phenomenon for en¬ 
hancing the productivity of crops and farmers rent bee 
hives for keeping in their fields during fiowering of crops 
to ensure sufficient pollination. Raising bee hives for 
providing pollination services has become a profitable 
Industry there. The direct benefit from bee pollination in 
the US is estimated at an enormous 8 billion dollars an¬ 
nually. 

India with a wealth of bee-pollinated crops, including 
oilseeds and pulses grown over a third of the area under 
crops, can also reap comparable benefits but the practice 
of pollinator management, i.e. taking the pollinator 
(primarily bees) to crops in bloom for pollination is virtu¬ 
ally unknown in this country. The National Commission on 
Agriculture 0970-76) was conscious of this and made a 
chain of radical recommendations for spreading apiculture 
to every nook and corner of the country for raising 
nationwide productivity besides creating rural employ¬ 
ment. Sadly, the nation failed to take heed. As a result 
the country Is paying a heavy price. The benefit of thou¬ 
sands of crores of rupees worth of crops that could have 
been raised annually has been denied to our farmers and 
the country made to depend on import of oilseeds and 
pulses year after year. 


of bee pollination in the country. It set out a completely 
new direction to the pursuit of beekeeping which was 
being practised for securing higher apiary yields to bee¬ 
keepers. ‘The primary objective of modern apiculture 
should be to secure higher crop yields’, the Commission 
observed, ‘Honey and beeswax will come as a byprod¬ 
uct’ . It planned to use apiculture as an important in¬ 
strument to enhance substantially the yields of cross- 
pollinated crops like oilseeds, pulses, fruits, vegetables, 
legumes and certain commercial crops. On the basis of 
experiments conducted in the country and information 
collected from abroad, the Commission found that addi¬ 
tional yields attributable to bee pollination could be ob¬ 
tained in crops to the following extent: coffee - 
83%; onion-178%; mosambi - 750%; orange- 
900%; alfalfa - 19,733%; berseem - 33,150%; 
vetches - 20,000%; kidney beans - 600%; runner 
beans - 1,100%; apple - 6,950%; pear-6,014%; 
plum — 2,739%; litchi — 10,246%; grape — 6,700%; 
among oilseeds toria-220%; sarson - 222%; sun¬ 
flower - 3,400%. Similar experiments, separately con¬ 
ducted by the Central Bee Research Institute, Pune 
supported these findings'®. 

The observations and conclusions of the Commission 
acquire special significance in the case of oilseeds and 
pulses which are in short supply. It held that for enhanc- 
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ing productivity, especially of oilseeds, bee pollination 
was unavoidable. It observed: ‘In the case of crops 
which have varying degrees of self-sterility, any amount 
of fertilizers, irrigation or cultural care may not give 
even a fraction of their potential yields unless bees are 
provided during the flowering period. Examples of such 
crops are mustard, gingely, niger, safflower,...’ 

Among oilseed crops, the result of experiments single 
out the sunflower as one responding with abundant yield 
to bee pollination. The Indian Council of Agricultural 
Research too has made a special note of this phenome¬ 
non. This is attributable to the very large number of flo¬ 
rets -- even 2 to 3 thousand — on a single flowerhead and 
the high level of self-sterility of this crop, and therefore 
cross pollination by bees is essential for seed set. The 
conclusion that the high yield of this crop is ascribable 
to bee pollination not only in experimental plots but 
even in normal field conditions is corroborated by the 
experience of the State of Punjab which has the 
densest bee population among all the States and where 
the enterprising beekeepers, unlike elsewhere, 
migrate their colonies to sites around farms during the 
flowering period. The yield per hectare of this crop in 
Punjab is about 300% of the national average, a per¬ 
formance not equalled by any other crop, not even rice 
or wheat for the high productivity of which that State is 
reputed. 

The Commission drew up a highly ambitious plan to 
extend apiculture over the length and breadth of the 
country, pervading every village - each village growing 
crops was to have on an average ten bee hives - thereby 
ensuring bee activity on a nationwide scale. The under¬ 
lying principle evidently was that pollinators should be 
sited proximate to the target crops, practically dispens¬ 
ing with the need to move bee hives to the cropped areas 
as is the practice in the West where beekeepers and ag¬ 
riculturists constitute two distinct and different but mu- 
tually-dependent entities. This pollinator-at-site concept 
IS now being tried out in the USA under the name of 
designer pollinators’ by resorting to the use of solitary 
bees for pollination since such a system would reduce 
dependence on the massive movements of bee hives^ 
The Commission thus laid the foundation for a pollina¬ 
tion revolution designed to enhance, in one big leap, the 
productivity of a very wide range of crops by significant 
margins. It aimed at a multifaceted rural development, 
creating of far-reaching rural employment and self em¬ 
ployment, providing additional source of income to the 
rural poor - especially to the small and marginal farm¬ 
ers - apart from increasing farm output. 

The salient features of the strategy spelt out by the 
Commission involved increasing the number of bee 
hives of which there were only 0.5 million at that time, 
by 6 million in 24 years (1976-2000); enabling 
achievement of this target by establishing a network of 
5 queen bee multiplication stations so that each sta¬ 
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tion would serve 5,000 villages; ensuring that each such 
station would raise 2,000 queens in a year so as to meet 
the sub-target of 0.25 million hives every year; estab¬ 
lishing 3,000 honey houses for testing, processing, 
packing and storing the resultant huge quantities of 
honey estimated at 60,000 tonnes per year; and market¬ 
ing the product through 30,000 markets (by the year 
2000) recommended, at an average of ten markets per 
taluk. In other words it was a comprehensive and com¬ 
plete master plan for substantially raising nationwide 
agricultural productivity. 

Unfortunately, not one of these vital recommendations 
has been implemented for the last 21 years'. The number 
of bee hives in the country is just about a million. Even 
assuming, on a conservative basis, that only one fourth 
of the percentage yield increases noted by the Commis¬ 
sion were to be realized, and these too limited to the 
three crops, viz. mustard, safflower and sunflower, 
the annual edible oilseed production today would have 
been 37 million tonnes, about 66% over the current level 
and valued at nearly 14,000 crores of rupees a year, cal¬ 
culated at the support prices of these crops for the 
1996-97 crop season. By now India could have emerged 

as the world’s major, if not leading, exporter of edible 
oils. 


The National Beekeeping Development Board 

In 1993, the Government constituted a 14-meiTiber 
National Beekeeping Development Board with the Sec¬ 
retary Agriculture as Chairman. It drew up a six point 
programme Development of beekeeping for improving 
crop productivity’ to be implemented in 3 years (1994- 
97), with an outlay of Rs 18.87 crores. The components 
of the scheme were: promotion of research and devel¬ 
opment; production of bee colonies (0.45 million to be 
raised by March 1997); development of infrastructure 
for handling and marketing honey kits products; train- 

promotion; and planning for long term develop¬ 
ment. In 1995 three working groups were set up for 
research and development; processing and marketing; 
and production of bee colonies. Plans drawn up seem to 
be still on the drawing board. The targeted 0.45 million 
colonies have defied attainment. 

The Board however, deviated from the basic approach 
advocated by the National Commission. The securing of 
higher crop yields was not the primary objective but a 
byproduct of the pursuit of apiculture for obtaining 
higher returns from apiaries. Crop productivity did not 
feature as a specific component of the scheme nor was a 
working group set up on the subject. Clear targets were 
not defined for the extent of productivity to be achieved. 
Consequently it is difficult to conclude that the scheme 
has succeeded in its objective of improving crop pro¬ 
ductivity. 
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Impact on the agricultural economy 


India which extends over the tropical and sub-tropical 
agro climatic regions and is bestowed with a rich and 
wide variety of cross pollinated crops grown over 50 
million hectares can raise the production of these crops 
to yield additional benefits comparable to what is de¬ 
rived by the USA. The National Commission had given 
a detailed comprehensive blueprint designed to achieve 
this objective toward the turn of this century. It is ap¬ 
palling that the far-reaching recommendations of this 
high level Commission comprising the country’s leading 
agricultural scientists, economists and administrators 
have been treated with disdain. Naturally the country 
had to pay a heavy price. The worst affected are the 
farmers who stand deprived of benefits worth thousands 
of crores of rupees annually - surpassing by far the total 
subsidies handed out to them over the years - which the 
timely implementation of the recommendations of the 
Commission would have brought them. The country 
could also have saved large amounts spent year after 
year on edible oil imports. 

Multibillion dollar questions seek answers 

In the twenties, Mahatma Gandhi in his advocacy of 
rural republics comprising self-governing self-contained 
villages pioneered the adoption of beekeeping as a vil¬ 
lage industry. Consequently the early beekeepers were 
his followers who systematically nurtured and kept alive 
this activity and spread it in the rural areas. Historically 
this is the reason why the subject was allotted to the 
Khadi and Village Industries Commission. However, 
that body could not cope with the pace with which the 
science was progressing elsewhere nor with the shift in 
the objective of apiculture from obtaining higher apiary 
yields to its utilization as an effective tool for enhanced 
crop production. With the subject coming under close 
scrutiny of the Agricultural Commission and its find¬ 
ings, it was expected that the profile of apiculture would 
undergo a radical change and the country’s agriculture 
would receive a vigorous boost. 


What are the causes of ignoring the Commission’s 
vital recommendations? Bureaucracy overruling special¬ 
ists on technical matters? Absence of the latter at deci- 
sion-making levels? Or are we completely oblivious to 
the multibillion dollar benefits other countries are reap- 
ing through pollinator management? No agricultural 
strategy for increased productivity, much less an envi¬ 
ronment compatible one, can render such high yields in 
so short a time with as little investment as applied api¬ 
culture. Even now can the Commission’s recommenda¬ 
tions be retrieved and implemented for the sake of rural 
prosperity? Will apiculture, the Cinderella among agri¬ 
cultural sciences in India, forsaken and neglected so far, 
ever be rescued and given an opportunity to play her 
legitimate role in contributing to the nation’s agricul- 
tuial wealth? Can the country look forward to a future 
when the enormous untapped potential of bee pollina¬ 
tion is exploited to raise crop production to unprece¬ 
dented heights? Time alone has the answers. 
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Fluorescence in situ hybridization in genome, 
chromosome and gene identification in plants 
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The molecular cytogenetic technique of fluorescence 
in situ hybridization now permits detection of nucleic 
acid sequences at cytological level from 1 kb to whole 
genome. Availability of multicolour detection systems 
and possible reprobing of the same microscopic prepa¬ 
ration further facilitate simultaneous detection of sev¬ 
eral sequences and their linear ordering. The ability to 
detect nucleic acids in situ enables: (i) construction of 
physical maps of the chromosomes, (ii) elucidation of 
structure, function, origin and evolution of chromo¬ 
somes, (in) paint chromatin of different genomic 
origin, (iv) analysis of genome organization and 
evolution in polyploids, (v) comparative and sub- 
chromosomal mapping, intrachromosomal rear- 
rangements and alien chromosome translocations, 
(vi) mtergenomic pairing, (vii) localization of trans¬ 
formation/other prospective sequences. Fundamental 
biological questions are answered using this ap¬ 
proach and the method is in use in diagnostic cytoge¬ 
netics and plant breeding programmes. This will 
increasingly address important biological problems 
and provide new leads and unforeseeable applica¬ 
tions. The phenomenal progress made in this respect 
IS discussed drawing examples from literature as well 
the author’s own observations. 


In situ hybridization (ISH) techniques developed more 
than^a quarter century ago independently by Pardue and 
Gall and John et al} allowed detection of specific nu¬ 
cleic acid sequences directly on morphologically- 
preserved chromosomes, At that time, radioisotopes 
were the only labels available for nucleic acids and au¬ 
toradiography the only means of detecting hybridized 
sequences. Since molecular cloning was not possible in 
those days, the applicability of in situ hybridization was 
restricted to only those sequences that could be purified 
""iv. conventional methods (e.g. mouse sat¬ 

ellite DNA, Viral DNA, ribosomal RNAs). Subsequent 
evelopments in molecular cloning of nucleic acids and 
improvements in radiolabelling techniques dramatically 
enhanced the efficiency of ISH techniques by enabling 
e etection of even few hundred base pair length DNA 
sequences over chromosome spreads. 

In spite of high sensitivity and vast applicability of 
radioactive in situ hybridization, its use could not be so 
wide on account of certain technical problems and safety 
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implications. The main disadvantages of the isotopic 
ISH are the limited spatial resolution, extensive time 
required for autoradiography, limited shelf life and safety 
measures required in handling the radioisotopes. However, 
the modification of nucleic acid probes with a stable 
nonradioactive label has helped to overcome the major 
obstacles that hinder the general applicability of in situ 
hybridization. Initially, nonradioactive ISH techniques 
were applied for detection of repetitive sequences or am¬ 
plified sequences in polytene chromosomes only^’'*. In 
plants, this technique was first introduced by Rayburn and 
Gilr. 

The great potential of DNA : DNA in situ hybridiza¬ 
tion arises from its unique ability to combine cytological 
information about chromosomes and nuclear morphol¬ 
ogy with molecular information about DNA sequence 
structure. In situ hybridization provides a ‘global’ view 
of genome organization and is a powerful tool for physi¬ 
cal mapping of numbers and locations of sequences, and 
IS particularly valuable for identifying the sites of highly 
repetitive genes that are difficult to map by other meth¬ 
ods. The use of interphase nuclei as hybridization tar¬ 
gets for the examination of chromosome aneuploidy or 
rearrangement bypasses the need for a dividing cell 
population and enables screening of large number and 
variety of cells in tissues and differentiating organs. 
Availability of multicolour fluorescent detection systems 
and reprobing of microscopic preparations have further 
facilitated simultaneous detection of several sequences 
and their linear ordering in situ through fluorescence in 
hybridization (FISH). The multiple possibilities to 
conjugate antibodies to sensitive detection systems, and 
digital image processing technology further enhance the 
capability of this method in relating microscopic topog¬ 
raphical information to gene activity at the DNA, mRNA 
and protein level. This article is intended to comprehend 
the scope and importance of fluorescence-based detec- 
Uon of DNA : DNA in situ hybridization in understand¬ 
ing the genome architecture referring representative 
examples, mainly from plants. 


Basic technique of FISH 

The basic principle underlying the in situ hybridization 
techniques is essentially the same as that of Southern 
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hybridization, except that specially preserved chromo¬ 
some spreads/cytological preparations are used in the 
foimer unlike the DNA strands attached to solid support 
membiane in the latter. Accordingly, the experimental 
protocol involves precise modifications. DNA sequences 
are first labelled to produce the probe. Target chromo¬ 
some spreads (treated to denature DNA to a single- 
stranded condition) are bathed with a solution of small 
single-stranded pieces of known probe DNA. Comple¬ 
mentary sequences in the probe and target are then 
allowed to re-anneal. Related sequences anneal prefer¬ 
entially, so probe DNA hinds selectively at related cyto- 
logical sites. After washing and incubation in 
flubrescently-labelled reporter molecules, a discrete 
fluorescent signal is visible at the site(s) of probe hy¬ 
bridization which can be detected using fluorescence 
microscopy. 

Two types of fluorescent in situ hybridization detec¬ 
tion methods are in use, i.e. direct and indirect. In the 
direct method, the detectable molecule (reporter) is 
bound directly to the nucleic acid probe so the hybridi¬ 
zation sites could be microscopically visualized imme¬ 
diately. In the indirect method, the probe is labelled 
with a reporter molecule that is rendered detectable only 
after immunocytochemical localization. The former is 
good enough for gross DNA hybridization, whereas the 
latter should be attempted where higher resolution and 
more precision is required. 

Three kinds of signal generating systems, viz. (i) en¬ 
zymes, (ii) metals, and (iii) fluorochromes, enable 
visualization of probe hybridization sites. They may be 
conjugated to the antibodies for immunocytochemical 
localization in situ. The enzymatic colour detection 
systems (e.g. alkaline phosphatase, horseradish peroxi¬ 
dase) that produce signal on account of catalysing 
the .production of a visible product at the hybridization 
site, are preferred owing to the longer stability of the 
signal and its suitability for light microscopic examina¬ 
tion. The metallic reporter systems (e.g. colloidal gold 
conjugated avidin/antibodies) provide feasibility 
for electron microscopic observation due to availability 
of variable size of gold particles .deposited at the 
probe hybridization sites. The fluorochrome detection 
systems (fluorescein conjugated antibodies/avidin) 
involve observation under epifluorescence microscope. 
This system offers several advantages over the 
enzymatic and metal detection, the most important 
among them being the possibility of simultaneous de¬ 
tection of several sequences via multicolour FISH, as 
well as feasibility of subsequent utilization of 
microscopic preparations for reprobing and/or banding 
analysis. 

One of the important modifications of the FISH tech¬ 
nique is genomic in situ hybridization (GISH), wherein 
the total DNA from the genome of one parent of a 
polyploid species or a hybrid is labelled as a probe. 
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Here, to check nonspecific hybridization, the DNA of 
the target species is also added to the probe mix as a 
self-blocking DNA*^. 

To familiarize the readers with various steps involved, 
a brief outline of the experimental protocol in the form 
of a flow chart is given in Figure 1. This is mainly based 
on personal experience with plant systems. However, 
those interested in actual experimentation may be ad¬ 
vised to consult the detailed protocol^'® and also the 
guidelines provided by various companies such as Hy- 
baid, Boehringer Mannheim, Sigma using their instru¬ 
ments, kits and chemicals. 


Analysing genome architecture through FISH 

The type of material that can now be used readily as 
hybridization probe has expanded rapidly, ranging from 
small sequences of genomic DNA or cDNA through 
whole chromosome ‘paints’ to the whole genomes used in 
comparative hybridization*®. Paints are now commercially 
available for all human chromosomes, as are probes for 
most centromeres, some telomeres and a range of specific 
loci . Probes used for in situ hybridization enable chromo¬ 
some identification, and the organization of probe hy¬ 
bridization sites can provide indicators of recent and 
evolutionary rearrangements in the genome. 

Genetic maps are now available for almost all the im¬ 
portant crop species. We can now use these maps for 
marker-assisted selection in plant breeding programmes, 
for targeted gene cloning, and also to assist fundamental 
investigations of plant genome architecture. Many genes 
are similar in most plants and it is clear that the ordering 
of genes is highly conserved across wide taxonomic 
groupings*^ *“*. It may be worthwhile to mention here 
that the genome of wheat is 25-fold that of rice, but the 
linear order of markers is essentially the same in the 
homologous linkage groups in the two species'^. I have 
attempted to examine this molecular information at the 
chromosomal level by hybridizing genomic DNA of rice 
onto the chromosomes of wheat only to indicate that 
there are gross similarities in the genome of the two 
species (Figure 2a,b). Such data is extremely useful in 
deciphering affinities in closely-related or widely differ¬ 
ent species. Despite such similarities in the genes, plant 
genomes vary greatly in their size and sequence com¬ 
plexity of DNA. Therefore, besides whole genome iden¬ 
tification in multigenomic complexes, the specific 
probes used for in situ hybridization can help enable 
chromosome identification, and the organization of 
probe hybridization sites can provide indicators of re¬ 
cent and evolutionary rearrangements in the genome, 
gene expression, understanding chromosome behaviour 
and meiosis, to facilitate gene transfer and plant breed¬ 
ing. Some of the prospective aspects are succinctly 
highlighted. 
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Figure 1. Flow diagram for fluorescence in situ hybridization. 


Genomic in situ hybridization 

The use of total genomic DNA as a probe for in 
hybridization shows the extensive differences in 
genomes of related species. Originally developed i 
animal hybrid cell lines e.g. human-hamster'^, GISI 

f r/p 1987 by M. D. Bennett 

^b.(Pat) Heslop-Harrison and improved subsequent 
This technique has the potential to identify the w 
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genome and genome fragments in an alien background, 
and thus could be exploited in multifarious ways as 
mentioned below: 

Identification of genomes in hybrids. Although inter¬ 
specific/intergeneric hybrids are quite common in wild 
angiosperms, many others are made for biosystematic, 
horticultural or plant breeding purposes. Interspecific 
and intergeneric hybrids are important to analyse be- 
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chromosomes of wheat hybridized w^Ih'totaTgenomifDN^ DAPltounTefstained co^^ probes a-b. Metaphase 

dpT,„ (g„e„ ,h» digc“s?Z SKST’lfP™"' 

and rye specific probe pSclOO (red fluorescence- the u <^igoxigenin conjugated fluorescein FITC), 

Cy3); d. Physical localization of rRNA multigene families (18S-5 8S 2SS rRNAi conjugated fluorescein 

lated rDNA probe pTa7I (red fluorescence); /LocaSon of low opy Rpfp p^ e fZTnlZ'tr. 

somes of barley, note green fluorescing (anti-digoxigenin conjugated nuorescefn HTcrhvhri^^Tt—^^ 

ends;/, Simultaneous detection and linear order of two cnnticrim.,c f*- PlTC) hybridization signals at the telomeric 

biotin labelled pSc200 (detected by avidin conjugated Cv3 - red fluoresiencpr'^'^H"H-^^ probes used were 

anti-digoxigenin conjugated HTC-green fluorescence);Vj. Eluddation of precise fSrn"Qf'‘^®''t'’trl‘'^f-^ (detected by 
through improved resolution at pachytene; g-h. Somatic chromosome 5 of rve 'l nAPr , ! Z *’>''^‘'“*‘^ation signals 

ing pSc200 hybridization sites-^he long arm of thi“omosor^e^how^T 
I, Chromosome painting of rye arm 5RL in a pachytene preparation of wheaUine h^lne'^sTs/SRrt 
genomic DNA probe (rhodamine labelled - red fluorescLce); y, DetLtion of the tZ /srPPrt ^vh “h °p 
digoxigenin FITC binding sites-yellow fluorescence) on painted 5RL- "hVdecondenseTlon. f w hybridization sites (anti- 
somes facilitate higher resolution with respect to signal inteLitv and soatiil lncMi,1? ^ pachytene chromo- 

bridization sites are infact subterminal as visualized on 1 ‘'y- 

appears to be terminally localized. pachytene chromosome compared to metaphase where the distal site 
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cause they are produced as a first step in a plant breed¬ 
ing programme aimed at interspecific and intergeneric 
chromosome transfer; hybrids are also used extensively 
for genome analysis by meiotic pairing analysis. Al¬ 
though metaphase analysis can help distinguish chromo¬ 
somes from the two parents in the hybrids where 
chromosomes are morphologically distinct, in most 
cases, owing to lack of karyomorphological markers, it 
becomes impossible to distinguish parental genomes. 
Schwarzacher et were the first to demonstrate the ap¬ 
plicability of GISH in identification of parental genomes in 
an interspecific hybrid between Hordeum chilense and Se- 
cale africanum. Since then this technique has been exten¬ 
sively utilized in several systems to elucidate genome 
identification, their orientation and spatial localization in 
interphase domains^. Multicolour in situ hybridization 
has been used to distinguish three genomes in hexaploid 
wheat^®, and three genome hybrids between wheat 
grasses^^ To perform the hybridization, the total 
genomic DNA of one parent (two in case of tri-hybrids 
with different fluorochrome labels) is used as a probe to 
discriminate the genomes from each other. 

Determination of ancestry. GISH is also a very effective 
tool in elucidating ancestry of hybrids and polyploids. In 
essence, the analysis involves hybridization of labelled 
genomic DNA from suggested ancestors or relatives to 
chromosome spreads from the species under investiga¬ 
tion. Hybridization strength, uniformity, and the pres¬ 
ence of positive or negative bands are then assessed to 
indicate relationships. One of the most convincing cases 
is provided by the identification of ancestral genomes in 
the two 17th century common garden cultivars of Cro¬ 
cus, cv. Stellaris (2n = 2x= 10) and cv. Golden yellow 
(2n = 3x= 14). GISH performed on these cultivars using 
differentially-labelled genomic probes from the two 
species, C. flavus (2n = 8) and C angustifolius 
(2n = 12), clearly established that interspecific hybridi¬ 
zation between them has contributed to the development 
of said Crocus cultivars^^. GISH has been used to test 
the hypothesis about the phytogeny of Milium montia- 
num, a tetraploid grass. Karyotype analysis led to the 
proposal that M. vernale could be one of the two diploid 
ancestors, but attempts to confirm this by meiotic 
analysis were unsuccessful because sexual hybrids be¬ 
tween M. montianum and M. vernale could not be made. 
In situ hybridization of M. vernale DNA probe onto 
chromosome spreads of the tetraploid species labelled 
the eight larger chromosomes strongly, leaving the 
smaller chromosomes virtually unlabelled. These results 
confirmed the allopolyploid nature of M, montianum 
and strongly indicated that M. vernale, or a close rela¬ 
tive, donated one of the genomes^^ 

Monitoring of alien chromatin/translocations/ 
intergenomic pairing. Introgression of alien chromo¬ 
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some segments containing useful genes into crop plants 
through wide hybridization is a valuable method for 
plant breeding. One of the most notable examples in this 
respect is the incorporation of short arm of rye chromo¬ 
some IR carrying several disease-resistant genes into 
many high yielding wheat cultivars^^. Also, the inter¬ 
genomic translocations are commonly encountered in 
natural allopolyploids/intergeneric somatic hybrids. 
Whereas, monitoring of alien chromatin during intro¬ 
gression is critical for a successful gene transfer, the 
knowledge of intergenomic translocation is equally im¬ 
portant to understand the genesis of intergenomic varia¬ 
tion. GISH has been found to be the most efficient and 
accurate technique to allocate the breakpoints and esti¬ 
mate the amount of alien chromatin of the translocation 
chromosomes in such cases (Figure 2 c). 

The ability of chromosomes to pair at meiosis is 
widely used to establish genomic relationships between 
species. GISH allows painting of chromosomes at 
meiosis and the determination of the genomic origin of 
paired and unpaired chromosome axis. In the hybrid 
between the hexaploid species Hordeum procerum and 
tetraploid Leymus racemosus, some pairing was ob¬ 
served between chromosome segments of H. procerum 
origin, segments of L. racemosus origin, and between H. 
procerum and L. racemosus segments at pachytene. 
However, at metaphase I, univalents and bivalents of 
single parental origin were found, while no Hordeum- 
Leymus bivalents were present^l Such data indicate that 
GISH can be of immense use in understanding the inter¬ 
genomic homologies as well as in elucidating the possi¬ 
ble transfer of chromosome segments through 
intergenomic recombination. 

Chromosome painting and diagnostic cytogenetics. 
Whole chromosome or region-specific paints can be 
produced by interspersed repetitive elements. Progress 
made with the techniques of whole chromosome isola¬ 
tion or microdissection of specific chromosomes has 
enabled the generation of chromosome-specific librar¬ 
ies. Unique sequences from such libraries could be used 
as probe to paint specific chromosome or chromosome 
segments. Such chromosome-specific probes are now 
commercially available for all human chromosomes^^ 
that can be used in prenatal and diagnostic cytogenetics 
to detect possible numerical and/or structural changes, 
and also to understand mechanism of chromosome aber¬ 
rations. 

Elucidation of species relationships through cross hy¬ 
bridization of probe. In situ hybridization of genomic 
DNA to related species gives information about the 
similarities of the DNA of the two different species 
(Figure 2a,b). Such hybridization also provides infor¬ 
mation about the physical distribution of sequences that 
are common or different between the two species and 
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the species that served as the probe source. An inte¬ 
grated account of such data can be used to support and 
develop theories about phylogenies, hybridization, and 
diversification of plant species. In general, the closer 
two species are to each other, the greater the degree of 
cross hybridization^^ It may be worthwhile to cite an 
example of Gibasis where genomic divergence has been 
investigated using genomic in situ hybridization^^. De¬ 
spite the similarity of the karyotypes and close taxo¬ 
nomic affinity of G. karwinksyana and G. consobrina, 
probing with genomic DNA distinguished the chromo¬ 
somes, and only the region proximal to each nucleolus 
organizer was strongly conserved between the two 
chromosome sets. On the other hand the studies per¬ 
formed on AvencP'"^ reveal that there are no apparent dif¬ 
ferences in the A and B genomes of this species as 
thought earlier, and suggested for their clubbing to¬ 
gether as A and A' 

FISH and physical mapping 
Repetitive DNA sequences 

The bulk of differences in the large genomes consist of 
repetitive DNA sequences, and even in the smaller 
genomes, almost half of the DNA is repetitive. The 
length of repetitive sequences may vary from simple 
sequence repeats of dinucleotides, through tri-, tetra- 
and hexa-nucleotides, to nucleosome repeats of about 
180 base pairs, up to 10,000 or more base pairs, e.g. 
18S-5.8S-25S rRNA gene families. While a few highly 
repetitive sequences have important functions - the te- 
lomeric repeat and rDNA in particular - most have no 
known role. Nevertheless, the distribution of these se¬ 
quences may be chromosome/species specific and such 
sequence may show variation at the sequence or copy 
number levels between and sometimes even within spe¬ 
cies. Repetitive sequences can also be classified by their 
genomic locations: many are tandemly repeated in 
blocks of many copies, but some are dispersed through¬ 
out the genome^^ The following is a brief account of 
various classes of repetitive DNA sequences that have 
value in chromosome and genome identification through 
FISH administration. 

rRNA genes. The physical distribution of the highly con¬ 
served 5S and 18S-5.8S-25S rRNA gene loci on the 
chromosomes are useful markers to examine genome 
evolution, and have been extensively examined in sev¬ 
eral species (Figure 2d). Within the Triticeae, the 18S- 
25S and 5S rDNA sequences show different rearrange¬ 
ments and deletions in barley, rye, wheat and their wild 
relatives, enabling detection of genomic rearrange¬ 
ments^^. Also, polymorphism in 18S-25S rDNA 
site numbers between different accessions of cowpea 
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and its wild relatives has been observed^^, suggesting 
their value as chromosome markers in breeding pro¬ 
grammes. 

Tandem repeats. There may be certain characteristic 
DNA families comprising of tandemly-repetitive se¬ 
quences that may be genus specific or even unique to a 
particular species. The physical distribution of such 
families vis-a-vis their location and copy number may 
help in differentiation of various linkage groups of the 
chromosome complement. The distribution of tandemly- 
repeated sequences, such as the DNA sequence pSc 
119.2 (ref. 27) isolated from rye produces specific and 
distinct banding pattern thus facilitating identification of 
all the seven chromosome pairs. Using such probes in 
combination with any other target probe(s), one can 
easily ascertain not only the physical distribution of tar¬ 
get sequences but even the relative linear distribution 
with respect to each other (Figure If). The different 
probes may be labelled with different fluorochromes to 
obtain multicolour in situ hybridization signals. Further, 
the same chromosome preparations can be reprobed with 
other sequences that would facilitate a reconstruction of 
physical distribution map for the various DNA probes 
used. Likewise, various combinations can be applied to 
decipher linear distribution of other repetitive se- 
quences/genes. 

Telomeric sequences. (GGGATTT)n is a characteristic 
repeat that is added to the end points of chromosomes 
(i.e. telomeric repeats). Physical mapping of such syn¬ 
thetic sequences to different plant species reveals that 
such sequences are largely localized at the telomeres (in 
rye), near some centromeres and telomeres in Arabi- 
dopsis thaliana, or with major intercalary sites in the 
middle of chromosome arms, and minor sites at te¬ 
lomeres in pines^^, 

B chromosome specific repeats. Highly repetitive B 
chromosome specific sequences have been isolated from 
carrier plants in certain species such as Secale cereale^^ 
and Brachycome dichromosomatica^^'^^, that have been 
variously employed in FISH-based investigations to un¬ 
derstand the molecular organization of B chromosomes, 
their spatial arrangement during interphase^^ and can be 
utilized to elucidate structure and behaviour of A chro¬ 
mosomes in A-B translocation/B addition lines. 

Centromeric sequences. Many plants have clusters of 
highly-repetitive sequences at or near their centromeres. 
Two different repetitive sequences, approximately the 
length of one nucleosome, have been characterized in 
the tetraploid species Brassica napus and its diploid 
ancestral species B. campestris and B. oleracea^'^. Such 
sequences could be used as the important chromosome 

131 


REVIEW ARTICLE 


markers and also to understand the pattern of change 
during speciation. 

Microsatellites. Microsatellites, consisting of tandem 
repeats of dinucleotide to tetranucleotide motifs, are 
ubiquitous in plant genomes that can be directly used 
as probes^^. Since microsatellite arrays exhibit length 
variation whereas their flanking sequences are 
conserved, somatically stable and inherited in co¬ 
dominant Mendelian manner but are highly polymor¬ 
phic , they can be used as reliable physical markers in 
chromosome identification and assessment of genetic 
variability. 

Mapping of low/single copy sequences 

A great effort was made in several laboratories to im¬ 
prove the sensitivity of FISH technique over the last few 
years, as a result of which it has been made possible to 
detect cosmid clones and cloned genes of the size from 
several kb to less than 1 kb in the case of human^'*’^^. In 
plants, the reports of detection of low- or single-copy 
sequences include a 17-kb T-DNA in Crepis capil- 
laris , a 13.5-kb legumin gene in pea^’, ct-amylase^® 
and B-hordein^® gene clusters, about 5-10 kb each of 
barley. There are also reports of mapping of DNA se¬ 
quences as small as 0.7 kb (ref. 40), but a low frequency 
and weak intensity of FISH signals raise doubts about 
the reliability of such data. The present author in asso¬ 
ciation with Drs Trade Schwarzacher and J. S. Heslop- 
Harrison (unpublished) was able to locate the hybridi¬ 
zation sites of a 0.2 kb RFLP probe xprllS of wheat 
onto barley, chromosomes (Figure 2 e) 

Concluding remarks 


The order of two DNA probes separated by more than 
1 mb can be determined on metaphase chromosomes by 
FISH in humans'*’ because a lesser distance between the 
two hybridization sites results into a single spot. Of 
course, availability of free linearly-extended DNA from 
G1 nuclei facilitates increased resolution of FISH inter¬ 
phase mapping in the 50-500 kb range'^’^. In plants, the 
situation is more difficult on account of a higher order 
of metaphase chromosome condensation compared to 
human metaphase chromosomes. This makes the detec¬ 
tion of low copy sequences by FISH more difficult in 
plants. However, the problem could be overcome to a 
certain extent by targeting the interphase chromosomes 
where closely-associated sequences remain farther on 
account of decondensed nature of interphase chroma¬ 
tin . Also, pachytene nuclei can serve as another means 
to facilitate increased resolution of in situ hybridization 
(Figure 2g-j). Annealing of the oligonucleotide primer 
to chromosomal DNA followed by labelling and in situ 


extension (primed in situ labelling, PRINS) is an alter¬ 
native sensitive approach that bears prospects for local- 
ization of low copy sequences"^^’"^^. 

With the developments in highly specific and brightly 
fluorescing detection molecules and the application of 
amplification methods, together with electron capturing 
techniques, it can be expected that the sites of hybridi¬ 
zation of short synthetic oligomers or arbitrary se¬ 
quences 12 to 20 base pairs long will be detected 
reliably in the next few years, both in plants and ani¬ 
mals , In situ detection of unique or low copy se¬ 
quences could serve as a rapid means of following the 
fate of specific chromatin fragments during the evolu- 
don of related species or breeding programmes. Reprob¬ 
ing of same chromosome preparations with other 
sequences of interest can facilitate reconstruction of 
spatial cytological DNA map. Studies on genome or¬ 
ganization would be aided by the ability to determine 
the relative physical location of sequences along chro¬ 
mosome arms. Such developments would have far- 
reaching consequences in providing valuable data relat¬ 
ing to linear order and physical differentiation of 
closely-linked genes, establishing relationships between 
physical and genetic distances, as also in deciphering 
their spatial localization in the interphase architecture. 

In essence, the cytological localization of DNA se¬ 
quences originating from any source including viral/ 
bacterial/oncogenes with a sequence size ranging from 
1 kb to whole genome can now be probed onto sectioned 
tissues through all stages of cell division cycle including 
SC spreads to address questions pertaining to distribu¬ 
tion and arrangement of target sequences. 
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In Bangladesh, arsenic in groundwater above 
0.05 mg/1, the maximum permissible limit laid down 
by WHO, was found in 41 out of 64 districts. People 
suffering from arsenicosis have been identified in 20 
districts out of the 21 districts we have surveyed so 
far. To know the magnitude of the calamity, it was 
necessary to survey thousands of villages in the 41 
districts. To get an idea about the situation, we sur¬ 
veyed in detail one village, ‘Samta’, in Jessore dis¬ 
trict, having a population of 4841. All the tubewells 
in the village were analysed for arsenic. A few hun¬ 
dred haic, nail and urine samples were analysed as 
well to know the arsenic burden on the population. 
Furthermore, 600 people were examined for arseni¬ 
cal dermatosis. We have attempted a statistical in¬ 
terpretation of the data. 


We had reported earlier the magnitude of arsenic con¬ 
tamination of groundwater in Bangladesh^ and West 
Bengal and the resultant suffering of the people. Our 
preliminary survey report pertaining to Bangladesh, up 
to October 1997, is as follows. 

So far we have analysed 6101 water samples from 60 
out of the total 64 districts of Bangladesh. The four dis¬ 
tricts that have not been surveyed are: Khagrachari, 
Rangamati, Banderban and Cox’s Bazar. In 52 districts 
we found arsenic in groundwater to be above the WHO 
recommended value of arsenic in drinking water 
(0.01 mg/1)^^ Out of the 695 water samples analysed 
from 11 districts, 84% of the samples had arsenic conce- 
tration below 0.01 mg/1 and arsenic in the other 16% 
was within the range 0.01-0,05 mg/1. In 41 districts, 
arsenic was above the WHO maximum permissible limit 
in drinking water (0.05 mg/1). Out of the 5078 water 
samples analysed in 41 districts, 45% contained above 
0.05 mgd of arsenic. The area and population of these 
41 distiicts is 89,186 sq km and 76.9 million respec¬ 
tively. This does not indicate that the area and popula¬ 
tion of these 41 districts are affected, but no doubt they 
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are at risk. The groundwater of the eight districts of 
Panchagarh, Thakurgaon, Nilphamari, Dinajpur, 
Gaibanda, Naogaon, Moulabi Bazar, Patuakhali was 
found safe with respect to the WHO recommended value 
(0.01 mg/1). 

A preliminary survey was made of arsenic patients in 
only 54 villages in 21 districts where high concentra¬ 
tions of arsenic were present in the groundwater. Fur¬ 
ther, we identified arsenic patients in 52 villages in 20 
districts. Thus, out of the 2155 people we surveyed in 
the affected villages, 57% showed arsenical skin lesions. 
The reason for such a high percentage is that our survey 
was carried out in highly arsenic-contaminated villages, 
However, to get a more realistic picture an extensive 
survey is necessary. 

To survey all the 41 districts, hence thousands of vil¬ 
lages, is a huge task. To obviate this, we chose a single 
village and made a somewhat detailed study to get an 
idea about the magnitude of the problem. Hopefully by 
extrapolating these results, we may get further insights 
into the extent of the calamity. Thus, in this paper we 
leport the findings of our study on the arsenic contami¬ 
nation of Samta village, Jessore district. We have re¬ 
ported the analytical results of all the tubewell water of 
this village. A few hundred urine, hair and nail samples 
comprising four categories of population, i.e. adults with 
and without skin lesions; and children with and without 
skin lesion are reported. Attempts are made to find sta¬ 
tistical correlations among arsenic in water and arsenic 
in hair, nails and urine. The dermatological symptoms 
manifested by 600 people examined are also reported. 
An attempt is also made to find a correlation between 
arsenic in groundwater and the abundance of arsenical 
skin lesions; both in adults and children. 

The Samta village is situated on the eastern part of the 
river Bhagirathi in Jessore district, Bangladesh, just ad¬ 
jacent to Haridaspur of the North 24-Parganas district in 
neighbouring West Bengal, India. Figure 1 shows our 
recent findings of arsenic-affected districts of Bangla- 
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Table 1. Distribution of tubewells against the arsenic range in four areas of Samta village 


Total Total no. of No. of tubewell 
Zone (Para) population tubewells samples analysed 


No. of tubewell samples within the arsenic range (mg/1) 

<0.01 0.01-0.050 0.051-0.099 0.1-0.299 0.3-0.499 0.5-0.699 >0.7 


East (Purbapara) 930 

59 

58 

5 

17 

24 

11 

North (Uttarpara) 784 

61 

61 

_ 

1 

39 

19 

South (Dakshinpara) 772 

53 

50 


_ 

12 

18 

West (Paschimpara) 2355 

106 

96 

- 

- 

29 

45 

Total 4841 

279 

265 

5 

18 

104 

93 


1 

1 

8 

3 

13 


1 

7 

13 

21 


5 

6 

11 


ARSENIC CONCENTRATION 


N -1. 

. \ India S 

^ V Bangladesh 


Range of Arsenic 
Concentration (mg/l) 

Number of 
Samples 

• Below 0.01 

5 

• O.or- 0.049 

‘18 

O 0.05-0.099 

104 

O 0.10-0.299 

93 

# 0.30 - 0,499 

13 

O 0.50 - 0.699 


# 0.70-1.000 

11 

Total 

265 



Figure 2. Map of Samta village showing the range of arsenic in water. 


digestion, too, was described in earlier publications'*’®’'^. 
Spot urine samples were collected in pre-washed polythene 
bottles during sampling. The samples were not subjected to 
any chemical treatment. Immediately after collection, the 
samples were stored in a salt-ice mixture and later, after 
bringing back to laboratory, kept at -20°C until analyses 
were carried out. Inorganic arsenic and its metabolites were 
measured using FI-HG-AAS against arsenic as the standard. 
Experiments were also carried out with known amounts of 
arsenite, arsenate, monomethyl arsinic acid (MMAA) and 
dimethyl arsinic acid (DMAA) under identical condition 
with cysteine and without cysteine to find out the hydride 
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generation efficiency of the individual species and by spik¬ 
ing these species in urine to know the recovery. 

A detailed procedure for determination of arsenic in 
water, hair, nails and urine has been described else- 
where'’'’''’®’^ 


Results and discussion 

During the period September 1996 to June 1997, we had 
surveyed Samta village four times at different intervals. 
At the time of our water collection in Samta village, 
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there were, in all, 279 available tubewells which the 
villagers were using for drinking and cooking, and out 
of these we could analyse only 265 tubewells, as the 
other 14 tubewells were defunct. In Samta village, al¬ 
most 100% of the population were drinking shallow 
tube-well water (usual depth 15-46 m). Only very re¬ 
cently during July-August 1997, 3 deep tubewells 
(213 m) were sunk in Samta. Table 1 shows the total 
number of tubewells, number of tubewells analysed, the 
population drinking tubewell water and the distribution 
of tubewells with different arsenic concentration range 
at different areas of the village. Table 1 also shows that 
only 5 tubewells at Purbapara of Samta village were safe 
to drink according to the WHO recommended value in 
drinking water (0.01 mg/1), and 17 tube-wells had arse¬ 
nic betwen 0.01 and 0.05 mg/1. All the tubewells in Ut- 
tarpara (except one), Dakshinpara and Paschimpara 
contained arsenic above 0.05 mg/1, but Dakshinpara and 
Paschimpara were the most affected. Figure 2 shows the 
groundwater arsenic contamination map of Samta vil¬ 
lage. The light green region in the map (northern and 
southern) shows rice fields. The groundwater arsenic 
concentration is divided into seven levels from red cir¬ 
cle to green colour. The red circle indicates the arsenic 
concentration above 0.7 mg/1 and green circle indicates 
arsenic concentration below 0.01 mg/1. Water analysis 
for arsenic was done by FI-HG-AAS. To compare the 
reliability of the results, 10% of water above 0.05 mg/1 
was analysed by our modified spectrophotometric 
method as well, using Ag-DDTC-CHClj with hex¬ 
amethylenetetramine*^. A standard Reference (Quality 
Control Sample for Trace Metals Analysis, US Envi¬ 
ronmental Protection Agency) in acidified solution was 
also analysed for arsenic (received from Water Technol¬ 
ogy Division, National Environmental Engineering Re¬ 
search Institute, Nagpur). The results showed good 
agreement. Analysis of arsenic from 282 tubewells from 
the same village was also carried out by Asia Arsenic 
Network-Japan*^* by using field kit*"* and it was found 
that 96.5% of the tubewells were not suitable for drink¬ 
ing according to the WHO recommended value. 

A comparative study of groundwater arsenic of Samta 
village with 3 other villages, two from Bangladesh 
(Rajarampur village of district Nawabganj and village 
Shibpur of district Laxmipur) and one from West Bengal 
(Uttar Kolsur village from Deganga block of North 24- 
Parganas) where we have analysed all the tubewells of 
the villages, is presented in Figure 3. The comparative 
study shows that Samta is not an exception. In the other 
3 villages, higher concentration of arsenic in well water 
was more abundant (Figure 3) and in Shibpur village not 
a single tubewell was safe to drink. 

Arsenic in urine from 301 persons of Samta village 
was measured for total inorganic arsenic and its me¬ 
tabolites (sum of arsenite, arsenate, MMAA and 
DMAA). It was found that in our experimental condition 
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Figure 3. Comparative study of arsenic concentration in ground- 
water in Samta village, Rajarampur village, Shibpur village of 
Bangladesh and village Uttar Kolsur of West Bengal. 


Hydride generation efficiency 



Figure 4. Hydride generation efficiency of different arsenic species 
in presence of cysteine and without cysteine. 



Figure 5. Recovery of arsenic species immediately after spiking and 
15 days after spiking, 

of FI-HG-AAS, arsenobetaine and arsenocholine do not 
produce any signal^ Some other workers have also re- 
portedsJhe same fact using hydride generation tech¬ 
nique . Some researchers have reported that in 
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hydride generation AAS system, the species arsenite, 
arsenate, MMAA and DMAA show different response 
although they have the same concentration of arse- 
nic'*'*^. To get rid of this discrepancy, cysteine was used 
as a modifier*''’. However, some workers have also re¬ 
ported no anomaly in sensitivity in determination of 
these four arsenic species by hydride generation AAS^°. 
We have determined individual species - arsenite, arse¬ 
nate, MMAA and DMAA, both with and without cyste¬ 
ine by our FI-HG-AAS system. Figure 4 presents the 
results obtained against arsenite standard. As with or 
without cysteine the deviation of results is within ac¬ 
ceptable limit, we have not used cysteine during inor¬ 
ganic arsenic metabolite determination in urine. To 
know the exact arsenic concentration in each species, we 
digested arsenite, arsenate, MMAA and DMAA with 
HNO 3 /H 2 SO 4 mixture'*. Arsenite was prepared from ar¬ 
senic trioxide and before and after digestion it gave al¬ 
most the same recovery. However, sodium arsenate, 
MMAA and DMAA showed some deviation. The stan¬ 
dard solutions of arsenate, MMAA and DMAA were 
prepared considering the concentration measured after 
digestion. After collection of urine it was kept in ice¬ 
box with salt-ice mixture. The usual time gap between 
urine collection and measurement for metabolites was 
about a few hours to 15 days. To know whether there 
was any loss during this period we spiked each species 
of arsenic in urine and kept them in the same condition 
as the urine samples before measurement. The recovery 
was measured against the urine blank (Figure 5). The 
results showed no significant deviation. 


During our survey we collected 301 urine samples, 
293 hair and 228 nail samples from the four paras of 
Samta village. Table 2 shows the number of urine sam¬ 
ples from each area and their distribution with the range 
of urinary arsenic concentration. Water analysis showed 
that water of Dakshinpara and Paschimpara of Samta 
was highly contaminated compared to that from the 
other areas. Therefore we collected more biological 
samples from these two highly contaminated areas than 
the other two. Only at Purbapara, arsenic concentration 
in two urine samples out of 24, i.e. about 8 % was within 
the normal range^*’^^ and in the other three areas, all the 
urine samples contained arsenic above the normal range. 
On the whole, in Samta village, about 99% urine sam¬ 
ples contained arsenic above the normal range. The rea¬ 
son is that in this village, 91% of the tubewells 
contained arsenic above 0.05 mg/ 1 . The villagers are 
thus living in an arsenic environment and it is difficult 
to get rid of arsenic contamination. 

If we plot the urinary arsenic concentration data on 
the map (Figure 6 ) of Samta village, we get a fairly 
superimposable map with arsenic in water (Figure 2 ). 
In the map (Figure 6 ) the green circles indicate 
urinary arsenic below the normal range (<30 pg/ 1 ) and 
the red circle indicates above 2000 pg/1 arsenic. At 
Purbapara and Uttarpara of Samta village, the urinary 
arsenic concentrations are at a lower range (Table 2) 
and the same observation was also noticed for water 
samples (Figure 2 and Table 1 ). Again, higher concen¬ 
trations of arsenic in water were found at Dakshinpara 
and Paschimpara of Samta where urinary arse- 


^ble 2. Distribution of urine samples against the range of arsenic metabolites of the studied group in four areas of Samta village 


of urine samples within the arsenic range (tig/l) 
Total no. of urine -____ 


Zone (Para) 

samples analysed 

<30 

30-60 

61-150 

151-300 

301-800 

801-1000 

1001-1500 

1501-2000 

2000> 

East (Purbapara) 

24 

2 

2 

9 

8 

Q 





North (Uttarpara) 

19 


2 

7 

9 

1 



_ 

“ 

South (Dakshinpara) 
West (Paschimpara) 

87 

171 

_ 

2 

5 

24 

17 

66 

40 

62 

3 

5 

6 

4 

II 

7 

5 

1 

Total 

301 

2 

6 

45 

100 

106 

8 

10 

18 

6 


Table 3. Dis tribution of hair samples against arsenic concentration range of the four studied areas of Samta village 

No, of hair samples with different arsenic concentration range (mg/kg) 


Total no. of hair 


Zone (Para) 

samples analysed 

0.08-0.25 

0.26-1.00 

1.01 -2.00 

2.01-3.00 

3.01-4.00 

4,01-5.00 >5.00 

East (Purbapara) 

29 

5 

7 

1 1 

... 

1 


North (Uttarpara) 

18 


5 

Q 

5 

— — 

South (Dakshinpara) 
West (Paschimpara) 

99 

147 

4 

4 

13 

27 

42 

46 

4 

24 

30 

8 

22 

8 

14 4 

Total 

293 

13 

52 

108 

63 

31 

22 4 
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Figure 6. Map of Samta village showing the range of urinary arsenic. 


nic concentrations were also high. The superimposition 
of these two maps (Figures 2 and 6) indicates the corre¬ 
lation between arsenic in urine and arsenic in water. 
Regression analysis was carried out to find out the cor¬ 
relation between arsenic in water and arsenic in urine 
(Figure 7). Figure 7 shows the linear regression among 
the average urinary arsenic with arsenic concentration in 
water and there is high correlation (r^ = 0.89, 
F< 0.0001). During regression analysis, 36 data were 
discarded because PHED-Bangladesh installed three 
tubewells within the depth of 54 m to 60 m two months 
before our sampling and the arsenic concentration of 
these tubewells was 0.108, 0.103 and 0.08 mg/1. Urinary 
arsenic concentration is reflected by ingestion of arse¬ 
nic-contaminated water. People who are drinking water 
with arsenic levels of 0.08 mg/1 should not normally 
show elevated urinary arsenic. But urine analysis 
showed a few with elevated arsenic concentration in 
their urine. This indicates that the people sometimes 
drank water from the old highly-contaminated tubewells. 
So, for the regression analysis the data was collected 
from the people who had not changed their source of 
water, 
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The urinary arsenic concentration of the people of 
Samta was compared (Figure 8) with 2 other villages 
(Shibpur and Uttar Kolsur) where we had analysed all 
tubewells. From Figure 8 it appears that in Shibpur not a 
single urine sample is within the normal range. The ob¬ 
vious reason is that not a single tubewell is safe to drink 
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Table 4, Distribution of nail samples against arsenic concentration range of the four studied areas of Samta village 

No. of nail samples with different arsenic concentration range (mg/kg) 


Zone (Para) 


Total no. of nail 
samples analysed 


< 1.08 


1.09-3.00 


3.01-5.00 5.00-8.00 8.01-10.00 10.01-13.00 >13.C 


East (Purbapara) 

North (Uttarpara) 

23 

18 

2 

1 

9 

9 

8 

7 

3 

1 

23 

1 

- 


South (Dakshinpara) 

79 

3 

8 

15 

14 

14 

“■ 

“ 

West (Paschimpara) 

116 

3 

14 

23 

27 

8 

13 

8 

22 

Total 

236 

9 

40 

53 

54 

29 

21 

30 


Table S. Statistical presentation of urinary arsenic concentration (ng/l) among different groups in Samta village 


No. of valid observations 
Mean ( 4 g/l) 

Minimum (|Xg/l) 

Maximum (fig/l) 

Standard deviation 
% of samples having arsenic 
above normal level* 


Adults having 
arsenical symptoms 


92 

542 

47 

2285 

481 

99 


Adults having no 
arsenical symptoms 


108 

402 

37 

1932 

419 

98 


Children having 
arsenical symptoms 


24 

764 

110 

3085 

794 

100 


Children having no 
arsenical symptoms 


76 

446 

24 

2237 

471 

94 


*Normal arsenic level in urine. 

(i) <120 4g/24 hours collection (inorganic arsenic <25 Lig/24 hours (ref 211 

(ii) 5-40 ng 1.5 1-'(ref. 22). ^ ■ J- 



Figure 8. Comparative study of arsenic concentration in urine sam- 
ples m Samta village, Shibpur village of Bangladesh and Uttar Kol- 
sur of West Bengal. 

according to WHO value. The water of Shibpur and Ut¬ 
tar Kolsur contained more arsenic than Samta, but Fig¬ 
ure 8 shows that urinary arsenic of Shibpur does not 
show very high value. The reason is that urine samples 
were from those who were drinking low-arsenic- 
contaminated water. 

Deposition and release of arsenic in hair and nails are 
a slow process, so, change of water for a short period is 
not reflected immediately on the arsenic concentration 
in hair and nail'° but reflects on urinary arsenic’®. The 
maximum samples of hair and nail were collected from 
Paschimpara and Dakshinpara of Samta village. The 
percentage distribution of hair and nail samples against 
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arsenic concentration range is shown in Tables 3 and 4 
respectively. Tables 3 and 4 indicate that at Purbapara 
only 5 hair samples out of 29 samples (=^ 17%) and 2 
nail samples out of 23 samples (= 9%) were within the 
normal lange and 58% hair samples indicated arse¬ 
nic toxicity . At Uttarpara 72%, Dakshinpara about 
83% and at Paschimpara about 79% hair samples con¬ 
tained arsenic above toxic levels. Similarly, for nail 
samples, at Purbapara about 91%, at Uttarpara 94%, at 
Dakshinpara 95% and at Paschimpara 97% contained 
arsenic above normal value^"*. Thus out of all hair and 
nail samples we analysed from Samta village, 78% hair 
samples were above toxic level and 98% nail samples 
contained arsenic above normal levels. Regression 
analysis was carried out among the arsenic concentration 
in hair, nail and arsenic in water. The linear regression 
shows (Figure 9 and 10) good correlation between 
arsenic in water and hair (r^ = 0.91, P< 0.0001) and 
nail (r = 0.94; P< 0.0001). 

To compare the arsenic burden on the body of the 
people of Samta village, we collected hair, nails and 
urine from four groups of people; 

i) adults with arsenical skin lesions (n = 99); 

ii) adults without arsenical skin lesions (n = 120); 

iii) children without arsenical skin lesions (n = 88); 

iv) children with arsenical skin lesions (n = 27). 

Table 5 presents the urinary arsenic concentration of 
these four groups. The mean urinary arsenic concentra- 
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Table 6, Statistical presentation of arsenic in 

hair and nail (mg/kg) among different groups in Samta village 



Adults having 
arsenical symptoms 

Adults having no 
arsenical symptoms 

Children having 
arsenical symptoms 

Children having no 
arsenical symptoms 


Hair 

Nail 

Hair 

Nail 

Hair 

Nail 

Hair 

Nail 

No. of valid observations 

Mean (mg/kg) 

Minimum (mg/kg) 

Maximum (mg/kg) 

Standard deviation 
% of samples having arsenic 
above toxic/normal level* 

91 

3.40 

0.62 

9.48 

1.90 

95 

72 

9.86 

1.7 

29.6 

5.50 

100 

108 

1.93 

0,46 

5.11 

1.10 

84 

93 

5.38 

0.61 

18.82 

3.70 

82 

20 

2.20 

0,63 

4.88 

1.00 

90 

19 

8.30 

2.72 

16.66 

3.50 

100 

62 

1.78 

0.68 

6.75 

1.20 

77 

58 

6.32 

0.26 

21.77 

4.60 

96 


* (i) Normal range of arsenic in hair is about 0.08 to 0.25 mg/kg and 1.0 mg/kg indicates toxicity”. 
( 11 ) Normal arsenic content of nails 0.43-1.08 mg/kg (ref. 24). 


Table 7. Percentage of people in each area drinking arsenic contaminated water above 0.25 mg/1 in Samta village 


Name of the para at 
Samta village 


Total 

population 


No. of people exposed to arsenic 
above 0.25 mg/I 

No. of tubewells No. of tubewells having 

used for drinking arsenic above 0.25 mg/l Total % of people 


East (Purbapara) 
North (Uttarpara) 
South (Dakshinpara) 
West (Paschimpara) 
Samta village 


930 

59 

3 

48 

5 

784 

60 

2 

25 

3 

772 

50 

19 

293 

37 

2355 

96 

29 

711 

30 

4841 

265 

53 

1077 

22 (approx) 



Figure 9. Correlation between arsenic in hair and arsenic in water. 

tion of the adults having arsenical lesions is about 1.4 
time higher than the adults having no arsenical lesions 
and 27 times higher than the control population\ If we 
compare the data with children, the results show that 
children with arsenical symptoms have the maximum 
urinary arsenic (lug/l) than the other groups. The mean 
urinary arsenic concentration of children having arseni¬ 
cal lesions is 764 iu.g/1 which is about 1.2 time higher 
than the adults having arsenical symptoms and about 1.7 
time higher than the children having no symptoms but 
living in arsenic-affected areas. 


As cone in nails, mg/kg 



As cone in water ,ug/l 

Figure 10. Correlation between arsenic in nail and arsenic in water. 


The arsenic content in hair and nail of the different 
groups is given in Table 6. The nail arsenic concentra¬ 
tion is higher than hair arsenic concentration in all the 
groups. It is interesting to note that mean arsenic con¬ 
centration in hair and nail of the adults having arsenical 
lesions was higher than the children with arsenicosis. 
But for urinary arsenic, children were excreting more 
arsenic (in |ag/l) than the adults (p.g/1). The mean arsenic 
concentrations were in hair and nail of adults patients 
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about 8 times and about 12 times higher than the control 
population respectively^ The body burden of different 
groups can easily be understood from Table 6. About 
84% adults who showed no symptoms had arsenic in 
hair above the toxic level, and 82% had arsenic in nail 
above normal level. Similarly 77% children showing no 
symptoms had arsenic in hair above the toxic level and, 
for nail, 96% showed an above normal level. For af¬ 
fected children and adults, 90 to 100% people had arse¬ 
nic in their hair and nails above the toxic level and 
normal level respectively. 

It is reported that symptomatology or arsenical toxic¬ 
ity may develop insidiously after six months to three 
years or more depending on the amount of arsenic in- 
take^^ The nutrition status also plays an important role 
in arsenic toxicity. The literature study^^’^'^ shows that 
both vitamin C and methionine reduce the toxicity of 
arsenic. Our survey in the affected disricts indicates that 
undernourished people are the worst affected^’"^’^’^. Ac¬ 
cording to Guha Mazumder^^ pigmentation was found 
in 13 cases and thickening of palm and sole in 4 cases 
out of 3235 persons drinking water having arsenic level 
between 0.01 and 0.05 mg/l. In Samta village 91% tu- 
bewells had arsenic concentration above 0.05 mg/L 
Consequently, more people may show arsenical symp¬ 
toms. According to Chakraborti and Saha^^ the lowest 
arsenic concentration in water producing dermatosis 
(diffuse and palmoplanter melanosis and keratosis) was 
found to be 0.2 mg/l. However, the total quantity of ar¬ 
senic consumed per day and the duration of exposure are 
important factors^^"^^. Chen and Wu^^ in Taiwan re¬ 
ported high incidence of hyperkeratosis and skin cancer 
after consumption of water containing more than 
0.3 mg/l arsenic. Tseng et alP also observed associa¬ 
tion of skin cancer with drinking well water containing 
0.5 mg/l arsenic. It is reported^^ that approximately 
1 mg of arsenic per day may give rise to skin effects 
within a few years of exposure. In Samta village most of 
the people were farmers and they drank 3-5 litres water 
per day. Considering, on an average, if 4 1 of water is 
consumed per day, the people who are drinking water 
with 0.25 mg/l of arsenic will be ingesting 1.0 mg of 
arsenic per day and within few years may show skin le¬ 
sions, This arsenic concentration (0.25 mg/l) is close to 
Chakraborti and Saha’s observation. 

Table 7 shows the number of people exposed above 
0.25 mg/l at each area of Samta village. On this basis, 
about 22% people of Samta village may show arsenical 
skin lesions (Table 7). According to a WHO task group 
estimation, the risk assessment for skin cancer from the 
ingestion of inorganic arsenic may be calculated from 
the linear non-threshold model^^ The slope of the resul¬ 
tant linear extrapolation is about 5% skin carcinoma 
prevalence per 10 g of total ingested arsenic^^ From 
Table 1 it can be observed that at Uttapara of Samta 
village only one tubewell and at Dakshinpara and 
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Figure 11. Diffuse and spotted keratosis on sole and palm, Vill: 
Samta (Paschimpara), P. S.: Sarsa, Dist: Jessore, Bangladesh. 



Figure 12. Amputated finger of left leg due to gangrene, Vill: Samta 
(Dakshinpara), P.S.: Sarsa, Dist: Jessore, Bangladesh. 


Paschimpara 13 tubewells contained arsenic above 
0.6 mg/1. Our survey showed that in Dakshinpara and 
Paschimpara of Samta, there were 6 tubewells which 
were being used for the last 9 to 20 years by about 181 
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people. From calculations it is found that these people 
might have ingested more than 10 g of arsenic within 
this period. On the basis of linear non-threshold model, 
5% of the people who have ingested more than 10 g of 
arsenic may show skin carcinoma. However, during our 
preliminary field survey at Samta village we could not 
identify any carcinoma patients but it is reported^^ that 
16 people with severe arsenical skin lesion died at 
Samta village. Since there is no available medical re¬ 
port, it is not known whether they had carcinoma or not. 
During our field survey, out of 330 arsenical patients, 
we identified four gangrene patients. Table 8 shows the 
dermatological manifestations, arsenic in hair, nails, 
urine and of some patients of Samta village with photo¬ 
graphs of 2 patients (Figures 11 and 12). In our field 
survey at Samta village to identify arsenic patients hav¬ 
ing dermatological symptoms, we identified 10 arsenic 
patients out of 27 people at Uttarpara, 19 patients out of 
57 at Dakshinpara and 301 patients identified out of 493 
at Paschimpara. We could not identify any arsenic pa¬ 
tients at Purbapara (23 people clinically examined). Al¬ 
though out of 600 people we had examined in 4 areas of 
Samta village, 330 poeple had arsenical skin lesions 
(55%), such a high percentage is not the picture of the 
entire Samta village. In our study we had mainly exam¬ 
ined people from Paschimpara, which is the most arse¬ 
nic-affected area with a high prevalence of arsenic in 
ground-water. However, the true picture will emerge 
after a door-to-door survey. 

The symptoms of arsenic poisoning that we observed 
among patients in the arsenic-affected areas of Bangla¬ 
desh and West Bengal were diffused melanosis, spotted 
melanosis, diffused keratosis, spotted keratosis, hyper 
keratosis, nonpitting oedema, Bowen’s disease, gan¬ 
grene, skin carcinoma, etc. The most common symptoms 
of arsenic patients in Bangladesh and West Bengal were 
bronchial problem and burning sensation. We have in¬ 
formation about a few cases from West Bengal where 
some arsenic patients died while some are suffering 
from internal cancers, i.e. lung, bladder, liver, renal 
cancer. The reason for such small data is due to the fact 
that no study has been done on internal cancer. Although 
from West Bengal we have a list of a few hundred with 
severe skin lesions who died in arsenic-affected villages, 
due to the nonavailability of proper death certificates we 
do not know the exact cause of the deaths. The most 
abundant symptoms in arsenic patients are melanosis 
and keratosis. In our field survey in Samta village we 
noticed Dakshinpara and Paschimpara were more arse¬ 
nic contaminated than Purbapara and Uttarapara. So we 
tried to find a correlation between the prevalence rate 
and arsenic concentration in drinking water. As 
melanosis was the most common symptom among the 
arsenic victims, the prevalence rate of melanosis with 
respect to arsenic exposure is shown in Figure 13. The 
prevalence rate is as high as 80-90% when the water 
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Table 9. Dermatological symptoms of different age groups drinking same arsenic-contaminated water (0.94 mg/1) 
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+ = mild, ++ = moderate, +++ = severe. 



As in water (ug/1) 


Figure 13. Correlation between prevalence percentage and arsenic 
concentration in water. 


arsenic concentration reaches 0.60 mg/1. It should be 
noted that duration of exposure and nutrition status are 
some of the important factors for the development of 
arsenical skin lesions. While surveying in Paschimpara, 
we identified two groups drinking the same water for a 
period of about 4 and 6 years. People drinking for 6 
years had more prevalence of skin lesions than 4 years. 
During our last 10 years of field survey in arsenic- 
affected areas of West Bengal, we have observed that 
children up to age group of about 12 years show less 
arsenical skin lesions than adults. The same trend is ob¬ 
served in Samta village. A comparison of dermatologi¬ 
cal symptoms of the affected adults and affected 
children is presented in Figure 14. The above observa¬ 
tion is further noticed in a group where all the nine 
members of that group from age group 5 to 35 years 
were drinking tube-well water having arsenic concentra¬ 
tion 0.94 mg/1. Table 9 shows the dermatological 
symptoms. It appears from Table 9 that older people 
have more skin lesions than the younger ones. 
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Figure 14. Comparative study of dermatological symptoms between 
the affected children and adults of Samta village. MELA, Melanosis; 
KERA, Keratosis; LEUC, Leuco melanosis; W BOD, Whole Body 
Melanosis; DORS, Dorsum; NP OD, Non-petting oedema; + = mild; 
4-+ = moderate; +++ = severe. 


This family consumed the tubewell water for 4 years. 
Although children are showing less arsenical skin le¬ 
sions than the adults, they are more susceptible to arse¬ 
nic toxicity^'\ 

Conclusion 

The overall study in Samta village leads to the following 
observations, (i) Although people may not show the ar¬ 
senical skin lesions, they may be sub-clinically affected. 
In Samta village, 99% of the urine samples, 98% of nail 
samples of studied population contained arsenic above 
normal levels. In this village, 78% of the hair samples of 
the studied population contained arsenic above the toxic 
level, (ii) We could establish a positive correlation be¬ 
tween concentration of arsenic in water and arsenic in 
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hair, nail and urine, (iii) Arsenic-affected adults showed 
higher arsenic concentration in hair, nails than affected 
children. However, the excretion of arsenic in urine 
(lig/l) of children was higher than adults. Children also 
showed less arsenical skin manifestation than adults, 
(iv) Nutrition plays an important role in arsenic toxicity. 
People of Samta village are poor and more affected than 
the villagers living in better condition in Shibpur 
(district Laxmipur), Rajarampur (district Nawabganj) 
even though the people of Shibpur and Rajarampur vil¬ 
lages are consuming high arsenic-contaminated water. 
We have observed the same trend in many arsenic- 
affected villages in West Bengal, (v) The most common 
arsenical symptom of the people drinking contaminated 
water is melanosis and prevalence rate increases with 
increasing arsenic in drinking water. In Samta village, 
the prevalence rate is as high as 80--90% when the ar¬ 
senic concentration increases to 0.60 mg/1. 

From the findings at Samta village, it is felt that there 
is an urgent need to survey the 41 arsenic-affected dis¬ 
tricts to know the magnitude of the calamity. 
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Optoelectronic device, a useful tool 
to record surfacing behaviour in 
air-breathing fishes 

Atanu Kumar Pati, Seema Gupta and 
Renu Maheshwari 

School of Life Sciences, Pt. Ravishankar Shukla University, 

Raipur 492 010, India 

An optoelectronic digital system was designed to rec¬ 
ord the frequency of surfacing in Indian catfishes, 
Clarias batrachus and Heteropneustes fossilis. The 
system uses a single infrared (IR) beam generated by 
a transmitter (Tx). The interruption of the beam is 
recorded by an IR receiver (Rx) that relays signals to 
a 4-digit electronic counter. Thus, the frequency of 
surfacing over a specified time scale is expressed in 
number of interruptions per unit time. The efficiency 
of the system is tested. This system can be slightly 
modified to monitor swimming activity, accesses to 
food, emergence from an artificial burrow, photo¬ 
tactic behaviour and other behavioural activities of 
various fish species. 

Many fish species exhibit air-breathing behaviour. The 
habit of air breathing is often referred to as air-gulping 
activity or surfacing activity or simply surfacing behav¬ 
iour and is characterized sequentially by a fast upward 
movement, a quick air gulping at the water-air interface 
and an equally swift descent. The rate of surfacing has 
been chosen as an important parameter to analyse the 
effects of a number of natural and experimentally- 
simulated factors^’^. A survey of the literature reveals 
that the frequency of surfacing has been recorded either 
by visual observation^’"^ or by using ichthyometer^, pad¬ 
dle apparatus^"®, photocell^"^^, ultrasonic telemetry^^’^"^, 
electronic channel recorder^^’^^ and radiotelemetry^^. 
However, each one of the above techniques has some 
demerits in terms of accuracy or reliability and/or cost 
effectiveness. We present here a low-cost, reliable, op¬ 
toelectronic, digital monitoring system that uses IR 
transmitter (Tx) and receiver (Rx) to enumerate the fre¬ 
quency of surfacing or air-gulping activity. 

The principal objective of this device is to get rid of 
all kinds of shortcomings attributed to the method 
of visual observation practised in ethological studies. 
Usually visual observation of surfacing in air-breathing 
fishes or of any other behavioural events in a given 
animal species is time-consuming, tedious and subjec¬ 
tive. 

Secondly, the aim of this device that employs the 
principle of IR beam interruptions is to effectively 
monitor swimming activity, accesses to food/food 
source, emergence from an artificial/natural burrow, 
phototactic behaviour, eclosion and many other behav- 
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ioural activities in a number of aquatic and terrestrial 
species of animals. 

Thirdly, this device has been designed with an objec¬ 
tive to use it in class room exercise in the domain of 
ethology, respiratory physiology and fish physiology. 

Specific glass aquaria with narrow mouth at the top 
were designed (Figure 1 a). The area available for sur¬ 
facing was further reduced by putting removable pack¬ 
ing materials in two sides of the mouth (Figure 1 b). 

A single beam was placed at the mouth of the aquar¬ 
ium about 2-3 mm below the level of the water. The IR 
sensors [Tx and Rx; Electronic Switches (I) Pvt. Ltd., 
Nashik or any other locally-made compatible type 
(Pandeyatronics, Raipur)] were fixed by a pair of ad¬ 
justable holders. The beam alignment was achieved with 
the help of indicators (LEDs) located at the rear end of 
the sensors and also in the front panel of the 4-digit 
counter [Electronic Switches (I) Pvt. Ltd., Nashik or any 
other locally-made compatible type (Pandeyatronics, 
Raipur)]. The scheme of the optoelectronic device and 
the complete assembly are shown in Figure 2 a, b. Fig¬ 
ures 3-5 depict block diagrams of the circuitry of vari¬ 
ous components of the device. 


NARROW MOUTH 



b 






IRBeam 




Figure 1. a. The specially-designed aquarium with a narrow mouth 
(7x7 cm), b. Top view of the mouth. IR Tx, IR transmitter or emit¬ 
ter; IR Rx, IR receiver or detector; PM, Packing material. Packing 
material has been used to reduce the area available for surfacing. 
This increases the sensitivity of IR sensors for detection. 

CURRENT SCIENCE, VOL. 74, NO. 2, 25 JANUARY 1998 













RESEARCH COMMUNICATIONS 



Figure 2. a, Complete assembly of the device showing IR transmitter 
(sensor positioned in the top of the aquarium in the left), IR receiver 
(sensor positioned in the top of the aquarium in the right), amplifier 
(white rectangular box in the right side below), 4-digit counter 
(black box above the amplifier), and a resting fish inside the aquar¬ 
ium; b, Same as above showing position of a fish prior to a surfacing 
bout. 


Live specimens of Indian catfishes, Clarias batrachus 
and Heteropneustes fossilis in the range of 60-80 g 
body weight were used separately. The fishes were pro¬ 
cured locally and were kept in large stock aquaria for 
about a week for proper laboratory acclimatization. 
Each fish was introduced individually in the specially- 
designed aquarium with stagnant water conditions at 
least 2-3 days prior to beginning of the study. The sur¬ 
facing frequency was recorded by counting the number 
of times the beam was disrupted when fish surfaced for 
air-gulping. It is advisable to use aerators to ensure 
100 % oxygen saturation in the water inside the aquar¬ 
ium. It is also important to maintain the fish under fixed 
photoperiod, temperature and feeding schedules. 

The efficiency of the system was determined by 
counting the number of nondetection and bouncing for 
each set of 50 counts in the display panel of the digital 
counter (Table 1). Nondetection is defined as a valid but 
stealth air-gulping without addition of the event in the 
counter. A single interruption by a sudden and speedy 


Table 1. Cumulative data on number of detection, nondetection and 
bouncing shown in blocks of 50 detections of surfacing by Clarias 
batrachus and Heteropneustes fossilis 


Cumulative 

Nondete- 

ND 


B 


ND + B 

detection 

ction 

(as % 

Bouncing 

(as % 


(as % 

(CD) 

(ND) 

CD)“ 

(B) 

CD)" 

ND + B 

CDf 

50 

3 

6.0 

0 

0 

3 

6.0 

100 

7 

7.0 

2 

2.0 

9 

9.2 

150 

9 

6.0 

2 

1.3 

11 

lA 

200 

10 

5.0 

3 

1.5 

13 

6.6 

250 

12 

4.8 

3 

1.2 

15 

6.1 

300 

14 

4.7 

3 

1.0 

17 

5.1 

350 

17 

4.8 

3 

0.9 

20 

5.8 

400 

20 

5.0 

5 

1.3 

25 

6.3 

450 

24 

5.3 

6 

1.3 

30 

6.7 

500 

26 

5.2 

8 

1.6 

34 

6.9 

550 

27 

4.9 

9 

1.7 

36 

6.6 

600 

29 

4.8 

11 

1.9 

40 

6.8 

650 

32 

4.9 

15 

2.4 

47 

lA 

700 

36 

5.1 

16 

2.3 

52 

7.6 

750 

41 

5.5 

17 

2.3 

58 

7.9 

800 

46 

5,7 

23 

3.0 

69 

8.9 

850 

50 

5.9 

25 

3.0 

75 

9.1 

900 

54 

6.0 

25 

2.8 

79 

9.0 

950 

58 

6.1 

25 

2.7 

83 

9.0 

1000 

62 

6.2 

25 

2.6 

87 

8.9 


"ND = ND/CD X 100. 

'’B = [B/(CD-B)] X 100. 

‘^ND + B = [(ND -h B)/(CD - B)] x 100. 

Note: Data obtained for C. batrachus and H. fossilis was pooled, 
specially because it does not interfere with the process of evaluation 
of the efficiency of the proposed optoelectronic device. Furthermore, 
there was no statistically significant difference in the surfacing fre¬ 
quency of the two species. 

air-gulping by the fish with a jerk was noticed to be re¬ 
corded as two interruptions. This is termed as bouncing. 
The phenomenon of nondetection and bouncing was 
recorded for a total of 1000 interruptions (Table 1). 

Prior to beginning of this study, on 15 November 
1996, surfacing behaviour in C. batrachus and H. fos~ 
silis was examined and compared. There was no statisti¬ 
cally significant difference in the surfacing frequency of 
the two species (t = 0.584; df = 14; p = 0.57). Therefore, 
data obtained from both species were pooled and sub¬ 
jected to further statistical analyses in blocks of 50 in¬ 
terruptions. The percentages of nondetection, bouncing 
and both of these together were in the order of 6.2, 2.6 
and 8.9, respectively. Macroscopic examination of raw 
data reveals that while at least up to 350 cumulative de¬ 
tections, the dependent variable, ‘bouncing’ remained 
negligible and did not change at all, it becomes almost 5 
and 8 times more at the levels of 700 and 1000 cumula¬ 
tive detections, respectively. Therefore, the data were 
subjected to exponential regression (7 = ae^^) analysis 
and coefficients were obtained (Figure 6 and Table 2) 
taking into consideration cumulative detection as the 
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4 DIGITS 7SEGMENTS 



Figure 3. Block diagram of the digital counter. 



Figure 4. Block diagram of IR receiver (Section I) and amplifier (Section 11). In Section III, digital counter ha.s been shown 
(,oee rigure j tor oetaus). 


independent variable and frequency of nondetection or 
bouncing or nondetection + bouncing as dependent vari¬ 
able, A common use of regression is the prediction of a 
new value (Y) of the dependent variable, given the value 
for the independent variable (X). In the present case, 
most of the data followed the predictions (Table 2 and 
Figure 6). Thus, when this device would be used, the 
outcome of any future study in terms of nondetection 
and bouncing would not vary randomly, rather one 
would have a close approximation of the expected de¬ 
tection both in quantity and quality. With a sensitivity of 
about 94%, the present optoelectronic device appears to 
be an excellent research tool for recording surfacing 
activity in Indian air-breathing fishes. We observed that 
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both catfishes are nocturnal and the rate of surfacing 
was 4-5 times higher in the dark phase as compared 
with the corresponding photophase^^. Furthermore, the 
rate of surfacing per hour was never more than 50 times 
in both species. Within this range, the percentages of 
bouncing and nondetection were nil and 6, respectively. 
The problems of nondetection and bouncing can be 
solved by increasing the number of IR beams and im¬ 
proving upon the circuitry of the system, respectively. 

The proposed system, with slight modifications, could 
also be used to monitor swimming activity, accesses to 
food, emergence from an artificial burrow, phototactic 
behaviour and many other behavioural activities in a 
number of fish species. The locomotor activity of cave 
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loach, Nemacheilus evezardi is also being recorded by 
the same system successfully. In this case the IR beam 
interruption signals were fed to an event recorder 
(Angus Electronics Co., USA). The proposed IR system 
could also be used for conducting a number of physio¬ 
logical and behavioural experiments in graduate and 
postgraduate laboratories of biology departments in 
colleges and universities. 


50 )U 







_ lOKlii 

^ TONE 
_ SIGNAL 




Filin’ 5. a Rlnck diagram of TR transmitter; h. Infrared beam code 
wave lonns. 

Frequency 



Figure 6. Prediction curves for nondetection (ND), bouncing (B) 
and nondetection + bouncing (ND + B) based on data shown in 
Table 2. 


Table 2. Regression (T = ae^^) equations for predicting nondetection 
(ND), bouncing (B) and both (ND + B). Based on cumulative data 
(Table 1) consisting of 1000 IR beam interruptions 


Variable 

for 

prediction 

Constant 

Regression 

coefficient 

R^ 

Correlation 

coefficient 

n-2 

ND. 

5.7 

0.0026 

0.92 

0.988*** 

18 

B 

1.37 

0.0033 

0.96 

0.964*** 

18 

ND + B 

6.51 

0.0029 

0.92 

0.985*** 

18 


P? = Coefficient of determination. 
***/:> < 0 . 001 . 
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Shape change and hypotonic shock 
response measurements to assess 
functional efficacy of platelets 
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Trivandrum 695 012, India 

Several variables such as anticoagulant, plastic bag 
composition, gas transport, residual plasma volume, 
agitation and storage temperature influence the 
viability and function of platelets during storage. 
Measurements of pH, pOa and pC02 are good 
enough to predict acid-base balance but not for de¬ 
tecting functional stability of platelets. A quick and 
simple screening method is required to establish the 
functional response of stored platelets to agonists. 
Minimal activation of platelets may be a reversible 
change, but if they are stimulated to change shape 
and secrete their granular contents, they turn non¬ 
functional and refractory to agonists. So refractori¬ 
ness of platelets to agonist response can be a reliable 
method to detect the functional loss of platelets. Here 
it is demonstrated that refractoriness can be meas¬ 
ured by a simple spectrophotometric shape change 
measurement. Platelets that were deliberately 
stimulated were used as a model for refractory 
platelets. The data obtained for shape change re¬ 
sponse was double-checked using conventional ag- 
gregometric analysis to detect loss of function. 
Measurement of hypotonic shock response to assess 
the post-transfusion recovery of stored platelets is 
also studied in unstirred suspension, using a double 
beam spectrophotometer. Thus a simple spectropho¬ 
tometric analysis will enable the transfusion centres 
to check quality of the stored platelets and predict 
their post-transfusion recovery and hemostatic effi¬ 
cacy. 

Cancer patients under chemotherapy are the major vic¬ 
tims of thrombocytopenia and they require transfusion 
of platelet concentrates (PC) to prevent haemorrhagic 
complications. Theoretical requirements on quality as¬ 
surance of platelet concentrates, prepared for transfu¬ 
sion, are that they should be uniformly resuspended, 
their biological activity should be preserved and the 
transfused platelets should in vivo behave like a healthy 
person’s own cells. All criteria and standards required 
for the collection and processing of whole blood also 
apply to PC preparation. 

While assuring the quality of stored platelets, it is re¬ 
quired that there is sufficient platelet count present in 
the concentrate as single platelets. Swirling movement 
of platelets during gentle shaking is considered to be a 
quick visual test for preservance of platelet morphol¬ 
ogy \ Aerobic metabolism in stored platelets requires 
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that sufficient oxygen levels be maintained within the 
storage container. If the oxygen level is insufficient, the 
platelets must resort to anaerobic metabolism resulting 
in decline of pH^. Therefore, a primary consideration in 



Figure 1. Normal and agonist-treated platelets viewed under phase 
contrast microscope. Platelet suspensions before treating with ADP 
and after treating with different concentrations of ADP were fixed 
with 0.2% glutaraldehyde, for 2 h, washed with PBS and then a 
smear on glass slide was dried with 30%, 50%, 70%, 90% and dehy¬ 
drated acetone. The smears were examined under phase contrast 
microscope, a, Normal platelets, h, 2.0 pM ADP-treated and c, 
4.0 pM ADP-treated. 
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Figure 2. Shape change response of normal and activated platelets. 
The tracings of increase in absorbance at 540 nm when 16 pM ADP 
was added to: 1, normal platelets; 2, to 0.5 pM ADP-treated plate¬ 
lets; 3, 1.0 pM ADP-treated platelets; 4, 2.0 pM ADP-treated plate¬ 
lets; 5, 3.0 pM ADP-treated platelets; 6, 4.0 pM ADP-treated and 1, 
5.0 pM ADP-treated platelets. 

selecting a plastic container is that it provides maximum 
gas exchange across the bag, allowing carbon dioxide to 
escape and oxygen to enter^. 

Platelet packs require gentle agitation to improve dif¬ 
fusion of gases and horizontal mode is preferred over 
tumbling or rotary movements^ so that the viability of 
the cells are maintained better. Exposure of platelets to 
temperatures as low as 4°C results in their activation and 
they turn refractory to physiological stimulators^ and 
hence storage at 22°C is recommended^ Kunicki et aV 
and Gottschall et al} have suggested that it is not only 
during storage but that the temperature of the processing 
laboratories also should be maintained between 20 and 
22 ''C to keep the viability of stored platelets in terms of 
recovery and survived. 

The platelet response to hypotonic shock may provide 
a measure of platelet viability, which has been corre¬ 
lated to ^^Cr-labelled platelet recovery in vivo^, but not 
to hemostatic effectiveness. Ultimately, their response to 
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Pigurc 3. Aggregatory response of normal and activated plalelcis. 
The tracings represent the increase in percentage transmission when 
16,0 |iM ADP was added to: 1, normal; 2, 0.5 pM ADP-treated; 3, 
1.0 pM ADP-treated; 4, 2.0 pM ADP-treated; 5, 3.0 pM ADP- 
treated; 6, 4.0 pM ADP-treated and 7, 5.0 pM ADP-tfeated platelets. 

agonists is the criterion to predict hemostatic efficacy of 
the stored cells. We demonstrate that a simple spectro- 
photometric shape change measurement will enable as¬ 
sessment of response to agonist, which eventually 
decides hemostatic potential. The platelets which 
showed depleted shape change response in spectropho- 
tometric measurements, seemed to show reduced aggre¬ 
gatory response as measured in the aggregometer. 
Hypotonic shock response can also be measured in un¬ 
stirred suspension using a double beam spectrophotome¬ 
ter with thermostated cuvette holders. 

Thirty ml blood was collected in polypropylene test 
tubes with 4.5 ml ACD, from normal volunteers who 
had not taken aspirin, at least for a week, before the 
collection day. Blood was centrifuged at 400 g for 3 min 
in a Hitachi SCR20BA high-speed centrifuge (Hitachi, 
Japan) using RPR-18-3 rotor. The platelet-rich plasma 
(PRP) was aspirated and the blood was centrifuged at 
1,500 g for 5 min to get platelet-poor plasma (PPP). 
Adenosine diphosphate (ADP) was obtained from Sigma 
Chemicals, USA and the concentration of ADP solution 
was determined using a molar extinction coefficient of 
1.54 X 10^ at A 259 . 

Ten ml PRP was diluted with Tyrode’s buffer to get an 
optical density (OD) of -0.8 at 540 nm, measured against 
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Table 1. Shape change data and aggregation data obtained with preactivated platelets 


ADP used for 

Spectrophotometric analysis 

Aggregometric analysis 

preactivation 

Agonist-16 |XM ADP 

Agonist-16 p.M ADP 

Concentration 

Extent 

Slope, decrease in 

Extent 

Slope, increase in 

im) 

(Maximum A 540 ) 

A54o/min 

(Maximum T) 

T/min 

0 

0.057 

0.029 

38 

50 

0.5 

0.036 

0.033 

43 

31 

1.0 

0.022 

0.025 

21 

18 

2.0 

0.019 

0.021 

15 

9 

3.0 

0.011 

0.017 

14 

9 

4,0 

0.014 

0.014 

8 

13 

5.0 

-0.004 

0.00 

2 

13 


Shape change was measured using a double beam spectrophotometer and aggregation measured using 
a conventional aggregometer. For both studies PRP from same aliquots, treated with concentrations 
of ADP as mentioned in the table were used. So the platelet number, and extent of activation and the 
threshold concentration of ADP used to challenge were same, (A, absorbance; T, transmission). 


PPP diluted in the same proportion with buffer. The re¬ 
quired diluent volume varied from batch to batch de¬ 
pending on the platelet count. Five ml aliquotes of dilute 
PRP were used for each concentration of ADP and incu¬ 
bated at 32°C to stimulate platelets. After such mild ac¬ 
tivation, for 2 min, the OD was redetermined against 
diluted PPP. 

After controlled stimulation with ADP, 1 ml PRP was 
pipetted into each of the reference and sample cuvettes 
and challenged with aggregatory dose of ADP (16 |llM) 
to measure shape change, using the method of Jamaiud- 
din and Krishnan^^. The increase in absorbance at 
540 nm from a base line value of zero was recorded on a 
Shimadzu UV-Vis 240 spectrophotometer. 

The aggregatory response of preactivated platelets 
was also studied, using Chronolog Lumi aggregometer 
(Chronolog, USA). For aggregatory measurements, 
0.45 ml of PRP from preactivated platelets were taken 
and challenged with 16.0 pM ADP. The extent and rate 
of aggregation was calculated by the IBM compatible 
software and integrator obtained from Chronolog, USA. 

Samples from the control PRP and from activated 
platelets were fixed with 0 . 1 % glutaraldehyde for 2 h. 
The suspension was washed with PBS and a smear was 
made on microscope slide. The smear was dehydrated 
using graded concentrations of acetone. The dried 
smears were viewed under a Nikon biphot phase con¬ 
trast microscope. 

Addition of ADP in concentrations ranging from 
0.5 |iM, to 3.0 |J.M to PRP having an initial OD of 0.86 
at 540 nm, resulted in an increase of A 540 to 0.91, while 
4.0 \xM and 5.0 |iM ADP when added, A 540 obtained was 
0.90 and 0.89 respectively. Thus even in the absence of 
continuous stirring, platelets changed shape, and the 
increased A 540 remained steady. With stronger stimulus 
(5.0 |xM), other than shape change, microaggregates also 
formed to result in a reduced A 540 . The formation of 
doublets or higher order aggregates due to the added 
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ADP can be seen under phase contrast microscope as 
shown in Figure 1 a-c. Apparently, platelet activation 
could be produced in vitro to different levels, by addi¬ 
tion of subthreshold concentration of ADP. Such activa¬ 
tions were also observed in stored platelet 
concentrates^^ In this study, the platelets were deliber¬ 
ately activated and were used as a model to demonstrate 
how the cells turn nonfunctional and to measure their 
refractoriness by challenging them with threshold con¬ 
centrations of agonist. 

Agonist response, which is measured as the extent of 
increased A 540 due to the shape transformation from 
discs to spheres, of normal and refractory platelets, is 
shown in Figure 2. The increase in A 540 from base line 
due to shape change and the rate of reduction in A 540 
(slope) due to platelet clumping, on addition of 16pM 
ADP into PRP, preactivated to various levels, are given 
in Table 1. The rate of decrease in OD (slope of the 
curve) was smaller, if ADP used for preactivation was 
higher. Thus, if PRP pretreated with 5.0 |llM ADP was 
challenged with 16 pM ADP, there was no further shape 
change response. 

The refractoriness was also measured using an aggre¬ 
gometer. The concentration used for challenging was the 
same as that used for the spectrophotometric measure¬ 
ments. Both the extent and rate of aggregation were af¬ 
fected by the pretreatment of PRP with small doses of 
ADP. The tracings are seen in Figure 3 (refs 1-7). The 
differences in amplitude and slope of aggregation due to 
preactivation of platelets are also shown in Table 1. 
Platelets preactivated with 0.5 pM ADP showed an in¬ 
creased extent of aggregation compared to the control. It 
is known that stimulated platelets have proaggregatory 
effect as long as they have not turned refractory. The 
extent of refractoriness was proportional to the dose of 
ADP used to preactivate platelets. 

Conventionally, agonist response is measured using 
aggregometry, as suggested by Born^^ in stirred platelet 
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Figure 4, Hypotonic shock response of platelets measured on a 
double beam spectrophotometer. Normal platelets (A) and 4.0 jiM 
ADP-treated platelets (■) were diluted at a ratio of 3:1 with 0.25 ml 
saline and the A 540 measured is the first data point. Second data 
point is the absorbance at 0.2 min after mixing 0.75 ml PRP with 
0.25 ml distilled water, then the absorbance increase with time 
(1 min to 4 min) was also noted. 


suspensions. However, when the platelet suspension is 
stirred, the shape change and aggregation occur simulta¬ 
neously and hence shape change cannot be analysed ac¬ 
curately. As the collision between platelets is negligible 
during spectrophotometric measurements in unstirred 
suspension, no large aggregates are formed. Hence it 
allows shape change to continue and reach the extent 
without any significant reduction in platelet number to 
cause reduction in A 54 o^ It has been shown before that 
the shape change response at 37°C and at 32°C were 
similar^° and from our observations the shape change 
response was insensitive to temperature variations be¬ 
tween 25°C and 37®C (unpublished data). Hence the 
measurements were done at ambient temperatures. 

The results of hypotonic shock response measurement 
are shown in Figure 4. The first point indicates initial 
A 540 of platelet when diluted with normal saline. Mixing 
distilled water with PRP in the same proportion gives the 
least absorbency at 0.2 min. Later on, readings were re¬ 
corded at one min interval and the increased OD indicates 
the recovery of platelets from the hypotonic shock. The 
curve no. 1 (A) represents HSR of normal platelets; and 
curve 2 (■), of platelets that were pretreated with 4.0 |xM 
ADP. In normal platelets there was 3.4% reduction in 
A 540 , from which 4.0% was recovered. While in ADP- 


treated platelets there was a reduction by 14.8% and 
only 3.0% was recovered. So the net shock response of 
normal platelets was 9.4% decrease in A 540 , while that 
of preactivated platelets was 11.8%. Hypotonic shock 
response is accepted as a measure of platelet recovery 
after transfusion^. Conventionally, HSR has been de¬ 
tected by reduction of A 540 in stirred platelet suspension 
when mixed with a third volume of distilled water and 
the recovery measured in few min. Here it is demon¬ 
strated that HSR can also be determined using a double 
beam spectrophotometer and continuous stirring is not 
required. Though there is no drastic difference between 
normal and activated platelets in terms of their hypo¬ 
tonic shock response, there is a significant difference in 
the functional response between the normal and acti¬ 
vated platelets. 

Different stages of platelet activation, similar to that 
seen in storage bags^^ could be generated in vitro by 
controlled additions of ADP to PRP. These preactivated 
platelets were then used as a model to demonstrate the 
use of a spectrophotometer to detect refractoriness on 
shape change response to higher agonist dose. The ago¬ 
nist response measured using conventional aggregome- 
ter also showed similar refractory effects on the model 
platelets. The spectrophotometric method, due to its 
simplicity, can be chosen to monitor haemostatic effi¬ 
cacy and post-transfusion recovery, by measuring ago¬ 
nist response and hypotonic shock response, 
respectively, of platelets stored for transfusion. 
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Potential removal of particulate 
matter and nitrogen through roots of 
water hyacinth in a tropical natural 
wetland 

S. K. Billore, Ritu Bharadia and Anil Kumar 

School of Studies in Botany, Vikram University, Ujjain 456 010, 
India 

A natural shallow eutrophicated wetland receiving 
influx of domestic sewage and agricultural run-off of 
the watershed, heavily infested with water hyacinth, 
located in Ujjain city, Madhya Pradesh State, was 
studied to determine the role of dense growth of 
hyacinth in the removal of particulate matter at¬ 
tached to root system, and nitrogen as contained in 
the root attached particulate matter (RAPM) and in 
the plant tissue. The recorded hyacinth density was 
79 plants per square metre with 1.549 kg dry plant 
tissue and adsorbing 663 g RAPM (about 42% of dry 
plant tissue), thus potentially removing it upon the 
mechanical harvest of the plants on per metre square 
basis. In addition to the significant amount of 
RAPM, the hyacinth plant harvest also brought 
about removal of 1.396 g of organic matter, 0.536 g 
of total nitrogen, 0.482 g of ammoniacal nitrogen, 
and 0.338 g of nitrate nitrogen per waterscape 
basis. In other words, when the hyacinth plants are 
manually/mechanically removed from the wetland, 
potentiality of total nitrogen removal is 37.32 kg 
through the plant tissue +5.36 kg nitrogen/hectare in 
the RAPM, besides 6630 kg/h of particulate matter 
through roots attachment (RAPM). The extensive 
root systems of the hyacinth provide a huge surface 
area for attached particulate matter and microor¬ 
ganisms, acting as ‘suspended sediment layer’ and 
rich in nitrogen. Thus, for an eutrophicated wetland 
receiving waste-water rich in particulate matter, the 
hyacinth growth has substantial potential for the 
removal of particulate matter and thus nitrogen 
through their attachment to roots, in addition to the 
nitrogen concentrated in the plant tissue. 

Ecosystem dominated by aquatic macrophytes are 
among the most productive largely as a result of ample 
light, water, nutrients, and the presence of plants that 
have developed morphological and biochemical adapta¬ 
tions enabling them to take advantage of these optimum 
conditions^ The high productivity of ecosystems domi¬ 
nated by aquatic macrophytes results in high microbial 
activity and consequently, a high capacity to decompose 
organic matter and other substances. Water hyacinth, 
Eichhornia crassipes (mart) solm, is a rapidly-growing 
aquatic macrophyte and is ranked eighth among the 
world’s top ten weeds in growth rate^’^. Primarily it re¬ 
produces by vegetative propagation but seeds may be a 
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major source of reinfestation once the parent plants have 
been removed. The plant community of this species de¬ 
velops a large canopy in the water body, which provides 
a good competitive edge over other floating plants, al¬ 
lowing no submerged plants and algal blooms to grow. 
The extensive root systems of the hyacinth provide a 
huge surface area for the attachment of particulate mat¬ 
ter and the micro-organisms. The aim of this study was 
to explore if water hyacinth aquatic treatment system 
could be successfully used for suspended particulate 
matter (SPM) and nitrogen removal. 

The Solasagar pond is a natural perennial water body 
in Ujjain city (23'^12' N latitude, 75°42' E longitude, 
mean sea level 515.45 m), situated in the mid-western 
part of the country. The climate of the area is typically 
monsoonic; annual rainfall amounts to 1032 mm, con¬ 
fined mostly to rainy season, i.e. June to September; 
annual mean maximum and minimum temperatures were 
31,4 and 16.5°C. The water body is shallow at the mar¬ 
gins (0.25 m) and the depth gradually increases towards 
the central area, attaining a maximum depth of 3.5 m. 
The surface area of the pond is about 65918 m^ during 
the rainy season when it is completely filled with water, 
and this recedes by 15% during the hot summer 
(maximum temperature 45°C). The pond supports natu¬ 
ral water and also receives recurrent input of domestic 
waste water and agricultural drained water during the 
rainy season from the adjoining dense urban habitation 
and agricultural fields. The Solasagar pond is basically 
used for commercial production of water-chestnut 
{Trapa bispinosa, family Trapaceae) and fish farming. 
Every year the hyacinth appears in patches after the 
complete harvest of commercial water-chestnut plants 
during October-November. Before this, the hyacinth 
plants are regularly weeded out manually from the dense 
mat of Trapa. In November and subsequent months, the 
hyacinth spreads, initially slowly since the growth rate is 
limited by low-winter temperature in December (mean 
minimum temp, 7.3°C, mean maximum, 26.7°C) and 
January (mean minimum temp, 6.1°C and mean maxi¬ 
mum 25,4°C), then grows rapidly, almost completely 
covering the pond surface area till February. There are, 
thus, two major sources of particular matter in the water 
body: (i) domestic wastewater and agricultural effluents 
carrying the particulate matter, and (ii) in situ generated 
particulate matter due to death and decay of wetland 
plants, organisms and bioturbation of bottom sediments. 

Periodic sampling of hyacinth plants for RAPM and 
water column (50 cm root around) were carried out on 
31 January, 15 February, 2 and 17 March and 12 and 17 
April 1995. At each date, thirty-six plants were manu¬ 
ally harvested from 1 m, 3 m and 5 m distance from 
shoreline inwards in the hyacinth-covered pond. For 
RAPM, thirty-six plants were pooled into nine bundles 
of four each. Each bundle of hyacinth plants was thor¬ 
oughly washed, using a total six litres of water for the 
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particulate matter attached to the roots. The root wash¬ 
ings, containing leaf debris, molluscs, insects, etc. were 
discarded by sieving through 2 mm sieve. The supernat- 
ent of the sieved slurry was pipetted to analyse for am¬ 
monium and nitrate according to the method of Bremner 
and Keeney"^. Fifty millilitre homogenized sample of this 
RAPM slurry in triplicates was oven-dried at 105°C for 
24 h in glass crucible, weighed and computed for RAPM 
per plant and gfvc? pond area bases by multiplying with 
the plant density. The oven-dried samples were pow¬ 
dered to 50 micron and analysed for total kjeldahl nitro¬ 
gen'*^ and organic matter by Walkley and Blacks rapid 
titration method. Water samples around root zones to a 
depth of 50 cm were analysed for ammoniacal and ni¬ 
trate nitrogen by distillation method"^. 

To investigate the possible role of bottom sediments 
in nitrogen release to the above-lying dense mat of hya¬ 
cinth plants, the bottom sediments were sampled by Pe¬ 
terson grab sampler. The freshly-collected sediment 
samples were immediately sieved by 2 mm sieve to re¬ 
move fresh leafy debris, pebbles, shells, etc. The sieved 
slurry was vacuum-filtered by Whatman no. 1 filter pa¬ 
per to separate out the residue as ‘sediment’ from the 
‘pore’ — or ‘interstitial water’ collected in the form of 
filtrate. Fine-powdered oven-dried (105°C) sediment 
samples were analysed for total kjeldahl nitrogen (TKN) 
(Bremner and Keeney"^, semi microkjeldahl method). For 
estimation of microbial biomass nitrogen in sediments, 
fresh 2 mm sieved samples were fumigated with chloro¬ 
form, and fumigation-incubation^ method was followed. 
Pore- or interstitial water was analysed for ammoniacal 
and nitrate nitrogen similar to columner water of the 
pond. Table I reveals the nitrogen characteristics of 
pond bed (sediment’s total nitrogen and microbial bio¬ 
mass nitrogen, sediment-bound interstitial water’s am¬ 
moniacal and nitrate nitrogen) and overlying water 
column’s ammoniacal and nitrate nitrogen. 


Tabic 1. Nitrogen characteristics of wetland bed and overlying water 
column in the wetland area occupied by water hyacinth 



Under water hyacinth 

Parameter 

Water column Wetland bed 

Inorganic nitrogen (mg N/1) 
Ammoniacal nitrogen 

Nitrate nitrogen 

4.2 (1.986)* 

4.3 (1.669) 

Sediment-bound pore water (mg N/1) 
Ammoniacal nitrogen 

Nitrate nitrogen 

10.9 (1.582) 
2.7 (0.329) 

Bed sediment 

Total nitrogen (mg N/g dry weight) - 3.6 (1.582) 

Microbial biomass N (mg N/kg dry weight) - 49.0 (6.228) 

Organic carbon (mg C/g dry weight) - 29.9 (10.890) 


^Figures in the parenthesis are the standard deviation values; mean 
of seven samples. 


Table 2. Potential removal of (i) particulate matter through hyacinth 
root (RAPM) and nitrogen, and (ii) plant tissue nitrogen in eutrophi- 
cated hyacinth pond 


Parameter 

Per plant Per metre square wetland 

ia) 

Particulate matter 
(RAPM) removal through 
root (in g) 

8.38 (1.7)* 

663 (132)* 

ib) 

Nitrogen removal through 
RAPM (in mg) : 

Total nitrogen (TKN) 

6.78 (1.0) 

536 (85) 


Ammonium nitrogen 

6.12(0.8) 

482 (68) 


Nitrate nitrogen 

3.75 (1.3) 

338 (101) 

ii) 

Nitrogen removal 
through plant 
tissue (in mg) 

46.00 (6.3) 

3732 (82) 


Plant biomass (dry wt. in g) 

19.60 (2.8) 

1549 (26) 


"‘‘Figures in the parenthesis ‘are the standard deviation. 


The pond receives suspended solids from the effluent 
sewage of the urbanized catchment area through piped 
supply and through nonpoint sources since a sizable 
population still lives in areas not served by public sew¬ 
ers, hence carrying clay particles from drained soils as 
well. The catchment area of the wetland also includes 
agricultural fields in which the nitrogen uptake effi¬ 
ciency of the crops grown is relatively poor in compari¬ 
son to the amount of nitrogenous fertilizers applied. 
This has resulted into the possibility of increased losses 
of nitrate nitrogen from the terrestrial systems into water 
courses in surface run-off and leaching^, thus the wet¬ 
land under study has anthropic influences (urban -h 
crop). The plant density recorded was 79 plants with 
fresh plant biomass ranging from 31 to 39 kg and dry 
weight 1.7 to 2.2 kg m~^ wetland surface, with 94.3% 
tissue moisture on dry weight basis. Under normal 
conditions, loosely-packed hyacinth can cover the water 
surface at relatively low plant densities: lOkgm"^ wet 
weight, and can reach a maximum density of 50 kg m"^, 
before growth ceases^. Hyacinth develops an extensive 
fibrous hairy root system (maximum length, 69 cm) 
hanging deep into the wetland and puts forth tall leaves 
above the water surface. The plant develops a large can¬ 
opy which may provide a good competitive edge over 
other floating plants^ and no submerged plants and al¬ 
gal blooms can grow under the hyacinth canopy. The 
hyacinth absorbs nutrients from the wetland through the 
central root system and not through the leaf as in duck¬ 
weeds, Lemna and Spirodela, 

Hyacinth has a significant role in the removal of sus¬ 
pended solids through their attachment to roots. Dense 
cover reduces wind and thermal mixing. Shading by the 
plant cover restricts algal growth, roots impede the hori¬ 
zontal movement of particulate matter, assimilate nutri¬ 
ents, produce plant litter and debris and other 
compounds, thus modifying the microclimate, hydraulic 
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conductivity and suspended particulate matter^. Electri¬ 
cal charges associated with hyacinth roots are reported 
to react with opposite charges on colloidal particles such 
as suspended solids and cause them to adhere where 
they are slowly digested and assimilated by the plant 
and microorganisms^^. In 1 m'^ wetland area, hyacinth 
plants weighing 1.549 kg dry weight, attach 663 g of 
particulate matter on root surface (about 42%) and thus 
potentially remove it; along with the removal of 1.396 g 
organic matter, 0.536 g total nitrogen, 0.482 g ammo¬ 
nium nitrogen and 0.338 g nitrate nitrogen (Table 2). 
The data, thus, reveal that RAPM, weighing 30% of to¬ 
tal harvested plant dry weight on waterscape basis, plays 
an important role in the retrieval of total nitrogen (TKN) 
as well as of inorganic nitrogen (i.e. ammoniacal and 
nitrate nitrogen) which are immediately available for 
rapid hyacinth growth. In other words, when the hya¬ 
cinth plants are manually removed from the wetland, 
potentiality of total nitrogen removal is 37.32 kg 
through the plant-tissue +5.36 kg N/hectare in RAPM, 
besides 6630 kg/h of particulate matter through root 
attachment (RAPM). The extensive root systems provide 
a huge surface area for attachment of particulate matter 
and microorganisms, and oxygen release through root- 
zone aerenchyma^®’^^ may increase redox potentials for 
microbial decomposition of organic matter and nitrifi¬ 
cation rates^^’^^. Significant release of gas bubbles from 
the root zone system causes bioturbation to provoke 
RAPM to release attached ammonium and nitrate ions 
through mineralization for plant absorption. Macroor- 
ganic debris in the water could be expected to become 
part of the RAPM and bottom sediment, but recalcitrant 
residues such as humic substances and other colloids 
seem to be the only organic residues to find their way 
into the water column^"^. Organic residues from lysed 
cells and other products from plant and animal residues, 
diatom fructule fragments are prominent examples of 
suspended particulate matter. Clay minerals such as 
montmorillonite (particle size <1 pm) contribute a siz¬ 
able part in the RAPM drained from watershed during 
the rainy season in the wetland. This clay has specific 
surface area: 286.8 sq m/g (ref. 15), and an immense 
potentiality to adsorb Organic matter and positively 
charged ammonium ion. 

Aquatic plants play a significant role in water treat¬ 
ment either by directly assimilating pollutantsor pro¬ 
viding surfaces and suitable environment in the root 
zone for microorganisms to transform pollutants and 
reduce their concentrations^^. The purposeful construc¬ 
tion of wetland ecosystems is a new technology in which 
shallow water bodies are specifically engineered using 
macrophytes for waste water quality treatment^^’^^. 
These have now been recognized as an accepted low- 


cost techology in developed countries especially bene¬ 
ficial to small towns. The present study pinpoints that 
the extensive roots of hyacinth adsorb significant 
amount of particulate matter, and this RAPM in the 
densely-packed plant cover acts as a ‘suspended sedi¬ 
ment layer’, rich in nitrogen and organic matter for im¬ 
mediate nutrient need of the plant, besides the water 
column and permanent bottom sediment layer. Floating 
hyacinth having buoyant roots further advocates its use 
as a tool in substantial removal of RAPM and nitrogen 
from the eutrophicated water body, if mechanically har¬ 
vested as is the usual practice in India. 
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Conservation-induced natural resource management 
options are of significance for effective management 
of biosphere reserves vi^here people reserve conflicts 
are the prime attention of management plans. Nanda 
Devi Biosphere Reserve (NDBR) in Garhwal Hima¬ 
laya is one such area where existing conflicts drew 
researchers’ attention on management of natural 
resources. The cultivation of medicinal plants exist¬ 
ing in this area has become a major activity with 
conservation-oriented land use changes. We describe 
here the agronomic practice and uses of eight me¬ 
dicinal and aromatic plants cultivated in the NDBR 
buffer zone villages of Garhwal Himalaya. The effi¬ 
ciency of resource use and economic returns indicate 
how such low-volume, high value crops which were 
suggested for this region have not only the potential 
for economic betterment of people of this area but 
also help the cause of conservation in this biosphere 
reserve. 

The geographical area included in Nanda Devi Bio¬ 
sphere Reserve (NDBR) is bestowed with rich natural 
resources, diverse ecological conditions and a long 
practice of traditional farming systems. Traditionally, 
the area produces plant-based raw materials used lo¬ 
cally, regionally and very often supplied legally or ille¬ 
gally to different pharmaceuticals, aroma-chemicals- 
related industries. The reserve is also a repository of a 
variety of economically important medicinal plants and 
biologically significant animals. However, due to over 
exploitation in the past, abundance of many important 
species have been drastically reduced. Flora of the bio¬ 
sphere reserve area comprises of 341 species of trees, 
552 species of herbs and shrubs and 18 species of 
grasses^"^. A total of about 97 species of plants have 
been reported to be used for a variety of purposes^. Six 
plant species are reported to be endangered and 12 are 
rare. The species such as Aconitum heterophyllum, 
Podophyllum hexandrum, Dactylorrhiza hatagirea, 
Nardostachys grandiflora, Taxus buccata, etc., are 
among the rare/endangered or threatened plant species 
that are of medicinal value. 


Though various scientific and nongovernmental or¬ 
ganizations have been advocating their cultivation and 
domestication in this region, unfortunately very few of 
them have reported about those medicinal plants which 
have already been brought under cultivation over the 
last 2-3 decades by the Bhotiya tribe of NDBR and 
adjoining area^. Despite achieving large-scale success in 
domestication/cultivation of a variety of medicinal 
plants, farmers of this region are still facing problems 
with marketing their produce. Therefore, emphasis 
needs to be given to establish cooperatives at 
village level to take marketing responsibilities of the 
produce. 

While several studies describe the taxonomic features, 
chemical nature of the active constituents and ethnobo- 
tanical attributes of medicinal plants from different parts 
of the country®*"^®, studies are lacking on domestication 
and cultivation of medicinal plants and their role in the 
local economy. This paper attempts to study (i) indige¬ 
nous agronomic practices and uses, (ii) evaluation and 
comparison of yield of medicinal plants under cultiva¬ 
tion and in wild, and (iii) output/input analysis 
(monetary) of cultivation and their role in the local 
economy. It also discusses the role of these practices to 
the conservation measures introduced in this protected 
area. 

Nanda Devi Biosphere Reserve (NDBR), located in 
northern part of the Uttar Pradesh hills was established 
on 18 January, 1988 under the UNESCO’s Man and 
Biosphere (MAB) Programme. It consists of a central 
core zone (624,62 km^) surrounded by a buffer zone 
(1612.12 km^). In 1992 it was declared as one of the 
world heritage sites by the world heritage committee of 
UNESCO. Legally the reserve includes areas of reserve 
forests, civil forests and panchayat forests and individ¬ 
ual farm lands. From a geomorphological point of view, 
the buffer zone occupies the entire Rishi Ganga catch¬ 
ment (a tributary of Dauli Ganga) which is encircled by 
Himalayan peaks among which India’s second-highest 
peak, Nanda Devi, flanks the northern part of the re¬ 
serve. A total of 17 villages are situated in the buffer 
zone of NDBR, of which 10 villages fall in Garhwal 
(district Chamoli) and 7 villages in Kumaon (districts 
Pithoragarh and Almora). The present study was carried 
out in the 10 buffer zone villages belonging to Chamoli 
district of Garhwal Himalaya with a total population of 
2253. The rural settlements are spread along an altitudi¬ 
nal zone of 2200-3600 m asl. The climatic year consists 
of three seasons: summer season (April-June), rainy 
season (June-September) and winter season (October- 
February). Average annual rainfall is 928.81 mm. About 
47 .3% of annual rainfall occurs over a short period of 
two months (July-August), featuring a strong monsoonic 
influence. Monthly maximum and minimum tempera¬ 
tures range between 24 to 14®C and 7.5 to 3°C, respec- 
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Table 1. Distribution, indigenous agronomic practice s and uses of some medicinal plants cultivated in the buffer zone villages of NDBR 
Species Distribution In brief agronomic practices Uses 


Allium humile Kunt 


A. stracheyi Baker 


Found in nature between 
2500 and 4000 m eleva¬ 
tion in Central Himalayas 
and presently cultivated in 
the buffer zone villages of 
NDBR. 


It is a perennial crop and requires dry cold climate. It is 
mostly propagated through root stock during monsoon 
season. Before planting root stock, the field is properly 
ploughed using bullock or digger (kudal). Large quan¬ 
tity of organic manure (about 30 t/ha) is added at the 
time of land preparation. Spacing between two root 
stocks is usually kept around 3-4 inches. During grow¬ 
ing season it required 3-4 times weeding and is har¬ 
vested thrice in a year (April, June and October). 
Harvesting is done using sickle and chopping done into 
small pieces which are sun dried. The total yield was 
estimated to be about 684 kg/ha/yr. 


Found in nature between Agronomic practices are almost similar to A. humile. It 

2500 and 4000 m eleva- is harvested once or twice in a year. The yield was esti- 

tion in Central Himalayas mated to be about 424 kg/ha/yr. 

and presently cultivated in 

the buffer zone villages of 

NDBR. 


Used as a vegetable, spice and 
condiment. Soft leaves used as 
a vegetable and its regular use 
is considered to be very good 
for the patient suffering from 
jaundice, cold and cough. It is 
consumed in large scale by the 
locals and also exchanged/ 
bartered with other food items 
from the lower valleys. 


Uses similar to A. humile. 


An^elicci ^lauca Found in nature between 

Eclgew 2500 and 3500 m eleva¬ 

tion in Central Himalayas 
and presently cultivated in 
the buffer zone villages of 
NDBR. 


It requires cool and temperate climate and rich porous 
soil. Heavy inputs of manure, particularly sheep and 
goat dung and frequent weeding are essential for its 
better yield and growth. It is generally harvested once in 
three years, but sometimes farmers harvest it annually. 
Harvested roots arc cut into small pieces and sun dried 
and stored for future use. The yield was estimated to be 
about 350 kg/ha/yr. 


Canim carvi Linn 

Found in nature between 
2500 and 3200 m eleva¬ 
tion in Central Himalayas 
and presently cultivated in 
the buffer zone villages of 
NDBR. 

It is cultivated as a summer crop between October and 
April and requires dry temperate climate. It thrives well 
in tilled soils rich in humus. It is mostly cultivated with 
other common crops, i.e. peas, garlic and require two 
time weeding. Seeds collected before ripening, dried, 
threshed out and stored. The yield was estimated to be 
about 500 kg/ha/yr. 

Dcictylorrhiza 
hafcifiirea (D. Don) 
Soo 

Found in nature between 
2500 and 4500 m eleva¬ 
tion in Central Himalayas 
and presently cultivated in 
the buffer zone villages of 
NDBR. 

Grow well in shady places and requires porous soil 
containing rich humus. Two time manuring and frequent 
weeding is considered to be good for better tuber 
growth. Propagated through seed or root cutting. Har¬ 
vesting after 5 years of its cultivation is known to be 
good for higher yield but sometimes it is harvested after 
2-3 years. 

Me^acarpaea polycin- 
dm Ben til 

Found in nature between 
2500 and 3800 m elevation 
in Central Himalayas and 
presently cultivated in the 
buffer zone villages of 
NDBR. 

Same as An}>eUca ^laiica. Yield is estimated to be 

255 kg/ha/yr. 

Pleurospennum 
an}*elicoides (DC.) 

CL. 

Same as above. 

Same as Angelica j^lauca. Yield is estimated to be 

350 kg/ha/yr. 

Saifs.surea cosius 
(Falc.) Lipsch 

Found in nature between 
2500 and 3500 m eleva¬ 
tion in Central Himalayas 
and presently cultivated in 
the buffer zone villages of 
NDBR. 

Same as Angelica j^lauca. Total yield is estimated to be 
400 kg/ha/yr. 


Root is mostly used as a spice 
and condiment and is consid¬ 
ered a cardioactive stimulant, 
carminative, and diaphoretic. It 
is also used in dyspepsia and in 
constipation. The powered root is 
administered with warm water in 
stomach ailment of children and 
also checks vomiting. Leaves and 
stem of the plant are reported to 
be useful as stimulant, cordial 
and stomach troubles. Consumed 
locally and sold outside too. 

Mostly used as a spice for culi¬ 
nary purposes. Besides, it is a 
carminative and also used in 
flatulent colic and as adjuvant 
for medicines. It is cultivated 
for local consumption and sold 
in the market. 

It is used as a farinaceous food, 
hervine tonic and aphrodisiac. 
Juice from its tuber is consid¬ 
ered to be nutritious and useful 
in diarrhoea, dysentery and 
chronic fever. Used locally and 
also sold in the market. 

Fresh and dried leaves used as 
a vegetable and decoction of 
the root is used to cure stomach 
pain and dysentery. Mostly 
consumed locally. 

Decoction of the-root is used to 
cure typhoid fever, stomach pain, 
body pain and dysentery. Also 
used as a spice and condiment. 

Decoction of the roots is used 
to cure stomach pain, tooth 
ache, worms and typhoid fever. 
Alcoholic extract of the root is 
found very useful in the treat¬ 
ment of bronchial asthma. 

Roots are also used as incense 
and insecticide to protect 
woollen cloths. Used locally 
and also sold in the market. 
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Figure 1. Allium stracheyi locally called pharan is being cultivated 
in Garpak village of NDBR buffer zone. 



Figure 2. Luxuriant growth of Carum carvi in Tolma village of 
NDBR buffer zone. 

lively. Parent material is crystalline rocks and includes 
garnetiferous mica schists, garnet mica, quartozone 
schists and mica quartzite. The soil in agricultural land 
is deep, black, loam to sandy loam and well to exces¬ 
sively drained. 

The people inhabiting the buffer zone villages of 
NDBR located in the Chamoli part are Tolchhas’, a 
Bhotiya community belonging to Indo-Mongoloid ethnic 
group. Except for the residents of Reni, Peng, Lata and 
Tolma villages, rest of the people have two permanent 
settlements: one in the valleys between 800 and 1500 m 
elevation and in the high elevation areas between 2400 
and 3500 m. In 2000-3500 m elevation zone, rainfed 
cultivation on terraced slopes is the common agricul¬ 
tural practice, Amaranthus spp. (amaranth), Phaseolus 
vulgaris (kidney bean), Fagophyrum spp. (buckwheat), 
Eleusine coracana (finger millet), Panicum miliaceum 
(pearl millet), Solarium tuberosum (potato), Triticum 


aestivum (wheat) and a variety of pulses are common 
crops. A variety of medicinal plants, spices and condi¬ 
ments are also cultivated. Most of the crops and medici¬ 
nal plants are potential cash crops. 

Livestock comprises cows, bullocks, sheep, goat, 
horses and mules. All the households depend on forests 
for fuel, fodder, timber and leaf litter as organic manure. 
Wild resources of plant and animal origin make a sig¬ 
nificant contribution to the food security. Many plant 
species are used in traditional health care system. Some 
non-timber forest products not consumed domestically 
are also marketed for cash. 

A survey of 300 households in NDBR buffer zone 
villages of Chamoli district was conducted to elucidate 
the local knowledge about uses of medicinal plants and 
the way these are domesticated/cultivated and marketed. 
The information was noted down during informal dis¬ 
cussions with the people from each family. The acreage 
under medicinal/spice/condiments cultivation in the 
buffer zone villages was estimated by conducting a sur¬ 
vey of all the villages. All the activities related to agro¬ 
nomic practices, trade and barter/exchange were 
monitored over a period of 3 years (1994-96) for more 
than 75 households in six villages. These households 
were selected because they were actively involved in 
cultivation and barter/exchange/marketing of medicinal 
plants. Existing marketing practices, exchange or barter 
systems, were evaluated. Village agents, wholesale deal¬ 
ers and terminal traders who formed the links in the 
marketing channel were consulted to deterihine the price 
spread. Monetary costs and benefits at each stage in the 
marketing were worked out. 

Farm fields/kitchen gardens with different medici¬ 
nal/spices/condiments were identified with replicate 
(three numbers for each) plots. Care was taken to ensure 
similar aspect and topographic conditions. Vegetation 
analysis of the fields was done when majority of me¬ 
dicinal plants attained maximum vegetative growth^ 

The economic yield per plant in a plot was determined 
as an average of 25 plants for each species. The eco¬ 
nomic yield per hectare in all cases was calculated on 
the basis of the yield from the entire plot. Similar obser¬ 
vations were also made for these species in the wild 
(forests and alpine meadows) where they grow naturally. 
For output/input analyses, cost of material and labour 
for various activities was worked out on the basis of 
prevailing rates in the region. 

Traditionally the medicinal plants were collected by 
anwals (animal herders) visiting the alpine grazing lands 
and by people from forests surrounding these villages. 
Though this process is still existing, cultivation of some 
of these plants because of their increased marketing 
potential was started in selected areas in Central 
Himalayas. Buffer zone villages of NDBR are prominent 
in this respect as it is only here that organized marketing 
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Table 2. Density and yield (kg/ha) of some medicinal, aromatic, spice and condiments cultivated in buffer zone villages of NDBR 

Species 

Vernacular 

name 

Height (cm) 

Density (no./ha) 

Yield 


% moisture 
in part used 

Cultivated 

Wild 

Cultivated 

Wild 

Cultivated 

Wild 

Allium humile 

Sedam* 

40 

25 

220000 

60000 

684 

160.0 

91.6 

A. stracheyi 

Jimbu* 

25 

18 

190000 

90000 

424 

99.5 

90.2 

Angelica glauca 

Chippi 

170 

123 

100000 

245 

985 

5.1 

83.0 

Carum carvi 

Kala jeera 

85 

60 

70000 

257 

500 

1.6 

92.0 

Dactylorrhiza hatagirea 

Hathazari^ 

17 

11 

180000 

42000 

450 

105.0 

79.0 

Megacarpaea polyandra 

Barmao 

112 

80 

120000 

8500 

850 

60.5 

89,8 

Pleurospermum angelicoides 

Choru 

65 

48 

200000 

283 

1110 

5.3 

86.0 

Saussurea costus 

Kut 

150 

95 

70000 

215 

1225 

9.0 

84.5 


^Average density of plantlets was found to be 19-22 in wild. Under cultivation it was 56-64, 
'^Usually harvested after three years of planting. 


Table 3. Medicinal plant acreage and projected production in the buffer zone villages of NDBR 


Species 

% families 
cultivating 
the species 

Gross 

acreage 

(Ha) 

Projected 

production 

(kg) 

Monetary value of 
the produce 
(Rs) 

Output:input 
ratio of resources 
under cultivation 

Allium humile 

76,0 

5.44 

3720 

204600.00 

13.0 

A. stracheyi 

76.0 

2.70 

1144 

62690.00 

9.0 

Angelica glauca 

11.0 

0.96 

945 

23640.00 

8.0 

Carum carvi 

20.0 

0.80 

400 

32000.00 

25.0 

Dactylorrhiza hatagirea 

0.5 

0.40 

64 

14400.00 

12.5 

Megacarpaea polyandra 

2.0 

0.20 

170 

2550.00 

6.0 

Pleurospermum angelicoides 2.0 

0.20 

222 

5550.00 

9.0 

Saussurea costus 

18.0 

0,84 

1029 

25725.00 

9.0 


of the produce is being attempted. Brief description, 
indigenous agronomic practices and uses of eight me¬ 
dicinal plants cultivated in buffer zone villages of 
NDBR are given in Table 1. All the eight species are 
naturally-occurring in the region between 2500 and 
4000 m elevation and have dwindled in numbers due to 
past exploitation. Because of their low-density distribu¬ 
tion in nature, they are no longer economically viable 
for exploitation and ecologically unviable due to poor 
regeneration. However, the increased density of these 
plants under cultivation indicates the extent of intensifi¬ 
cation that is possible under management system (Table 
2). Agronomic yields are high under cultivation on per 
unit basis and also on individual basis except for Allium 
spp. and Megacarpaea polyandra, which showed higher 
agronomic yield per individual in nature than under cul¬ 
tivation. 

Though cultivation of medicinal and aromatic plants 
was practised by all families, the total acreage and acre¬ 
age under cultivation for various species varied greatly. 
Only Allium spp. were found to be commonly cultivated 
by 76% of families cultivating these species and 67% of 
total land was under cultivation of medicinal plants un¬ 
der these species with A, humile occupying 2/3 area of 
this total land (Table 3). Due to specialized management 
skill requirements, only 0.5% of families have been re- 



Figure 3. Angelica glaiica under cultivation in NDBR buffer zone 
villages. 

ported to cultivate Dactylorrhiza hatagirea. However 
the total acreage under cultivation of this species is 
higher than that of Pleurospermum angelicoides and M. 
polyandra which were being cultivated by least number 
of families (2%). Owing to its acreage alone, Allium 
spp. contributes 50% of total volume of produce and 
55% of monetary value of the produce. The per hectare 
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Table 4. Quantity (kg) and monetary value (Rs) of the produce consumed, exchanged/bartered and sold in the market in 

the buffer zone villages of NDBR 


Species 


Quantity 



Monetary value 


Consumed 

Exchanged 

Sold 

Consumed 

Exchanged 

Sold 

Allium humile 

86 

2232 

1402 

4730 

122760 

77110 

A. stracheyi 

25 

686 

433 

1375 

37730 

2381,5 

Angelica glauca 

170 

All 

303 

4250 

11800 

7575 

Carum carvi 

8 

140 

252 

640 

11200 

20160 

Dactylorrhiza hatagirea 

1.7 

9.8 

52.5 

382 

2205 

11812 

Megacarpaea polyandra 

105 

65 

- 

1575 

975 

- 

Pleu rosp ermum an gelt coi des 

222 

- 

- 

5550 

- 

- 

Saiissurea costus 

123 

341 

565 

3075 

8525 

14125 


yield per year and its monetary value was high for A, 
humile which showed both highest acreage under culti¬ 
vation and number of families cultivating it. The total 
monetary value of all the produce was estimated to be 
about Rs 3,71,155/yr for the buffer zone villages of 
NDBR in Chamoli district alone. The output/input 
analyses using monetary values indicated Caram carvi 
provided highest returns and M. polyandra provided 
least returns. 

Though organized marketing is starting, majority of 
the produce is still used to barter for food items. Of the 
total produce (7694 kg/yr), least (550.5 kg/yr) is used 
for self consumption and maximum (4038 kg/yr) is used 
for barter and the rest is being marketed directly (Table 
4). While A. glauca and iS*. costas are consumed locally 
in large quantities in comparison to others, A. humile is 
used both for barter and direct marketing in large 
quantity than other species. 

Nanda Devi Biosphere Reserve region is one of the 
most biologically diverse areas of the Central Himala¬ 
yas. Though the area lies in a high-altitude region, dra¬ 
matic change in elevation has resulted in the existence 
of a number of unique vegetation types distributed over 
a variety of topographical and climatic zones. The 
situation has acted both as a bridge, facilitating the in¬ 
flux of many taxa, and as a barrier, promoting endemism 
in the area. The reserve is a repository of a large number 
of medicinal plants and animals having economic value. 
This makes NDBR an area of immense importance. 
However, due to excessive exploitation, populations of a 
variety of plant and animal species have shrunk in size 
and these species are now rare, endangered and threat¬ 
ened. Examples of plant taxa are Aconitum heterophyl- 
lum, Podophyllum hexandrum, Dactylorhiza hatagirea, 
Nardostachys grandiflora, Taxus buccata, etc. Although 
no formal studies have been made, it is certain that ge¬ 
netic diversity has been reduced in rare faunal species 
like the snow leopard (Panthera uncia), brown bear 
{Ursus arctosisabellinus), musk deer (Moschus chry- 
sogaster), monal pheasant (Lophophorus impejanus), 
Himalayan snowcock (Tetraogallus himalayensis), snow 


patridge (Lerwa lerwa), etc. NDBR also has a great po¬ 
tential for tourism which would help alleviate the eco¬ 
nomic conditions of the tribal population of this region. 
Furthermore, the control of the village resources 
(through village Panchayat forests) in most parts of the 
buffer zone is indeed strong. There is a high degree of 
people’s participation in the community resource man¬ 
agement for biodiversity conservation and economic 
development. Here are some of the largest and best- 
maintained community forests which are the result of 
natural resources conservation on account of ‘Chipko 
movement’ which originated from the buffer zone 
village, i.e. Reni. 

Dependence on natural resources for subsistence re¬ 
quirements existed in this region since time immemorial. 
However, exploiting these resources for cash is a recent 
phenomenon. This might have resulted from increase in 
demand for these resources by bioindustries which 
started extending their product base and marketing op¬ 
portunities using the traditional knowledge-based heal¬ 
ing systems. The conservation priorities in NDBR area 
required changes in natural resource accessibility re¬ 
gimes and reduced the area of accessibility. This re¬ 
sulted in depletion of scarcely available resources at 
faster rates from areas of easy accessibility. Medicinal 
and aromatic plants were among them. Though the 
ecodevelopment component of biosphere management 
action plan attempted to provide alternate economic 
opportunities to mitigate the hardships caused by con¬ 
servation-oriented land use changes, none'of them was 
accepted by indigent people^. 

Medicinal plant cultivation has existed for a long time 
in this region, however, due to increased economic gains 
this practice has become more intensive. Though inten¬ 
sive management tends to bring improvement in yield 
both per plant and per unit area, the prominent crops, 
Allium spp. and M. polyandra, showed that this was not 
true as shown in the present study. Domestication of 
Dactylorrhiza hatagirea, a rare/endangered species of 
the region, indicates that this might be helpful in reduc¬ 
ing pressures in the wild for this species. According to 
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Figure 4. Saussurea costus cultivation in Garpak village in NDBR 
buffer zone. 


the local people, although the endangered species of this 
region could be cultivated, because of lack of sufficient 
market infrastructure for all species, they could not do it 
at present. 

Animal husbandry was the major activity of the peo¬ 
ple for cash income in the region before conservation- 
oriented land use changes occurred. Wool and woollen 
products were used both for exchange or cash from the 
sale to meet family requirements. With altered land use 
in biosphere area, the existing animal husbandry activi¬ 
ties had to be curtailed and thus reduced the cash in¬ 
come. People immediately shifted to medicinal plant 
exploitation though it was banned since 1982 itself from 
the region. The prolonged conflicts and competition for 
economic opportunities encouraged the local people to 
increase the cultivation of Allium spp. which they were 
doing traditionally and bring more species under culti¬ 
vation. Allium spp. still occupies more than 61% of land 
put to medicinal plant cultivation in the area. 

Among the medicinal plants currently under cultiva¬ 
tion, Carum carvi showed highest returns per unit of 
inputs. Even from the financial point of view, this is a 
high value crop and increase in its acreage will increase 
the total return to the people of the region. For common 
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agricultural crop cultivation, the returns per unit of input 
is far below the medicinal plant cultivation in this re¬ 
gion. Thus increasing the acreage for cultivation of me¬ 
dicinal plants would increase the efficiency of the 
resource use and also financial returns. The larger dif¬ 
ference in price of the produce from production site to 
terminal market indicates the scope for increased returns 
to producers through organized marketing of the pro¬ 
duce. As most of the produce are high-value, low- 
volume crops advocated for the region, providing infra¬ 
structure facilities and incentives for such activities is 
felt needed in management action plans to make people 
more friendly with biosphere reserve management 
plans^^. 

The existence of market forces for medicinal plants, 
though, was not mentioned in earlier publications from 
the region, the amount of this material used for bar¬ 
ter/exchange for domestic requirements indicates this 
might be existing for a long time. Our enquiries re¬ 
vealed, though this existed since very long time, it only 
increased with reduction of woollen products, which 
were main products of exchange/barter. Obviously this 
occurred after the area was brought under administered 
conservation programme through National Park decla¬ 
ration and then Biosphere Reserve. The quantity of con¬ 
sumption indicates that domestic consumption could still 
sustain through extraction from wild itself, as could be 
seen for the species that were not under cultivation at 
present such as Aconitum spp., Podophyllum spp., 
Rheum emodi, Picrorrhiza kurrooa, Nardostachys 
grandiflora, Taxus buccata, etc. However, increasing 
demands for these species makes it necessary to start 
their cultivation to meet the growing requirements. The 
areas such as buffer zone villages of NDBR are highly 
prospective for this as these species naturally occur 
here. 

From biosphere management aspect, restoring large 
tracts of degraded lands adjacent to settlements was 
identified as a major action component to reduce peo¬ 
ple’s dependence on forests otherwise needed for wild¬ 
life habitation. However the action plan concentrated 
only on major produce such as fuel, fodder and minor 
timer rather than the economic dependence of people on 
nonwood products from forests. Management attention 
given by local communities towards the lands under 
their control made policy planners to emphasize for 
peoples’ participation for conservation programme im¬ 
plementation in government-controlled areasMedici¬ 
nal plant cultivation on restored lands could be 
encouraged under management action plans to increase 
peoples’ participation and improve economic status 
of local inhabitants. Such a rehabilitation approach 
could integrate the objectives of stabilization of de¬ 
graded slopes, improvement in rural economy and re¬ 
duction of exploitation pressure from natural forests in 
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Himalaya^"^"^^. Conservation education and awareness 
prograname implementation in the management action 
plans need to be given proper attention for reducing 
conflicts^If residents of buffer zone villages of 
NDBR could begin large-scale cultivation of low- 
volume, high-value crops such as medicinal and aro¬ 
matic plants to derive greater economic benefits along 
with improved efficiency of resource use, this might 
lead to reduced dependence on forests for nonwood 
products and reduce illegal poaching activity and thus 
help achieve the objective of conservation of biological 
resources and better management of Nanda Devi Bio¬ 
sphere Reserve. 
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Change in wheat productivity with 
time in long-term experiment 

P. R. Vaishnav, H. M. Bhatt and S. K. Dixit 

Department of Agricultural Statistics, Gujarat Agricultural 
University, Anand 388 110, India 

The use of moving average values reduced the sea¬ 
sonal/irregular fluctuations in the data effectively 
and gave better fit as compared to that of original set 
of data. For wheat crop, various degrees of polyno¬ 
mials with different bases 1/X^'^ and X) ex¬ 

plained the trend in yield due to various treatments. 
Majority of the fitted curves showed initial moderate 
increase, followed by a downward trend in the pro¬ 
ductivity till a later stage. The initial expected pro¬ 
ductivity ranged from 1525 (control) to 2544 kg/ha 
(NsPsKs), The productivity at last point of time 
ranged from 406 (control) to 2908 kg/ha (NsPsKs). In 
the medium black soil of Junagadh, under intensive 
cropping system, NsPsKs treatment was found better 
as compared to rest of the treatments in wheat crop. 

LONG-term field experiments yield information on di¬ 
rect, residual and cumulative effects of fertilizer appli¬ 


cation. Such experiments also help in studying the 
changes in the productivity of the soil over time. 
Though the average performance of the treatment under 
study over time remains an important measure of pro¬ 
ductivity, the change over time in either crop or envi¬ 
ronmental traits or both is the more critical parameter. 
Obviously, an increasing rather than a decreasing pro¬ 
ductivity trend is an important feature of a desirable 
technology. 

More recently, the long-term fertilizer experiments are 
conducted on a crop sequence containing two to three 
crops instead of single crop. The analysis of data is 
usually undertaken for the individual crop in the se¬ 
quence, as no procedure of analysis is available for 
combining different crops in the sequence'. As treatment 
effects are likely to be different on different crops, it is 
difficult to decide weight of one crop equivalent to unit 
weight of other crops. Usual split plot analysis does not 
provide information about the trend of various treat¬ 
ments over a period of time. In all the long-term ex¬ 
periments, time is a quantitative factor, hence, a 
common practice is to partition time into components 
associated with orthogonal polynomials^. In most of the 
cases, a simple linear trend either positive or negative 


CURRENT SCIENCE, VOL. 74, NO. 2, 25 JANUARY 1998 


163 



RESEARCH COMMUNICATIONS 


may be sufficient to describe a long-term trend. How¬ 
ever, in the case where the performance index (yield) 
fluctuates substantially over time, the trend may not be 
easily described. The method of adjustment of such 
fluctuations in statistical analysis can be studied using 
time series analysis. 

The data for the present study was collected from a 
long-term experiment conducted by the Department of 
Agricultural Chemistry in collaboration with the De¬ 
partment of Agronomy, Gujarat Agricultural University 
for the period 1979 to 1992. The crop sequence tried 
was groundnut (kharif) - wheat (rabi) - sorghum 
(summer) as fodder crop at Junagadh. 

The following treatments were imposed on each crop 
of the sequence. 

Control No nutrient (organic or inorganic) application. 
FYMl Application of FYM @25 t/ha to Man/crops 
only every third year, starting from first year 
of experimentation. 

N50 Half dose of nitrogen as recommended for the 
crop under irrigated conditions. 

NP50 Half dose of N and P 2 O 5 as recommended for 
the crop under irrigated conditions. 

NPK50 Half dose of N and P 2 O 5 as recommended for 
the crop under irrigated condition with K 2 O 
application. 

NlOO Full dose of N as recommended for the crop 
under irrigated conditions. 

NPlOO Full dose of N and P 2 O 5 as recommended for 
the crop under irrigated conditions, 

NPKIOO Full dose of N and P 2 O 5 as recommended for 
the crop under irrigated conditions with K 2 O 
application. 

NsPs Application of N and P 2 O 5 as per soil test val¬ 
ues. 

NsPsKs Application of N, P 2 O 5 and K 2 O as per soil 
test values. 

FYM2 Application of FYM @25 t/ha to kharif crops 
every third year, starting from second year of 
experiments. 

FYM3 Application of FYM @25 t/ha to kharif crops 
every third year, starting from third year, of 
experimentation. 

In order to study the trend of wheat productivity under 
intensive cropping system, an attempt has been made 
using curve fitting approach, i.e. by fitting different 
equations (i) using original treatment means, and (ii) 
using three years moving averages so as to partly take 
care of the inter-year fluctuations due to climatic differ¬ 
ences. 

To explore the possibility of identifying the trend 
equations for various treatments over the period of time, 
different equations were tried. The form of these equa¬ 
tions is given in Table 1. 


Table 1. List of equations 


Form of equation 

Equation name 

Y = A + B*X 

Straight line 

Y = B*X 

Line through origin 

Y = A + + C*X 

2nd deg. poly, with X^^-^ as base 

Y = A ■¥ B/x^-^ + ax 

2nd deg. poly, with l/X^’^ as base 

Y = A+B*X+C/X 

Linear and reciprocal 

Y = A&B/X 

Hyperbola 

Y=XI(A*X + B) 

Reciprocal hyperbola 

Y = A+B*X^'^ + 

3rd deg. poly, with as base 

CX+D*X'-^'' 


Y = A+B/X + aX^ 

2nd order hyperbola 

Y = A + B*X + C*X^ 

Parabola 

Y = A+B*X+aX^ 

Mod. parabola 

Y = A + B*X + C*X'^ + D*X'^ 

3rd deg. polynomial 

Y = A + B/X+aX^ + D/X^ 

Reciprocal 3rd deg. polynomial 

y = A + + OX + D/X'-^ 

3rd deg. poly, with as base 

K = A*X® 

Power function 

Y = A*B^ 

Mod. power function 

Y = 

Root function 

y = A*x<®*^> 

Super geometric 

y = A*x'®'^' 

Mod geometric 

K = A*e<®‘’‘> 

Exponential 

y = 

Mod. exponential 

y = A+B*ln(X) 

Logarithmic 

r= 1/(A + B*ln(X)) 

Reciprocal logarithmic 

Y = A*B^*X^ 

Hoerl function 


*X is time. 


Using original treatment means the respective equa¬ 
tions for each treatment for various crops were fitted 
and the best-fitted equation was identified as the one 
having the highest adjusted coefficient of determination 
The adjusted was calculated as 

n-p 

where n is the number of years and p is the number of 
regressors. 

In the second approach taking first year of the ex¬ 
periment as the base year, three years’ moving average 
values of the original treatment means were obtained 
and using these values the best fitted equation was iden¬ 
tified from the equations tried for each treatment of the 
crops under study. The regression coefficients for the 
fitted equations were tested for their significance using t 
test. 

After identifying the best approach for fitting the 
trend equation, the best-fitted equations were used to 
study the trends in yield due to various treatments in 
different crops over a period of time. 

Average productivity over the years for various treat¬ 
ments in different crops under sequence was calculated. 
Expected response at different points of time was calcu¬ 
lated using the best-fitted equations for different treat¬ 
ments for the period under study. For the best-fitted 
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Table 3. Best-fitted trend equation for different treatments in wheat 


Coefficient 


Treatment 

Equation 

A 

B 

c 

D 


Control 

Y = A + BX^-^ + CX+DX'-^ 

1027.14 

1249.51* 

-889.40* 

137.55* 

0.98 

FYM 1 

Y = X/(A*X + B) 

0.0004 

0.0001 

- 

— 

0.69 

FYM 2 

Y = A +BX°-^+ CX + DX''^ 

-2079.70 

6331.93* 

-3104.38* 

477.82* 

0.50 

FYM 3 

Y = A + BX+CX'^ + DX^ 

1681.87 

54.84* 

-32.41* 

2.16* 

0.88 

N50 

Y = A + BX°'^ + CX+DX'-^ 

546.66 

2428.26 

-1514.62 

233.93 

0.99 

NP50 

Y = A + BX!^-^ + CX + DX^'^ 

-569.42 

4451.37* 

-2111.38* 

288.34* 

0.90 

NPK50 

Y=A + BX*CX^ + DX^ 

1606.22 

883.24 

-173.19 

9.17 

oiss 

NlOO 

Y = A + BX°-^ + CX + DX'-^ 

107.18 

2980.98* 

-1830.64* 

291.67* 

0.99 

NPlOO 

y=a + bx°-^ + cx + dx'-^ 

-1277.68 

5584.60* 

-2649.58* 

377.87* 

0.72 

NPKIOO 

Y = A + BX°-^ + CX + DX'-^ 

-3366.14 

■ 9713.22* 

-4315.19* 

582.23* 

0.89 

NsPs 

Y=A + B/x^-^ + ax 

161.99 

6564.41* 

-4264.74* 

- 

0.85 

NsPsKs 

Y = A + BX+CX^ + DX^ 

1711.96 

1005.87* 

-183.07* 

9.23* 

0.91 


^Significant at 5 % level. 


curve, for which the point of maxima/minima could be 
obtained, was estimated as^: Let 7=/(x). Then, 


for the point of maxima : 

II 

O 

O 

V 

1 

for the point of minima : 

11 

O 

V 

p 


The average rate of change between the two points 
(initial to minima/maxima, minima to maxima, maxima 
to last point) was calculated as: 

Y -Y 

Average rate of change =—— 

m-n 

where Y^ = expected productivity at time point 
m, Yn = expected productivity at time point n; 
(m - n)- difference between two time points. 

The trend equations fitted through both the methods 
are presented in Table 2. The results indicated that use 
of moving average reduced the irregular fluctuations in 
the data remarkably and gave better fit as compared to 
the original treatment mean equations. 

The results presented in Table 3 revealed that trend in 
yield due to control treatment could be explained by 
third degree polynomial equation with as base. The 
value of coefficient of determination was 98%, The re¬ 
sults presented in Table 4 indicated that after the initial 
increase at the average rate of 31.36 kg, the crop pro¬ 
ductivity declined at the average rate of 111.86 kg over 
a period of time. 

The results presented in Table 3 revealed that recipro¬ 
cal hyperbola equation approximated the trend in yield 
in case of wheat due to FYMl treatment (/?^ = 0.69). 
Table 4 indicated increasing trend in the productivity at 
the average rate of 60.56 kg for the entire period of 


study. However, the rate of increase in the later stage of 
experimentation was quite negligible. 

The results presented in Table 3 indicated that the 
trend in yield for FYM2 treatment was explained by 
third degree polynomial equation with as base. The 
variation accounted by the best-fitted equation was 50% 
only and all the coefficients were found to be signifi¬ 
cant. Table 4 indicated increase in the productivity at 
the average rate of 257.12 kg in the initial stage, fol¬ 
lowed by decline at the average rate of 60.13 kg. How¬ 
ever, at a later stage, there was an increase in the 
productivity at the average rate of 20.90 kg. 

The results presented in Table 3 revealed that for 
wheat crop, the trend in yield due to FYM3 treatment 
could be approximated by the third degree polynomial 
equation (/?^ = 0.88). The results from Table 4 showed 
decline in the productivity at the average rate of 
72.70 kg up to 9.05 time point, followed by moderate 
increase at the average rate of 58.93 kg at a later stage 
of experimentation. 

The results presented in Table 3 revealed that third 
degree polynomial equation with X^‘^ as base explained 
the trend in yield due to two levels of nitrogen 
= 0.99 for both the levels of N). All the coefficients 
were significant in both the equations. The results pre¬ 
sented in Table 4 indicated similar trend of productivity 
under both the treatments. A marginal increase in the 
productivity in the initial phase (24.19 and 45.42 kg) 
was followed by a rapid decline at the average rate of 
129.83 and 135.25 kg for N50 and NlOO, respectively. 

The results (Table 3) showed that third degree poly¬ 
nomial equation with X^'^ as base was found to be the 
best-fitted equation to explain the trend in yield due to 
application of P in presence of nitrogen at two different 
levels. Whereas for NsPs, the second degree polynomial 
equation with 1/X^'^ as base explained the trend in yield 
effectively. The variation in yield explained by the best- 
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fitted equations for various combinations of N and P 
was 90, 72 and 85% for NP50, NPlOO and NsPs, re¬ 
spectively. From the results (Table 4) it was observed 
that the application of NP50 and NPlOO resulted in an 
initial increase in productivity at the average rate of 
198.75 and 245.85 kg, respectively. This was followed 
by continuous decline in productivity up to the point of 
minima. However, at a later stage in case of NPlOO, the 
average rate of increase in productivity was much higher 
than that of NP50. In case of NsPs, the average rate of 
increase in the initial stage was 328.87 kg, followed by 
continuous decline in the productivity at the average 
rate of 100.36 kg. 

For wheat crop, the trend in yield due to application 
of NPK50 and NsPsKs treatments was explained by 
third degree polynomial equations. While in case of 
NPKIOO, third degree polynomial equation with as 
base was found to be the best-fitted equation. The 
values of coefficient of determination were 88, 89 and 
91% for NPK50, NPKIOO and NsPsKs, respectively. All 
the regression coefficients were significant. Table 3 in¬ 
dicated that there was an increase in the average 
crop productivity at different rates during initial phase 
of experimentation under all the three treatments. This 
was followed by decreasing productivity at almost 
similar rates. Later phase of experimentation indicated 
increase in productivity. However, in case of NPK50, 
the rate of increase in productivity was the highest 
(183.34 kg). 

Thus, from the above results, it could be concluded 
that moving average reduced the irregular fluctuations in 
the data effectively and gave better fit as compared to 
that of original data. Also it was observed that no single 
form of equation could explain the trend in yield due to 
various treatments in wheat crop under the intensive 
cropping system of groundnut-wheat-sorghum. 

The best-fitted equations for various treatments sug¬ 
gested the change in productivity pattern over the period 
of time in case of wheat crop for different treatments at 
Junagadh. The form and the coefficients of the best- 
fitted equations for wheat crop indicated that productiv¬ 
ity trend was affected by various treatments. The initial 
moderate increase in productivity, followed by a down¬ 
ward trend in productivity till a later stage, was charac¬ 
teristic of majority of the curves. Comparison of these 
trends indicated that the application of phosphorus not 
only resulted in higher average productivity but had 
higher average rate of increase in initial and later phase 
of experimentation. The decreasing slope in the middle 
segment of the curve was also relatively low in case of 
NPlOO. Comparison of the trends for the treatments, 
where potash is included in addition to nitrogen and 
phosphorus combination, suggested a positive and ap¬ 
preciable response to potash application. Among the 
combination of N, P and K tried (NPK50, NPKIOO and 
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NsPsKs), the average productivity over the period was a 
little high (2,922 kg/ha) in case of NsPsKs in compari¬ 
son to that of NPKIOO (2,909 kg/ha). However, the 
average rate of increase in the last phase of experimen¬ 
tation was much higher for NsPsKs and resulted in the 
highest expected productivity at the last point of time 
(2,913 kg/ha). For FYMl treatment, the rate of increase 
in productivity was a little higher and was followed by a 
very low increase till the last time point. As far as the 
average productivity over the entire period of experi¬ 
mentation is concerned, NsPsKs ranked first, followed 
by NPKIOO. Thus, in the medium black soil of Junagadh 
under the intensive cropping system, NsPsKs treatment 
was found to be better as compared to rest of the treat¬ 
ments in wheat crop. 

For wheat crop, the recommended dose is NPIOO. 
While comparing the dose with the treatment which 
proved to be superior in this study, it could be noticed 
that supplementary potash to the already existing rec¬ 
ommended dose resulted in higher productivity for 
wheat in the intensive cropping system (groundnut- 


wheat-sorghum) at Junagadh. This clearly suggested 
either the presence of main effect of potash or the pres¬ 
ence of the interactions where potash was involved, or 
both. 

Similar observations were made by Singh and Nam- 
biar"^ in their study on crop productivity under intensive 
use of chemical fertilizer in long term experiments. 
Acharya et al} had also reported that omission of potash 
decreased the crop yield. 
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Characteristics of the 1997 Jabalpur 
earthquake and their bearing on its 
mechanism 

Kusala Rajendran and C. P. Rajendran 

Centre for Earth Science Studies, Trivandrum 695 031, India 

The occurrence of a moderate earthquake near 
Jabalpur is an example of stable continental region 
(SCR) seismicity at lower crustal depths. This event 
is spatially associated with the Narmada-Son linea¬ 
ment, a continental scale structure where at least five 
earthquakes ofM> 5.4 have occurred during this 
century. In comparison to other moderate earth¬ 
quakes in the Indian peninsular shield, the 1997 
event has several peculiarities, including a relatively 
deeper hypocentre, lower level of aftershock activity 
and shorter recurrence period. In this paper, we de¬ 
scribe certain characteristics of this event and pro¬ 
pose a conceptual model to explain its mechanism. 

An earthquake of magnitude Mw 5,8 occurred near 
Jabalpur, central India on 22 May 1997, emphasizing 
the point that many parts of the peninsular shield have 
potential for moderate earthquakes. Unlike the 1993 
Killari earthquake, this one did not occur as a total sur¬ 
prise because the Jabalpur region has experienced pre¬ 
vious seismicity. Its epicentre was located in the ENE- 
WSW trending Narmada-Son lineament, a major fault 
zone in the Indian shield. A Precambrian rift that has 
subsequently been reactivated several times, this fault 


zone (hereafter referred to as the Narmada rift) has 
been the location of moderate earthquakes (i.e. M > 5.0) 
as well as many of smaller magnitude in the past. The 
Son Valley (1927, M 6.5); Satpura (1938, M 6.3); 
Balaghat (1957, M 5.5) and Broach (1970, M 5.4) earth¬ 
quakes are the larger events associated with the rift 
(Figures 1 and 2). 

A look at the spatial distribution of moderate earth¬ 
quakes in peninsular India immediately suggests a rela¬ 
tively higher level of seismicity associated with the 
Narmada rift (Figures 1 and 2). Despite the large di¬ 
mensions and higher level of seismicity associated with 
it, our understanding of the seismogenic character of 
this continental structure remains rudimentary. Since 
most previous events in this region occurred before the 
development of modern instruments, reliable focal pa¬ 
rameters are not available, except for the Broach earth¬ 
quake, The Jabalpur earthquake was well recorded and 
its focal parameters estimated using data from 12 digital 
broad-band stations operated by the India Meteorologi¬ 
cal Department (IMD). Focal parameters have also been 
computed by the Harvard University (HRV) and the US 
Geological Survey (USGS) based on data from global 
stations (Table 1). With well-constrained data on epi- 
central parameters, focal mechanism and aftershock ac¬ 
tivity, we can better explain the earthquake and its 
relation to the Narmada rift. In this paper we present 
some characteristics of the Jabalpur earthquake and dis¬ 
cuss their bearing on its mechanism. 

The most striking difference about the Jabalpur earth¬ 
quake compared to other moderate events in the Indian 
shield is its deep focus. The initial estimates indicated a 
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Figure 1. Distribution of earthquakes A/ > 5 in the Indian peninsular 
shield. Shaded circles denote 150 km radius around Jabalpur and 
Broach. Events of intensity > VII (MM scale) in the vicinity of other 
moderate earthquakes are shown. 


72 76 80 84 BQ'E 



Figure 2. Narmada-Son lineament showing major earthquakes, 
thermal springs and heat values. Orientation of P-axes and focal 
mechanism of Broach and Jabalpur earthquakes are also shown.. 
Original sketch by Ravi Sanker^^. 

focal depth of 32 to 35 km (Table 1). Later analyses of 
waveforms (pP, sP) recorded at teleseismic distances 
have indicated a focal depth of 36 ±4km^ This depth 
makes it one of the deepest earthquakes to have oc- 
curred in the continental shield regions; it also exceeds 
the maximum seismogenic depth of 25 km estimated for 
old cratons^’^. Focal depth of the 1938 Satpura earth¬ 
quake is also reported to be - 40 km, based on instru- 
mentally-recorded data"^. Focal depths of other well- 
documented earthquakes of M> 5.0 in the Indian shield 
indicate an average seismogenic depth of -10 km 
(Table 2) which is comparable to the seismogenic depth 
reported for most other continental regions^. In com- 


Table 1. Epicentral parameters of the 21 May 1997 Jabalpur 
earthquake 


Origin time 

Lati¬ 
tude °N 

Longi¬ 
tude °E 

Depth 

(km) 

Magni¬ 

tude 

Source 

22:51:28.97 

23.17 

80.02 

32.0 

5.7 

uses 

22:51:28.70 

23.04 

80.28 

33.0 

5.8 

HRV 

22:51:30.80 

23.07 

60.06 

35.0 

5.6 

IMD 

Table 2. Parameters of selected earthquakes from peninsular India 

Date 

Location Magnitude Depth 

Ref. 


10 December 1967 

Koyna 

6.3 

4.5 ±1.5 

ISC* 

13 April 1969 

Bhadrachalam 

5.7 

10±3 

Chung“ 

23 March 1970 

Broach 

5.4 

11 ±3 

Chung 

29 September 1993 

Killari 

6.2 

5.0 

HRV** 

22 May 1997 

Jabalpur 

5.8 

32.0 

HRV** 


^International Seismological Centre, 1964-1993. 
^‘'♦Harvard University centroid moment tensor solution. 


parison, the Jabalpur earthquake is significantly deeper. 
If the focal depth of 40 km for the Satpura earthquake is 
acceptable (obviously with a margin of error), it appears 
that earthquake nucieation in the lower crust is not un¬ 
common in the Narmada rift. 

The second notable aspect of the Jabalpur earthquake 
is its limited aftershock activity compared to other mod¬ 
erate events in the Indian shield. Operation of portable 
seismic stations in the area started only three days after 
the main shock and many smaller events that immedi¬ 
ately followed may not have been recorded. However, 
the digital seismic stations at Bilaspur and Bhopal op¬ 
erated by IMD, within a distance of 300 km from 
Jabalpur are capable of recording events of magnitude 

> 1.5. In addition, IMD operated a few local stations 
which recorded nineteen aftershocks during 22 May to 
15 July, Five out of these events were of magnitude 

> 3.0. Seismic stations installed by the National Geo¬ 
physical Research Institute (NGRI) recorded eleven af¬ 
tershocks from 25 May to 4 June, which included eight 
events of magnitude <3.0 and three events of magnitude 

> 3.0 (ref. 5). A review of the aftershock activity until 
15 July based on the above data indicates substantially 
lower level of activity associated with the Jabalpur 
earthquake. This is anomalous, compared to other mod¬ 
erate events in the Indian shield. 

The Bhadrachalam and Killari earthquakes provide 
striking contrasts to the Jabalpur event in terms of their 
abundant aftershock activity. The former, associated 
with the Godavari rift, was followed by significant after¬ 
shock activity. More than sixty-five aftershocks were 
recorded at the Gauribidanur array station within a pe¬ 
riod of 15 days of the main shock^; three of them were 
of M> 4.1, and 12 were of M> 3.1 (ref. 7). The Killari 
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earthquake was also followed by hundreds of after¬ 
shocks out of which 187 were located®. A large number 
of these aftershocks occurred during the first few days 
after the main event. The Koyna earthquake of 1967 was 
also associated with a long aftershock sequence^. Since 
the Koyna earthquake is considered to be induced by the 
reservoir, a comparison may not be appropriate. 

In comparison, the Broach earthquake, which oc¬ 
curred in the western extremity of the Narmada rift was 
followed by fewer aftershocks, analogous to the 
Jabalpur earthquake. Only six aftershocks of M>3.2 
were reported for this event^®. We admit that the picture 
of the aftershock activity may not be accurate because of 
the poor instrumentation at the time of the earthquake. 
Besides, no portable network was installed to monitor 
the aftershock activity. However, the available data from 
distant stations (the nearest being at Colaba at a distance 
of 270 km) and the felt reports do not indicate much 
aftershock activity. 

A third notable feature about the Jabalpur event is its 
association with a structure that has a well-defined geo- 
morphic expression. Although such associations have 
been observed for many other moderate earthquakes 
from the Indian shield, global studies indicate that 
earthquakes in stable continental regions may occur in 
regions with subtle or no clear expression of faulting^ ^ 
The occurrence of Killari earthquake in a region of 
poorly defined geomorphic expressions of faulting may 
be pointed out as a classic example^^. In contrast, the 
Jabalpur earthquake occurred in the Narmada rift, a re¬ 
markably linear structure with distinctive geomorphic 
and tectonic expressions.Tt may also be noted that other 
parts of this structure have generated moderate earth¬ 
quakes in the recent past. Tectonically well-defined 
structures, capable of generating earthquakes over 
shorter intervals are rare in stable shield regions. Nar¬ 
mada rift may be considered as a good example of a 
pronounced tectonic feature with notable seismogenic 
potential. 

The fourth and perhaps the most significant point is 
that the Jabalpur earthquake occurred in a region where 
moderate magnitude historic events have occurred. Two 
historical earthquakes (1846, 1903) of intensity VI are 
reported from this region. This region has also wit¬ 
nessed two other earthquakes during 1927 {M 6.5) and 
1957 (M 5.5). It is important to note that three of these 
events are located within the radius of 150 km (the aver¬ 
age width of the rift) of Jabalpur and the fourth occurred 
just outside (Figure 1). 

The magnitude estimates of the historic events in the 
Jabalpur region have to be considered with caution. For 
example, the magnitude of the 1938 Satpura earthquake 
is reported as 5.5 by Mukherjee"^, and as 6.3 by Guten¬ 
berg and Richter^^. From the descriptions provided by 
these authors, this event appears to be of moderate 


magnitude, but 6.3 may be an upper estimate. The 
magnitude estimate for the 1927 event may not be exact 
either, but from the descriptions, this event also appears 
to be of moderate magnitude. Thus, with some margin of 
errors in the magnitude estimate, it is surmised that 
moderate earthquakes have occurred in the Jabalpur re¬ 
gion in 1927, 1957 and 1997, i.e. at an interval of 35 ± 5 
years. No other region in the Indian shield has generated 
moderate earthquakes over such short intervals of time. 
Considering the rift as a whole, the interval between 
moderate events seems to be still shorter. Earthquakes 
of M > 5.4 have occurred in the Narmada rift during 
1919, 1927, 1938, 1957, 1970 and 1997. Intervals be¬ 
tween these events are 8, 11, 19, 13 and 27 years. Thus, 
the mean interval between moderate events in the region 
works out to be 16 ± 6 years. 

From the above discussion, it can be seen that while 
most other moderate earthquakes in the Indian peninsu¬ 
lar shield have occurred in regions with little or no 
background seismicity, the Narmada rift has been 
showing a higher level of activity. This pattern is in 
sharp contrast to the earthquake cycle at Killari where 
the previous event of similar size is believed to have 
occurred thousands of years ago^^. Interestingly, the 
historic data base^"* indicates that the Broach region in 
the western extremity of the Narmada rift has also been 
the site of historic earthquakes of intensity > VII within 
a distance of 150 km. However, compared to the 
Jabalpur region, these earthquakes are fewer in number 
and smaller in magnitude (Figure 2). None of the other 
sites, with the exception of Koyna, has experienced 
nearby earthquakes of intensity VII or larger during the 
historic past (Figurel). 

The Narmada rift is a well-defined tectonic feature 
that cuts across the Indian peninsula in a ENE-WSW 
direction. Kaila et defined the Narmada-Son 

lineament as a narrow ‘horst crustal block’ bordered by 
deep faults extending to the Moho. Considered as the 
junction of the Bundelkhand block in the north and 
peninsular block in the south, this intracratonic rift is 
believed to have originated during middle to late Ar- 
chaean^*^. Subsequent tectonic events including the Dec- 
can Trap volcanism (60-40 Ma) have led to its 
reactivation and evolution as a persistent zone of weak¬ 
ness. 

Seismically, the Narmada rift is quite active. At least 
30 earthquakes of M > 3.0 have occurred in this region 
since historic times. Two earthquakes of M>6.3 and 
three earthquakes of M > 5.5 have occurred here during 
the last seventy yearsFocal mechanisms are avail¬ 
able only for the Broach and Jabalpur events and they 
suggest fault planes oriented NE to ENE and NW to EW 
(Figures 2 and 3). The ENE-orientation of the Narmada 
rift is an indication that faulting could occur along this 
plane. Field evidences are also in support of the in- 
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volvement of ENE-oriented fault in the Broach and 
Jabalpur earthquakes. For example, the fissures that 
opened during the Broach earthquake were generally 
oriented in ENE-WSW direction^"^. Prominent ground 
cracks associated with the Jabalpur earthquake were also 
oriented in the ENE-WSW direction^. Thus, the geo¬ 
logical and seismological data point to the reactivation 
of original faults that are parallel to the Narmada rift. 

The most striking feature about the Narmada rift is its 
anomalous thermal structure expressed by the numerous 
hot springs and high heat flow within its boundaries. 
Contours of high heat flow (>100mW/m^) follow the 
axis of the ridge, dropping to about 40 mW/m^ on either 
sides of the rift (Figure 2). Even with possible errors in 
the heat flow measurements, this drastic change is sig¬ 
nificant. Ravi Sankar^^ argued that an extensive thermal 
anomaly of this size can be supported only by an active 
source. Since this region has not been the site of recent 
magmatic activity, he attributed the increased heat flow 
to still uncooled plutonic bodies. Based on the thermal 
structure and seismic velocities, he suggested the pres¬ 
ence of an anomalous body at the crust-mantle bound¬ 
ary. Existence of high density material beneath the 
Narmada rift has also been indicated by independent 
analyses of gravity and seismic reflection data^^’^®. A 
recent interpretation of the DSS profile that traverses 
Jabalpur also suggests presence of high-density material 
at shallow depths^V This high density body with deeper 
roots suggests that its origin is related to the rifting 
process. Therefore, it seems plausible that a magmatic 
body that intruded during the last rifting phase still re¬ 
mains as a ‘fossil mantle plume’ at crustal depths 
(Figure 4). 


a Active Continental rift 



^ ^ y y y y ^ y y y y y y y , Central OXiOl intrusions y y y y y y y y y y y y 

yyyyyyyyyyyyyy, yyyyyyyy/yyy 

'■'^-'^^''^yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 
‘'^y'^^'^'yyyyyyyyyyyyyyyyyyyyyyyyyyyyyy/^// 
^^■^^'’''^^yyyyyyyyyyyyyyyyyyyyyyyyyy/yy/yyy 
^'^■'■'^yyyyyyyyyyyyyyyyyyyyyyyyyy^yyyyyy//// 
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Ancient Continental rift 
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Figure 4. Schematic diagram showing development of active conti¬ 
nental rift and later retrogression^”^. Star denotes nucleation of earth¬ 
quakes at lower crustal depth. Note the stress reversals indicated by 
solid arrows. Smaller arrows indicate horizontal deviatoric stresses 
supporting the excess mass. 


Existence of frozen mafic intrusions, referred to as 
‘rift pillows’, is commonly observed in many ancient 
rifts^^. Zoback and Richardson^^ suggested that seis¬ 
micity associated with many continental rift basins may 
be related to buried rift pillows. The frozen excess mass, 
according to them, is supported by the strength of the 
cooled lithosphere, requiring additional compressive 
stresses perpendicular to the rift axis. Stress modifica¬ 
tion due to rift pillows is suggested to be the mechanism 
in Amazonas rift (South America) where two moderate 
earthquakes have occurred at depths of 23 and 45 km. 
The assumption of a rift pillow beneath the Narmada rift 
and the model developed by Zoback and Richardson 
form the basis for the proposed mechanism of the 
Jabalpur earthquake. 

Among the various theories proposed to explain mid¬ 
continent seismicity, reactivation of preexisting zones of 
weakness^"^, stress concentration modeP^ and strain lo¬ 
calization^^ are most widely considered. The zones of 
weakness model proposes that contemporary earthquake 
activity is caused by the reactivation of ancient faults 
and other weak boundaries within the crystalline crust 
which are presently subjected to appropriately-oriented 
regional stress field. Earthquakes occur where local de- 
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viatoric stress (difference between maximum and mini-* 
mum principal stresses) exceeds the threshold for brittle 
failure. The stress concentration theory works on the 
premise that local variations in the strength of the litho¬ 
sphere or unsupported mass variations will perturb the 
ambient stress regime sufficiently so as to trigger earth¬ 
quakes. Strain localization model proposes that sites of 
large intraplate earthquakes are controlled by zones of 
localized strain in the lower crust which concentrate 
stresses in the upper crust. 

It may be realized that no single hypothesis can fully 
account for the occurrence of intraplate seismicity and 
their characteristics in different regions. It is also to be 
noted that the models mentioned above have been based 
mainly on the earthquake processes in the brittle upper 
crust and they may not adequately explain the deeper 
events. Certain elements of these models, in combina¬ 
tion with site-specific characteristics may explain them 
at some locations. We consider the reactivation and 
stress concentration models to explain the mechanism of 
the Jabalpur earthquake. 

Let us consider the reactivation hypothesis. The ENE- 
WSW-oriented boundary faults of the Narmada rift 
provide preexisting zones of weakness that can be reac¬ 
tivated in the present stress field. Originally formed by 
extension and normal faulting, plate driving forces are 
likely to have reversed the stresses in many paleorifts^^. 
Reversal of stresses in ancient rifts is shown schemati¬ 
cally in Figure 4. Although there is an inversion of 
stresses, the preexisting faults continue to remain weak 
and the reactivation can still occur. The mean orienta¬ 
tion of iSHmax (maximum horizontal compressive stress) 
in the Indian shield is roughly N23°E; in the Narmada 
rift it is reported to be nearly N~S (ref. 28). Focal 
mechanisms of both Broach and Jabalpur earthquakes 
indicate reverse faulting on nearly ENE striking fault 
planes. The P-axes of these events are oriented 335.9°N 
and 18 UN respectively, indicating response to com¬ 
pression perpendicular to the axis of the rift (Figure 2). 
A mechanism involving inversion of stresses and failure 
along the ENE fault has been suggested also for the 
Broach earthquake^^. Thus, it appears that both these 
earthquakes have occurred by the reactivation of a major 
preexisting fault zone. 

A major limitation of the reactivation hypothesis is 
that it does not explain the relatively shorter recurrence 
intervals, particularly in the mid-continent regions 
which are characterized by uniform stress and lower 
strain rate^^. Observations using Global Positioning 
System (GPS) studies indicate that the Indian shield has 
been associated with low strain^^ Most faults in penin¬ 
sular India have either remained aseismic during the 
recorded history or they have been reactivated only once 
during the historic or recent times. Prehistoric seismicity 
data are sparse from the Indian shield. Among the vari¬ 


ous earthquake sites in the shield, detailed paleoseis- 
mological investigations have been conducted only at 
Killari^^. The observations at this site indicate recur¬ 
rence interval of the order of tens of thousands of years 
for moderate earthquakes, which is in agreement with 
the low strain rate. The recurrence rate of moderate 
earthquakes in the Narmada rift appears to be anoma¬ 
lous in this regard and it appears that some additional 
forces are required to explain the increased level of 
seismicity associated with the Narmada rift. 

We considered the possible effect of a buried rift pil¬ 
low on the stress field, following the models by Zoback 
and Richardson^^ At this point we have not quantified 
the effect of this body on the stress field, but hypothe¬ 
size that if a rift pillow exists beneath the Narmada rift, 
it must be supported by additional stresses. The maxi¬ 
mum principal stresses in the Indian shield are horizon¬ 
tal and nearly perpendicular to the Narmada rift. Results 
of modelling by Zoback and Richardson^^ suggest that 
the deviatoric stresses that support excess mass occur 
perpendicular to the rift. In the case of Narmada, this is 
roughly north-south, same as the direction of regional 
Thus, the net effect of a buried mass is to amplify 
the horizontal compression (Figure 4). It may be noted 
that the additional stresses are developed at lower crus¬ 
tal depths, where the body is situated. 

If excess mass exists at lower crustal depths in the 
Narmada rift, does it act as a ‘stress concentrator’? The 
stress localization model proposes that crustal inhomo¬ 
geneities with contrasting mechanical properties may 
arrest stresses, leading to differential stresses. A high 
velocity body has been inferred between 23°N and 
23.5°N latitude, close to Jabalpur^^ Origin of the earth¬ 
quake very close to Jabalpur and at a depth of 36 ± 4 km 
makes it reasonable to assume that the excess mass at 
lower crustal depths played a role in its mechanism. It is 
likely that the excess mass acted as a stress concentrator 
and also as a source of additional compressive stresses. 
We believe that the buried rift pillow favours both these 
processes, leading to earthquakes in its close proximity. 

Recurrence of earthquakes over short interval requires 
a mechanism for faster stress buildup. Localization of 
stresses and generation of horizontal deviatoric stresses 
due to the excess mass favour faster stress buildup, in a 
zone of weakness. We believe that the existence of these 
deep boundary faults, together with a buried mass close 
to the crust-mantle boundary are responsible for the 
faster stress buildup and therefore the shorter recurrence 
interval in the Narmada rift. 

The lower crustal focal depth, which is unusual for 
mid-continent regions, is intrinsic in this model. If the 
nucleation of earthquakes is related to the stress pertur¬ 
bation caused by a high density body at lower crustal 
depths, the focal depth of 36 ± 4 km is not difficult to 
explain. It is likely that the earthquake nucleated very 
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close to the crust mantle boundary, where the mantle 
plume is frozen. Occurrence of the 1938 Satpura earth¬ 
quake at comparable depths suggests that Narmada rift 
has demonstrated the potential for deep crustal earth¬ 
quakes in the past. 

As discussed earlier, the limited aftershock activity is 
another peculiarity of the Jabalpur event. Page^^ noted 
that strong earthquakes vary widely in their production 
of aftershocks, particularly as a function of the focal 
depth of the main shock. Thus, shallower events produce 
significantly larger number of aftershocks compared to 
deeper events. We believe that the aftershock produc¬ 
tivity is also related to the nature of the source zone. 
The shallow crustal regions are heterogeneous in terms 
of structural, petrological and mineralogical properties 
as well as frictional characteristics. Due to these inher¬ 
ent heterogeneities, fault structures in the shallow crust 
are complicated, compared to their deeper extensions. 
Consequently, earthquakes that nucleate at shallow 
depths lead to adjustments in a heterogeneous volume 
and generate longer aftershock sequences in comparison 
to the deeper events. 

We relate the limited shorter aftershock activity of the 
Jabalpur earthquake to its deep crustal source. In con¬ 
trast, the intense aftershock activity at a depth of 2-5 km 
following the Killari earthquake® may be considered an 
example of reactivation on a shallow crustal fault origi¬ 
nating in more heterogeneous source zone. The Broach 
earthquake originated at a depth of 11 km, but the avail¬ 
able data suggests a low-level aftershock activity. We do 
not have sufficient data on the aftershock activity 
for other earthquakes in the Narmada rift, but the pat¬ 
terns suggested by the Broach and Jabalpur events indi¬ 
cate lower aftershock activity associated with this 
structure. 

Our synthesis identifies certain unique characteristics 
of the Jabalpur earthquake which have bearing on its 
mechanism. Most importantly, the depth at which it nu¬ 
cleated is rather unusual for cratonic regions. Further, it 
was associated with limited aftershock activity, unlike 
most other moderate earthquakes in peninsular India. 
We believe that these two are interrelated and they re¬ 
flect the unique seismogenic character of the Narmada 
rift. 

Existing models on the mechanism of intraplate seis¬ 
micity have been developed for earthquakes originating 
in the shallow brittle crust. Globally, only a few earth¬ 
quakes have occurred close to the crust-mantle bound¬ 
ary. In the case of Jabalpur earthquake, we favour a 
combination of the reactivation and stress localization 
models. Amplification of horizontal compressive 
stresses due to the effect of a rift pillow is an active 
element in this model. If the failure threshold depends 
only on plate driving forces, the reactivation interval 
may be much longer, but the stress modifications due to 


the rift pillow are superimposed on the regional stress 
field. The net effect is to accelerate the stress buildup, 
reducing the interseismic intervals. At this point, this is 
only a suggestion, which needs to be quantified. We 
plan to extend this study to other deep crustal earth¬ 
quakes to develop more quantitative models. 

Narmada rift is the only active structure in the Indian 
shield where at least five earthquakes of magnitude 
>5.5 have occurred during this century. While earth¬ 
quakes have recurred in some parts of this structure, 
there are segments that have not broken in the historic 
or recent past. Going by the past experience, moderate 
earthquakes can be expected anywhere along this struc¬ 
ture. The seismic hazard associated with this structure 
needs to be reexamined in view of the short period re¬ 
currence of moderate earthquakes. 
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THE Theory of Superconductivity. 
P. W. Anderson. Princeton University 
Press, 41 William Street, Princeton, NJ 
08540, USA. 446 pp. Price: US $49.50. 


The capitalization in the first word of 
the title suggests that the author regards 
one of the biggest current problems in 
physics as solved. The average reader 
will perhaps be surprised, or even star¬ 
tled'. This is of course, vintage Ander¬ 
son, stimulating, designed to stir things 
up and make people think, and often 
rethink things and matters that were 
assumed to be well understood. 

This book arose from a series of lec¬ 
tures given by Anderson, one of the 
great minds in condensed matter phys¬ 
ics, in the Spring Semester 1988 at 
Princeton University, followed by a 
series of preprints. The latter have been 
circulated among a set of physicists 
around the world, working on the ‘hot’ 
problem of high superconductivity 
starting early 1987, and have been in¬ 
fluential in the community, and with the 
publication of this book, these will now 
be widely available. The serious stu¬ 
dents of condensed matter in India will 
benefit greatly from a study of this 
book. 

The book consists of two parts, the 
first is the core of the book and has 
seven chapters where the problem of 
high Tq superconductivity is defined and 
declared to be solved in essence. The 
second part consists of several reprints 
of articles by Anderson and colleagues, 
and the selection here is geared at fill¬ 
ing in the details of the ideas expounded 
in the first part. 

Chapter 2 is in some ways the most 
absorbing part of the book. Here Ander¬ 
son propounds the ‘central dogma’, a 
set of aphoristic sutras, meant to 
‘... limit serious discussion of the 
mechanisms and theories to those which 
(were) are consistent with logic and 
with the overall burden of experimental 
fact, while allowing a great deal of free¬ 
dom in working out specific mecha¬ 
nisms Anderson clarifies that the 
word ‘dogma’ is used not to imply their 
elevated origins, but rather in the sense 
that ‘they are mostly empirical generali¬ 
zations so direct and persuasive that it 


would seem perverse or frivolous to 
ignore them’. Here Anderson is very 
revealing about his own methodology 
when he warns that ‘the students may 
not be familiar with the process of rig¬ 
orous deduction from theoretical con¬ 
cepts combined with a broad range of 
experimental facts...’. This definition 
and usage of physical rigor, as opposed 
to the more conventionally understood 
mathematical rigor somehow seems to 
be the underlying ideology in this book. 
The author often dares to draw conclu¬ 
sions that are suggested by a combina¬ 
tion of several physical indicators, even 
when calculations are less clear cut. In 
an overdetermined system with a large 
number of detailed and excellent ex¬ 
periments to reconcile and integrate, 
such a viewpoint seems eminently prof¬ 
itable. 

The analysis of several normal state 
properties, such as the anisotropic re¬ 
sistivity, Hall angle, optical and infrared 
spectroscopy, angle resolved pho¬ 
toemission studies of the Fermi surface, 
and NMR/neutron scattering studies 
take up the major portion of Chapter 3, 
and are notable for a detailed and in¬ 
sightful look at some of the best ex¬ 
periments and for their theoretical 
implications. 

Chapter 4 discusses some of the 
above experiments in the superconduct¬ 
ing phase, together with the author’s 
views on the symmetry of the order pa¬ 
rameter-he feels this is an over¬ 
emphasized issue in view of the mixing 
of the ^-wave and .y-wave order parame¬ 
ters in the case of an orthorhombic 
crystal group, for YBCO. 

Chapter 5 contains a discussion of the 
1-d Hubbard model. This is one of the 
best known integrable models in con¬ 
densed matter physics, and has attracted 
enormous attention from mathematically 
oriented physicists in the past. This 
chapter contains Anderson’s somewhat 
unique way of thinking about this 
model, and its correlation functions, 
wherein he shows how one can extract 
the non-Fermi liquid behaviour by 
viewing the problem in the framework 
of the infrared catastrophe and Kondo 
problems. 

In chapter 6, the two dimensional 
‘Tomographic Luttinger Liquid’ is dis¬ 


cussed and the author reasons that two 
dimensions is more like one dimension 
than three. Several calculations pre¬ 
sented are in a technical sense non¬ 
persuasive. In the calculations it is ar¬ 
gued that the phase shift at the Fermi 
level is non-zero in two dimensions. It 
is shown to lead to a singular forward 
scattering, and hence a non-Fermi 
liquid. The calculation is done within a 
framework that is not ‘conventional 
many body physics’, since it relies upon 
unusual ways of doing business, such as 
the replacement of interactions by 
changing boundary conditions. 

Chapter 7 contains important conse¬ 
quences of the theory, where the inter¬ 
layer tunneling idea is introduced. The 
experiments, in this aspect, are most 
persuasive in that larger the number of 
layers in a family, the higher the 7^. 
Diagonalizing the one-body operator 
and then turning on interactions, is 
stated to be different from turning on 
one-body hopping connecting two inter¬ 
acting planes. This fundamental ‘non- 
commutativity’ justifies the theory, 
consisting of using a ‘one-body opera¬ 
tor, the hopping across the e-axis' con¬ 
necting two planes, within a gap 
equation formulation as one would a 
two-body operator. 

Many will no doubt complain that 
calculations such as those in chapter 6 
or elsewhere are not readily reproduci¬ 
ble by standard methods. While such 
objections are natural, it seems to me 
that despite these, the book is very 
likely to be the center of attention for 
many years to come. On the one hand, a 
tightly-knit group of physical arguments 
that ‘hang together’ are presented here 
in a cogent and collected form. These 
do form the best possible ‘targets’ for 
detailed analysis or calculations. What 
Anderson has given us is an integrative 
view of a highly complex problem, 
which if not actually providing us with 
a complete solution, at the least sets the 
standard for the breadth of vision re¬ 
quired of other players of the game. 

B. Sriram Shastry 

Department of Physics, 

Indian Institute of Science, 

Bangalore 560 012, India 
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BOOK REVffiWS 


Annual Review of Pharmacology and 
Toxicology 1997. Annual Reviews Inc., 
4139, El Camino Way, Palo Alto, CA 
94303-0139, USA. VoL 37. 571 pp. 
Price: Individuals, US$ 65; Institution, 
US$130. 


Drug discovery in recent years has been 
based on an understanding of molecular 
details of the cellular targets for newly 
identified drugs. This has resulted in 
adoption of the phrase ‘rational drug 
design’ by pharmaceutical companies, 
as opposed to an admission from them 
that, perhaps, earlier drug discovery 
programmes could have been 
‘irrational’ or serendipitous in their 
approach! With the explosion of infor¬ 
mation in recent years resulting from 
molecular biology approaches to under¬ 
standing the mechanisms of cellular 
responses to various hormones, toxins 
and drugs, it has become necessary to 
provide an overview of current trends in 
the area of pharmacology and toxicol¬ 
ogy. This particular Annual Review of 
Pharmacology and Toxicology, 1997, 
could meet the needs of a variety of 
investigators in both academic and 
pharmaceutical environments. Twenty 
chapters on a wide variety of topics 
including the tissue renin-angiotensin 
system, the use of transgenic animals as 
a new approach in pharmacology, farne- 
syltransferase inhibitors, as cancer che- 
motherapeutics, and the pharmacology 
of neurotrophic factors provide a broad 
and detailed description of current areas 
of research. Perhaps a major disap¬ 
pointment in the volume, however, is 
that many of the chapters are extensive 
descriptions covering practically all the 
recent developments in a particular area, 
with only a few lines indicating future 
trends in a broad perspective. Perhaps 
this is the role that the Annual Reviews 
Inc, sees for itself, with the explosion of 
information available in every field 
nowadays. 

The detailed characterization of 
receptors and subsequent signal trans¬ 
duction pathways has allowed pharma¬ 
cology to proceed to analysis of drug 
action at the molecular level. The im¬ 
portance of obtaining crystal structures 
of various components in any signalling 
pathways cannot be overemphasized, 
and information obtained Ifom the 
structures of a number of receptors, 


kinases, docking molecules and en¬ 
zymes has allowed the investigator to 
design molecules that could interact 
with active sites of these molecules. The 
article on ‘Structure based drug design’, 
by McCammon and others concisely 
summarizes the computational advances 
that have been made in the areas of 
molecular visualization, molecular 
modelling, docking, 3-D database tech¬ 
niques and free-energy perturbation. A 
number of instructive examples have 
been provided where structure-based 
design has been used for compounds of 
pharmacological interest, and include 
the design of inhibitors for HIV prote¬ 
ase, possible new inhibitors for 
thymidylate synthase, acetylcholines¬ 
terase and elastase. The chapter is a 
very good introduction to the power of 
computational methods in the analysis 
of 3-D structures and the ability to de¬ 
sign new molecules utilizing structural 
information, and highlights areas of 
future development in ‘computational 
alchemy’. 

As mentioned earlier, pharmacologi¬ 
cal studies in recent years utilize infor¬ 
mation obtained from the molecular 
characterization of receptors and ion 
channels, as well as down-stream effec¬ 
tors of a signal transduction pathway. 
Three chapters on G protein 
subunits, metabotrophic glutamate re¬ 
ceptors and the structure and function of 
the adrenergic receptor provide up- 
to-date information on current thinking 
arising out of studies on these model 
systems using molecular biological and 
structural approaches. Eva Neer has 
contributed significantly to the realiza¬ 
tion that the fiy subunits of G proteins 
themselves act in regulating a variety of 
cellular responses. The article describes 
the various downstream effectors, which 
are regulated by the ^y subunits which 
include the potassium channel, phos¬ 
pholipases, adenylyl cyclases, tyrosine 
kinases and Ras. The crystal structures 
of the trimeric Ga^y subunits described 
this year will now direct investigators 
towards studies on structure-function 
relationships, though it must be men¬ 
tioned that a number of earlier studies 
through site-directed mutagenesis, have 
already provided valuable information 
which can now be looked at in struc¬ 
tural detail. 

Glutamate receptors were initially 
characterized as ligand-gated cation 


channels, but in recent years, a number 
of receptors for glutamate have been 
identified that mediate their action 
through G-proteins. The article by Conn 
and Pin summarizes recent information 
on the cloning and characterization of 
genes for a number of metabotropic 
glutamate receptors and their splice 
variants. Emphasis is also placed on the 
discovery of agonists and antagonists 
with receptor subtype specificity, 
opening up the possibility of using some 
of these compounds as drugs in regulat¬ 
ing glutamate receptor activity in the 
brain. Studies have been carried out in 
rats using both agonists and antagonists 
to investigate the role of these receptors 
in inducing limbic convulsions in rats, 
and in the regulation of hypertension, 
providing promising leads in the treat¬ 
ment of similar disorders in the human. 

While pharmacology is able to ana¬ 
lyse the actions of drugs at the molecu¬ 
lar level, toxicology is still largely 
dependent on performing experiments in 
whole animals and deriving somewhat 
empirical conclusions. There is a con¬ 
trast, therefore, in the detail provided in 
chapters devoted to the toxicology of 
environmental tobacco smoke, medica¬ 
tion compliance as a feature in drug 
development and perfusion injury after 
liver preservation for transplantation. 
For the general reader, however, these 
chapters are interesting. If a smoker 
were to read the chapter by Witschi 
et al. on the effects of smoke on the 
developing foetus and new born babies, 
just by the mother inhaling sidestream 
smoke, surely a change in smoking 
habits would take place! The whole 
scenario seems to be one of deriving a 
transient and personal pleasure at the 
expense of a possibly penalty on a to¬ 
tally innocent party! 

The human genome sequencing proj¬ 
ect has the potential to revolutionize the 
method and practice of science, if tools 
are available to sift through the data that 
are likely to be spewed out! Therefore, 
an article by Meyer and Zanger on the 
molecular mechanisms of genetic poly¬ 
morphism of drug metabolism is inter¬ 
esting in that it initiates thoughts on 
including genetic screens to test the 
efficacy of drugs in different popula¬ 
tions. It was interesting to read that 
certain polymorphisms have been 
identified in drug-metabolizing en¬ 
zymes, such as cytochrome P450 genes 
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and TV^-acetyltransferase genes, which 
occur in a relatively high frequency, and 
simple DNA tests are available to pre¬ 
dict the phenotype. Could this be the 
advent of drug therapy only after 
studying the individual's genetic back¬ 
ground? Would this provide greater 
efficacy and fewer complications result¬ 
ing from drug toxicity? The future 
beckons us all. 

But the past must and will continue to 
influence the present. The first, and 
usual article in the Annual Reviews, is 
written by a leader in the field and this 
particular volume begins with the 
reminiscences of Avram Goldstein, 
whose contributions span the realms of 
pharmacology and biochemistry. The 
account is a very personal glimpse of 


the scientific life of Goldstein, touching 
on anti-Semitism feelings that were 
rampant in the US in the 1940s, his 
establishing the Department of Pharma¬ 
cology at Stanford, his productive sci¬ 
entific collaboration with his wife of 50 
years, Dora Benedict, and his interac¬ 
tion with industries in California, He 
hints at the changes that have occurred 
in pharmacology in recent years, espe¬ 
cially the emphasis being given in 
teaching programmes to applications of 
molecular biology, with a consequent 
decline in the importance being placed 
in bioassays, dose-response relation¬ 
ships, spare receptor theory and other 
aspects considered an integral part of 
pharmacology. Goldstein warns against 
this trend and urges current pharmacol¬ 


ogy departments to have a more classi¬ 
cal approach to the discipline of drug 
action. While we hear pleas these days 
that science now should be holistic in 
its practice and cross barriers of indi¬ 
vidual disciplines, Goldstein’s warning 
that such ideas may dilute and eventu¬ 
ally abolish specialists in a particular 
field, should be considered with due 
respect. 


Sandhya S. Visweswariah 


Department of Molecular Reproduction, 
Development and Genetics, 

Indian Institute of Science, 

Bangalore 560 012, India 


MEETINGS/SYMPOSIA/SEMINARS 


XXVI International Ethological Conference 

Date: 2-9 August 1999 
Place: Bangalore 

The International Ethological Conferences have been, so far held only in European and 
American Universities with the exception of Kyoto, Japan in 1991. The main factors include 
the scientific programme and other discussions. 

Suggestions are invited for good scientific programmes. 

Contact: Ms Shakunthala Sridhara 

Secretary, General XXVI lEC 
Ethological Society of India 
University of Agricultural Sciences 
Department of Vertebrate Biology 
GKVK, Bangalore 560 065, India 
Fax: 91-080-3330277,91-080-3339998 

Ph: 91-080-3330153, Extn. 366; 

91-080-3339998 
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PERSONAL NEWS 


Putcha Venkateswarlu - An obituary 


Putcha Venkateswarlu (Department of 
Physics, Alabama A&M University) 
passed away on 8 August 1997 in 
Huntsville. 

Venkateswarlu joined the Alabama 
A&M University in 1982, soon after his 
retirement from IIT, Kanpur and built 
an active school of research in lasers 
and spectroscopy, atomic, molecular 
and- solid state physics, nonlinear optics 
and magnetic resonance. He was asso¬ 
ciated with some of the renowned spec- 
troscopists over the last 50 years; his 
contributions during his post-doctoral 
research abroad and his faculty posi¬ 
tions in Aligarh Muslim University and 
Indian Institute of Technology, Kanpur 
left an everlasting impression on the 
growth of spectroscopic research in 
India and abroad. 

Putcha Venkateswarlu hails from 
Andhra Pradesh. He was born in Danta- 
loor and had his early education up to 
B Sc in A.C. College, Guntur. He then 
went to Banaras Hindu University for 
his M Sc, and on its completion, he 
joined R. K. Asundi for his D Sc. As a 
Research Scholar, he made notable 
contributions to our understanding of 
the diffuse and continuous bands of 
halogens. This not only earned him the 
D Sc of Banaras Hindu University in 
1947 but also attracted the attention of 
the doyen of spectroscopists, R. S. 
Mulliken who considered his work on 
halogens was significant and offered 
him a post-doctoral Felloship to work in 
his laboratories in Chicago. It was dur¬ 
ing this tenure that Venkateswarlu dis¬ 
covered the first triatomic free radical 
CF 2 . This is an important contribution 
as it ushered in the spectroscopy of free 
radicals. Venkateswarlu later spent a 
year in Herzberg’s laboratories in 
Ottawa where he investigated the infra¬ 
red spectra of CH 3 CN and CH 3 CCI for 
the first time and analysed their vibra¬ 
tion-rotation bands. He later continued 
his infrared studies at MIT along with 
R. C. Lord on molecules, allene and 
propylene. During his studies of infra¬ 
red spectra, he found that of all mole¬ 
cules belonging to different point 
groups which do not have dipole mo¬ 


ment in their ground states, only those 
of D 2 d and Tj point groups do not have 
centre of symmetry. From group theo¬ 
retical considerations, he along with 
Mizushima showed that molecules like 
CH 4 possess non-vanishing dipole mo¬ 
ment in the excited states of Tj and D 2 ti 
type molecules. Indeed after the advent 
of laser spectroscopy using resonance 
techniques, Luntz & Brewer and Curl & 
Oka confirmed the above prediction and 
measured the dipole moment of CH 4 and 
the microwave transition in the excited 
F 2 stale. 



Venkateswarlu got interested in mi¬ 
crowave spectroscopy and had gone 
over to Duke University to collaborate 
with W. Gordy. Here he spent the next 
two years, 1952-54, on deriving mo¬ 
lecular structures from microwave 
spectra and obtaining useful information 
on 1 -type doubling in molecules. 

Thus nearly after a decade of intense 
research activity, he returned to India in 
1954 and joined the Physics Department 
of Aligarh Muslim University (AMU). 
During 1934-39, R. Samuel and R. K. 
Asundi built an active school of optical 
spectroscopy in AMU and this greatly 
facilitated Venkateswarlu to revive the 
research activity. Further, he initiated 
research in microwave and resonance 
spectroscopies (NMR and ESR). In 
1961, an Indian Institute of Technology 
was started in Kanpur and Venkates¬ 
warlu was invited to join and organize 
the Physics Department. The IIT had the 
support of the American consortium of 


universities and this provided an excel¬ 
lent opportunity for Venkateswarlu to 
work in EPR and crystal spectra and the 
newly-emerging areas of laser spectros¬ 
copy and nonlinear optics. He made 
extensive contributions to application of 
EPR to a variety of problems in solid 
state physics. One of his recent studies 
relate to the mechanism of hologram 
formation in photo-refractive crystals. 
Using EPR, he demonstrated some 
photo-induced electron transfer proc¬ 
esses. Using these results, he proposed a 
new model for photorefraction in Ba- 
Ti 03 type of crystals. During his last 
year, he gave an invited talk at the In¬ 
ternational Conference on Spectros¬ 
copy-Perspectives and Frontiers, in 
Bombay on ‘Lasing of polymer micro¬ 
spheres doped with laser dyes’. 

Venkateswarlu was Fellow of several 
physical societies and academies in In¬ 
dia and abroad. He was elected to tlie 
Indian Academy of Sciences in 1957 
and to the Indian National Science 
Academy in 1970. He was awarded the 
C. V. Raman centenary medal in 1988. 
He participated in several international 
conferences in spectroscopy, optics and 
lasers. He published extensively and 
lectured at various universities. During 
his tenure at IIT, Kanpur he visited for 
brief periods the National Research 
Council’s Laboratories in Ottawa 
University of British Columbia, in Can¬ 
ada and University of California in 
Santa Barbara and used the opportunity 
to obtain spectra under higher resolu¬ 
tion. Nearly 50 graduate students 
obtained Ph D under his guidance and 
a majority of them now occupy 
senior academic positions in India and 
abroad. 

Putcha Venkateswarlu was a dedi¬ 
cated research scientist, an affectionate 
teacher and a sincere friend, Students 
were his family and the laboratory was 
his home. 

N. A. Narasimham 


18, Saras Bang, Deonar, 
Bombay 400 088, India 
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GOVERNMENT OF INDIA 

Ministry of Heaith & F.W., Department of Health, NIrman Bhawan, New Delhi. 

F. No. L. 19015/53/97-1H (Pt.): 19 November 1997 

OFFICE MEMORANDUM 

Subject: Guidelines for exchange of human biological material for biomedical research purposes 

The Ministry of Health & F.W. issued an Office Memorandum No. L. 20025/90/90-F, dated 27 February 
1992, which permitted the restricted transfer of biological material abroad under certain circumstances 
for research/diagnostic purposes. The OM also indicated that the Director-General, ICMR, would be the 
nodal point to clear all such proposals. 

2. The need for revised/expanded guidelines has been felt over the past two years. Accordingly, the 
I Ministry of Health & F. W. has taken necessary steps in this regard. 

3. The revised guidelines in respect of HUMAN BIOLOGICAL MATERIAL, in supersession of this 
Ministry’s Office Memorandum No. L. 20025/90/90-F, dated 27 February 1992 are prescribed as under: 

I. Definition 

Human material with potential for use in the biomedical research: Organs and parts of organs; Cell and 
tissue. Sub-cellular structures and cell products; Blood; Gametes (sperm and ova); Embryos and foetal 
tissue; Wastes (urine, faeces, sweat, hair, epthelial scales, nail clippings, placenta, etc.); Cell lines from 
human tissues; 

The sources of these materials could be from patients following diagnostic or therapeutic procedures 
autopsy specimens, donations of organs or tissue from living or dead persons, foetal tissues, body 
wastes or abandoned tissue. Human material could also.be held in tissue banks and used for research. 

II. Transfer 

Guidelines for considering requests for transfer of biological materia! abroad for research/diagnostic 

purposes and requests for transfer of biological material from abroad to Indian institutions for research 
purposes: 

(i) Exchange of material for diagnostic or therapeutic purposes for individual cases may be done 
without restriction, if this exchange is considered necessary by the doctor(s) in charge of the patient No 
permission needs to be sought from any authority for this purpose. 

(ii) Exchange of material from and to recognized laboratories such as WHO Collaborating Centres or 

WHO Reference Centres may be allowed as part of their routine activities relating to quality control 
quality assurance, comparison with reference material, etc., without having to seek permission from anv 
authority. ^ 

(iii) Where exchange of material is envisaged as part of a collaborative research project, the project 
proposal as a whole must be routed through the appropriate authorities (details under ‘III’ below) for 
evaluation and clearance. The exchange of human materials should be an integral part of a 
collaborative project, which should have been approved by the Institutional Review and Ethics 
Committee, and not be a separate activity. 

(iv) The availability of facilities within India for carrying out certain investigations need not prevent 
collaboration with scientists in other countries for the same investigations, including transfer of human 
material, if required. 

(v) On the issue of technology transfer/training of Indian scientists abroad/training of foreign 
scientists and students in India, and visits by the foreign collaborators to their Indian partners’ 
laboratories to work with Indian material, there should be no restrictions on the visits of scientists to the 
laboratories concerned. However, any field work to be undertaken in the community and other sensitive 
issues would have to be regulated according to the rules of the Government. 
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(vi) In order to protect the rights of the Indian study subjects as weli as indian scientists/ 
organizations, Memoranda of Understanding and/or Agreements on Material Transfer should be entered 
into between the coliaborating partners (indian and foreign). These should, according to the 
requirements of case under consideration, include items pertaining to identification of collaborating or 
sending/receiving parties, background, the material to be transferred and its quantities, purpose of 
transfer, the research to be carried out using the material, confidentiality, inteliectual property rights, 
filing of patents, arrangements for future commercial exploitation, reporting, publication rights, 
indemnification, termination of agreement, assignation or transfer of agreement/rights, safety norms to 
be observed, shipping arrangements, ‘qualified user’ information, and any other matter that may be 
relevant to the particular exchange of material. 

III. Mechanism 

Mechanism for processing requests for transfer of biological material abroad for research/diagnostic 
purposes: 

(i) Agencies and Departments such as ICMR, CSIR, ICAR, Department of Biotechnology and 
Department of Science and Technology could make use of these guidelines and take decisions 
accordingly on the requests from their respective institutions. 

(ii) The Director-General of Health Services/Ministry of Health & F.W. could utilize the guidelines and 
take decisions on the requests from the DGHS/Health & F.W. Ministry administered institutions, as also 
on referrals, if any, from any other government/agency/department not covered under (i) above. 

(iii) Autonomous Institutions and Institutions of National Stature such as PGIMER, Chandigarh; 
AIIMS, New Delhi; Sree Chitra Tirunal Institute of Medical Sciences & Techniogy, Thiruvananthapuram; 
and Sanjay Gandhi Post-Graduate Institute of Medical Sciences, Lucknow, and similar institutions of 
national stature, could be empowered to take decisions on their in-house proposals for foreign 
collaboration, by following the guidelines. 

(vi) Private institutions engaging in collaboration directly with foreign institutions should send their 
requests to ICMR. If, however, they are also collaborating with an Indian institution as part of the 
collaborative programme with a foreign institution (for example, between a private institution and a 
CSIR laboratory collaborating with a foreign institution), then the appropriate central agency (CSIR in 
the example cited) may decide on the request according to all relevant guidelines. 

(v) Biomedical research project proposals for foreign collaboration from medical colleges, universities 
and institutions under the UGC may be routed through ICMR. 

(vi) State Health authorities may take the decision in respect of institutions under their administrative 
control. 

(vii) All foreign collaborative projects in biomedical research (after scrutiny and decision by the 
respective agencies/Departments as described above from (i) to (vi) are to be placed before the Health 
Ministry Screening Committee (HMSC) for final endorsement. This would mean that all institutions, 
agencies and departments would have to send their proposals to the ICMR for obtaining such 
endorsement by the HMSC, as ICMR is the Secretariat for the HMSC at present. 

(viii) It is essential for information to be available in a central location. This could be the Secretariat 
of the HMSC, i.e. the ICMR Headquarters. 

IV. Exchange of biological material for commercial purposes 

Guidelines for Exchange of Biological material for Commercial purposes: 

The ICMR has been advised to set up a Committee consisting of experts from relevant fields for 
deciding each proposal on a case-by-case basis and to furnish their views to the Government for 
consideration. The Committee, in addition to biologicai material, will also consider proposals involving 
transfer of medicinal plants and biological molecules developed in the laboratories, after seeking inputs 
from the relevant experts, if such transfer is for commercial purposes and a proposal in this regard is 
received from the Foreign Investment Promotion Board (FIPB). A minimum of three months’ time would 
be required to process the FIPB proposals. 

sd. (Ashok Mehta) 

Under Secretary to the Govt, of India. 
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Earthquake hazard 

Earthquakes caused more than 70,000 
death in India since the beginning 
of its recorded history. The Himalaya 
mountain is particularly vulnerable 
to high seismicity; so is the vast 
stretch of the plains fronting the 
mountain arcs where more than 40% 
of the Indian population lives. The 
1897 Meghalaya earthquake laid 
waste 3,80,000 km^ area and killed 
more than 1600 people in that 
sparsely populated region. The 1905 
Kangra event caused more than 
19,000 deaths. The devastating 1991 
Uttarkashi earthquake in a seismically 
‘quiet’ central sector is fresh in our 
memory. Recent earthquakes in the 
Latur (1993) and Jabalpur (1996) 
areas in the heart of the ‘stable’ 
Peninsular Indian Shield, where strain 
is accumulating but at an extremely 
slow rate (nearly 0.01 jistrain/year 
compared to more than 0.5 |LLstoin/ 
year in the Himalaya), have forced 
us to take stock of the situation 
afresh and evolve appropriate strategy 
for coping with the hazard. With this 
aim in mind, the Wadia Institute of 
Himalayan Geology organized a 
two-day Indo-US Workshop on 
Palaeoseismicity with Special Refe¬ 
rence to Seismic Hazard in the 
Himalaya, on March 27 and 28, 1997. 
Two of the papers presented (Bilham 
et al. and Yeats and Thakur) appear 
in this issue. 

Earthquakes occur when the crust 
ruptures and the broken blocks slip 
past one another or move sideways 
or up-and-down along faults. It is, 
therefore, critical to identify and 
delineate faults that have been active 
in the geologically recent past or 
are currently active as manifest in 
imperceptibly slow movements 
(creep), dislocation of rivers and 
lake-deposits, disruption of drainage, 
modification of landform, etc. 
Micro-seismicity delineates zones of 
continuing movement underground. 
Global Positioning System (GPS) 
geodesy now provides a very 
powerful and precise method of 
measuring rates of movements on 


active faults and estimating continu¬ 
ing strain buildup. Present polar 
motions are measured daily by 
continuous GPS receivers located at 
Bangalore (in the Indian Institute of 
Science campus) and in Asia to 
mm/year precision. Roger Bilham et 
al (page 213) demonstrate that the 
Indian plate is converging towards 
Asia at the rate of 58 ± 4 mm/year, 
it has advanced beneath Tibet across 
the Nepal Himalaya at the maximum 
rate of 17.7 ± 2 mm/year and is caus¬ 
ing crustal shortening and resultant 
uplift at the rate of 5 to 8 mm/year. 
There is a slip deficit of 13 ±8 mm/ 
year beneath the Nepal Himalaya, 
this being converted into elastic 
strain which generates earthquakes. 
Since moderate earthquakes do not 
occur sufficiently frequently to 
accommodate the observed conver¬ 
gence of India and Asia, there is 
progressive buildup in what are rec¬ 
ognized as seismic gaps - where the 
crust is locked to its base. It is the 
great earthquakes (of magnitude 
M>8) that can adequately relax the 
accumulated strain. The identified 
seismic gaps are thus sites of future 
earthquakes of great magnitude. 
Bilham et al show that nearly 80% 
of the convergence field is confined 
to a narrow belt no more than 100 
km wide, and that 50% of the field 
has within a 50 km wide zone despite 
the surface strain extending 200 km 
from the Great Himalaya (Himadri). 
In this narrow belt of deformation 
and maximal strain accumulation and 
faster uplift rate (7 ± 3 mm/year) 
there is transition between the Indian 
plate sliding under Tibet and it being 
stuck or locked. It is at a depth 
between 15 km and 25 km. It is this 
narrow transition zone where inten¬ 
sive seismological studies need to be 
focused, for it is the locked part 
where strain is progressively building 
up and which will eventually be 
relaxed by earthquakes whose mag¬ 
nitude cannot be less than M8. 

It may be mentioned that even 
where creep is taking place, earth¬ 
quakes would occur; the creeps delay 
the occurrence of earthquakes but do 


not prevent them from happening. 
The frequent occurrence of moderate 
events would thus increase the time 
between great events by reducing the 
amount of slip. 

Assessing the seismic hazards in 
the zones of tectonic boundaries 
between Himalaya and Indian shield 
and between Great Himalaya and 
Lesser Himalaya, R. S. Yeats and 
V. C, Thakur (page 230) demonstrate 
that beneath the Great Himalaya 
(Himadri) where the gently dipping 
(6 ± 3°N) plain of detachment (MHT) 
steepens to 10''~25°N in a sort of 
ramp, the seismicity is very high. 
Here the axial surface of the 
fault-bend fold - a sharp kink - is 
active at crustal scale, so that the 
uplift rate is higher and occurrence 
of intermediate-size earthquakes quite 
frequent. These add to the strain on 
the flat (of the MHT) to the south 
which is completely locked and thus 
trigger slip which ruptures all the 
way to the Himalayan front. The flat 
plane (of MHT) ends up in a series 
of fault propagation folds (described 
as Himalayan Front Fault), where the 
seismicity is quite high. 

The central seismic gap between 
the 1934 Bihar-Nepal earthquake and 
the 1905 Kangra event was struck 
by earthquakes in 1803, 1810, 1826, 
1833 and 1866, but they could not 
release the accumulated strain. There 
will be more earthquakes of M > 8 
in the near future in the seismic gap 
embracing eastern Himachal, 
Kumaun and Western Nepal, assert 
Yeats and Thakur. The Jammu gap 
west of the Kangra event, is equally 
vulnerable to a mega event, for this 
sector has not been ruptured by great 
earthquakes since the AD 25 Taxila 
event. 

Needless to state, there is an 
urgency in carrying out neotectonic- 
palaeoseismic studies to determine 
the recurrence intervals and in 
establishing GPS arrays in the 
seismic gaps to measure strain 
buildup and slip rates. 


K. S. Valdiya 
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DPT and poliomyelitis in developing countries 


In the September 1997 issue of Current 
Science, Wyatt has expressed his opinion 
that the immunization policies of the 
World Health Organization (WHO) which 
had not been prepared with due attention 
paid to potential but known adverse 
reactions and their mindless adoption into 
immunization practices by the Ministry 
of Health and Family Welfare (MoHFW) 
of India, had contributed to the develop¬ 
ment of paralytic poliomyelitis in large 
numbers of children during the decade 
of the 1980s (ref. 1). Fie recommended 
that ‘we must face unpleasant facts and 
report them honestly, not only because 
this is right and ethical, but also to 
prevent future misfortunes’'. This is very 
courageous and candid advice, especially 
coming from a western expert. 

India had been badly misled and had 
committed ‘Himalayan’ blunders regard¬ 
ing the immunization, prevention and con¬ 
trol of poliomyelitis'^"'^. Policies made in 
Geneva are not always technically the 
best suited for our needs or circumstances, 
nor necessarily in our best interests. This 
is not to belittle or underestimate the 
great role the WHO has played for the 
improvement of the health of humankind. 
However, in some instances the WHO 
experts took observations from one situ¬ 
ation, often iTom the West, and evolved 
policies for India and other developing 
countries, assuming that the same would 
apply equally well everywhere. Where 
there was dissenting opinion regarding 
the validity of ‘one policy for all coun¬ 
tries’, based on locally documented 
observations, the WHO experts did not 
examine the basis of the dissension, but 
ignored the caution and misled countries 
such as India. No one had been bold 
enough in the past to point this out. That 
is why I believe that Wyatt has been 
courageous to open up this unsavoury 
aspect of contemporary public health 


history. Wyatt found it ‘difficult to 
understand how papers published in 
Indian journals have been so completely 
forgotten’*; in reality they were not for¬ 
gotten, but were ignored because they 
contradicted WHO policy. So far the error 
could be considered as genuine, attributing 
more authority and less knowledge and 
wisdom to the WHO experts. Flowever, 
if they have used their authority and 
influence on the officials of India’s 
MoHFW to prevent them from objectively 
examining the issues and suitably modi¬ 
fying the policies, thereby causing injury 
and injustice to our children, then the 
mistake takes a more serious turn. The 
Government of India must investigate this 
question if we take Wyatt’s advice 
seriously. Did the experts consider their 
prestige more important than the lives of 
our children? 

Prior to the launch of the Expanded 
Program on Immunization (EPI) of the 
WHO in 1974, a series of careful inves¬ 
tigations initiated at the request of, and 
financially supported by, the WHO, had 
clearly shown that in India three doses 
of oral poliovaccine (OPV) were inade¬ 
quate to achieve optimum vaccine efficacy 
(VE), which is the pre-requisite for pre¬ 
dictable personal protection and for the 
control and eventual elimination of 
poliomyelitis in the country^""'*. The WHO 
experts were fully aware of the data 
through the submitted research reports 
and through the papers published in Indian 
and American journals^"‘^ In order to 
uphold scientific principles, all the WHO 
had to do was to simply acknowledge 
that there are ‘geographic’ variations in 
VE and to allow flexibility and freedom 
for countries such as India to understand 
that the WHO policy of primary immu¬ 
nization with three doses of OPV was 
only a guideline and the minimum, rather 
than as a rigid rule upon which the 


reputation of their experts depended. To 
compound the error, the WHO maintained 
that 85% immunization coverage was suf¬ 
ficient, condemning 15% to deliberate 
non-immunization. These policy errors 
were, among others, two important 
reasons why the intensity of transmission 
of polioviruses continued for over a 
decade even after launching the EPI, thus 
contributing to ‘provocation’ and ‘aggra¬ 
vation’ poliomyelitis when intramuscular 
injections including vaccines were given. 
Only after the arbitrary target of 85% 
was removed and consequently coverage 
surpassed 90%, did the reported numbers 
of polio cases begin to decline, from 
1989, 12 years after commencing EPI^. 
Wyatt’s main point is about the lack of 
recognition (by the experts of WHO and 
MoHFW) of the risk and probability of 
paralytic polio in children due to ‘pro¬ 
vocation’ and ‘aggravation’ by intra¬ 
muscular injections, particularly with 
the diphtheria-pertussis-tetanus vaccine 
(DPT). That the families who obeyed the 
MoHFW directive and brought their chil¬ 
dren for immunization were put at risk 
is a serious issue in ethics, particularly 
when we realize that the inadequacy of 
three doses of OPV and the risk of 
provocation of polio by injections were 
well-known facts which had been 
ignored'’^’'” 

The need to find a way to obtain 
optimum VE of OPV was urgent in India 
before the establishment of EPI in 1977. 
By continuing the WHO-initiated inves¬ 
tigations, a simple and eminently practical 
solution was found by way of giving five 
doses of OPV during infancy**’*'^. This 
recommendation was not accepted by the 
MoHFW when it launched the EPI in 
India, presumably on the insistence of 
the WHO experts. When a ‘fully immu¬ 
nized’ child later develops polio, it is 
called ‘vaccine failure’'*^. Only by WHO 
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and MoHFW definitions but not by sci¬ 
entific evidence, is a three-dose OPV 
recipient considered ‘fully immunized’ in 
India and many tropical and subtropical 
developing countries. The world’s first 
cases of ‘vaccine failure’ polio cases had 
been described in India in 1972, even 
before the launching of the global EPI^*^. 
During the decade of 1980s, an estimated 
one million children have developed ‘vac¬ 
cine failure’ polio in our country as a 
result of the strict restriction to three 
doses of OPV. Once again, those who 
trusted the government programme were 
the ones who were misled. In private 
practice, the five-dose idea caught on 
rapidly, and the Indian Academy of 
Paediatrics endorsed it; yet, the govern¬ 
ment remained adamant against it. The 
cost of a dose of OPV was as low as 
10-20 paise; so it was not the cost factor 
that prevented the MoHFW from adopting 
a five-dose immunization. As if for pen¬ 
ance for past mistakes, we are today 
forced to offer 15 doses per child, buying 
OPV at about 3 rupees per dose, and to 
follow the WHO experts blindly while 
they lead us to polio eradication. I am 
afraid that on 31 December 2000, the 
target date for global eradication of polio, 
India would have failed to interrupt the 
transmission of polioviruses, in spite of 
the heavy financial burden we are shoul¬ 
dering at the behest of WHO experts. 
With more self-reliance we could and 
should have eliminated poliomyelitis more 
than a decade ago at a fraction of the 
cost. 

Introducing the wide scale use of DPT 
into a country hyperendemic for polio¬ 
virus circulation, without taking reason¬ 
able measures at least to protect individual 
children against polio, or to reduce the 
intensity of poliovirus circulation in the 
community, or both for adequate safety 
assurance, was unwise and unscientific 
from policy point of view and cruel and 
tragic from human rights point of view^’^. 
Injecting DPT was unavoidable as pro¬ 
tection from diphtheria, whooping cough 
and tetanus are veiy important; but failing 
to understand that the intense circulation 
of polioviruses would have caused provo¬ 
cation poliomyelitis was indeed a mistake 
that should have been avoided by remov¬ 
ing the restrictions of the WHO policies 
of three doses of OPV and 85% coverage. 

In 1981, I had pointed out the need 
for a national policy on poliomyelitis 
through a paper published in an Indian 


journal, in which all the issues raised 
above were discussedIf a three-dose 
rule was sacrosanct, then injectable 
poliovaccine (IPV) had been shown to 
be superior. Did WHO have any vested 
interest in the exclusive use of OPV? 
Why did the MoHFW withdraw from the 
Indo-French collaborative agreement to 
manufacture microcarrier-grown vero cell- 
based IPV, rabies vaccine and measles 
vaccine in India, even after the technology 
transfer fee was allegedly paid? Have 
investigators been prevented from pub¬ 
lishing their results of studies using IPV 
in India? 

If the exclusive use of OPV was 
sacrosanct and a five-dose primary 
immunization was an affront to WHO’s 
prestige, then a totally different and 
innovative tactic, called ‘pulse immuni¬ 
zation’ was designed, field tested and 
shown to be the best answer to the 
problem of polio in India*^“^^. It is rea¬ 
sonable to extrapolate from the field stud¬ 
ies and state here that pulse immunization, 
if planned properly and conducted with 
the same efforts as we have done during 
the last two years, we could have elimi¬ 
nated polio at least a decade, possibly 
one-and-a-half decades, ago^^^^. What 
was rejected in India as being against 
the policy in 1981 till 1994 was accepted 
in 1995, by which time an estimated 3-4 
million children had developed paralysis 
due to lack of immunization, inadequate 
number of doses, or provocation and 
aggravation by injections, a tragedy that 
could have been avoided for the most 
part. 

There are, currently, major flaws in 
India’s strategy of polio eradication under 
the exclusive direction of WHO policies. 
First, disease surveillance should have 
been designed and started long ago (and 
certainly before launching the pulse 
immunization campaigns) to monitor 
clinical paralytic illness in all parts of 
the country. That simple lesson was pub¬ 
lished in 1981 and 1983, but was 
ignored^^’^^. There is no such systematic 
surveillance covering the entire country 
as yet. By mislabelling sentinel surveil¬ 
lance for polio (or small scale sample 
surveys for HIV infection) as ‘national 
surveillance’, the public health personnel 
are lulled into complacence, but in reality 
we cannot assess where we have reached 
in terms of polio eradication (or HIV 
control). In both these issues, polio eradi¬ 
cation and HIV/AIDS control, we are 


allowing ourselves to be misled, repeating 
history. Second, the monitoring of the 
circulation of polioviruses is ill defined 
and grossly insufficient. The final proof 
of polio eradication is the consistent 
absence of polioviruses in spite of proper 
search. The parameters of ‘proper search’ 
may be different in India, from those in 
western countries or in Latin America. 
One error here will set the clock of global 
eradication of polio backwards and India 
will be responsible; as in the past, WHO 
experts can conveniently wash their hands 
off us. 

Without creating these two modalities, 
disease surveillance and monitoring of 
polioviruses, pulsing OPV is to put the 
cart before the horse. As soon as these 
two monitoring modalities are ready, then 
annual three-dose pulses with OPV would 
succeed in eliminating poliomyelitis and 
interrupting the transmission of polio¬ 
viruses in the shortest possible time, prob¬ 
ably two years, perhaps three^^. In the 
absence of these two systems in operation 
we have caught the proverbial ‘tiger’s 
tail’ by commencing the annual two-dose 
pulse polio immunization; we cannot let 
go of it since polioviruses will continue 
to circulate for years. Even if transmission 
ceases, we have no reliable way to con¬ 
vince ourselves and others with evidence; 
so we will have to continue until the 
clinical and virological monitoring sys¬ 
tems are developed and fine tuned. These 
may take several more years, and until 
then, we must continue the exorbitantly 
expensive pulse immunization. If we dis¬ 
continue pulse immunization, polio will 
reappear with a vengeance. Meanwhile 
we must import all the poliovaccines, as 
I understand that Indian vaccine manu¬ 
facturers have been prevented from indi- 
genizing OPV production. We must now 
ask why the one successful OPV manu¬ 
facturing unit at the Pasteur Institute, 
Coonoor was closed down by Government 
decision in 1974: was it in anticipation 
of the establishment of EPI, so that all 
OPV would be imported as long as nec¬ 
essary? Most of the players of this drama 
are still alive and it is the duty of the 
Government to face unpleasant facts and 
report them honestly for the sake of our 
honour and future. 

Honest, open and detailed deliberations 
by Indian health scientists, officials of 
MoHFW, experts of the Indian Council 
of Medical Research and representatives 
of the Indian Academy of Paediatrics and 
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the Indian Medical Association are 
necessary at this critical juncture in India’s 
pilgrimage towards total freedom, both 
from the viruses of slave mentality and 
lack of accountability as well as from 
polioviruses. 
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Bacteria around hydrothermal vents 


A. V. Sankaran’s research news {Curr, 
ScL, 1997, 73, 495) gave information on 
the bacteria present deep inside the earth. 
I would like to add the important findings 
of Holger Jannasch and his colleagues 
who discovered a preponderance 
of sulphur-oxidizing chemolithotrophic 
bacteria around the hydrothermal vents. 
Actually, the milky-bluish water of these 
warm vents contains masses of Thio- 
microspira, which oxidize the hydrogen 
sulphide and thiosulphate present in the 
vent water. Beggiatoa, another sulphur- 


oxidizing bacterium, was also found near 
the vents. In addition, microbiologists 
discovered geothermally methane oxidi¬ 
zers (methylotrophic bacteria). Some of 
these bacteria live symbiotically with 
animals of deep-sea vents. The deep- 
sea vents are the first environment 
discovered in which chemosynthesis is 
responsible for primary productivity. 
This exciting discovery of the deep-sea 
vents has given microbial ecologists an 
entirely new ecosystem to study and 
understand. 


1. Jannasch, H. W., Oceans, 1984, 27, 73-78. 

2. Schelgel, H. G. and Jannasch, H. W., in 
The Prokaryotes (eds Starr, M. P. et al.,). 
Springer, 1981, vol. 1, pp. 43-48, 
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Monsoons: Past, present and future* 


During the past three decades, there has 
been a remarkable progress in the under¬ 
standing of the variability of the monsoon. 
Monsoon variability occurs on many time 
scales. They span the range of a few 
weeks to a few thousand years. In the 
last three decades, observations and com¬ 
puter models have identified the mecha¬ 
nisms that govern the variability of the 
monsoons on different time scales. These 


*A report of the discussion meeting on ‘Mon¬ 
soons: Past, Present and Future’ held from 
November 20 to November 22, 1997 in 
Orange County (Coorg). This meeting was co¬ 
sponsored by Indian Academy of Sciences and 
Jawaharlal Nehru Centre for Advanced Scien¬ 
tific Research (JNCASR). 


developments were discussed in a discus¬ 
sion meeting on ‘Monsoon: Past, present 
and future’ held in Orange County 
(Coorg) in November 1997. 

In his opening remarks, R. Narasimha 
(Indian Institute of Science and JNCASR) 
stressed the need to consolidate the know¬ 
ledge we have gained during the past 
three decades about the variability of the 
monsoon.^ D. R. Sikka (former director, 
Indian Institute of Topical Meteorology, 
Pune) provided a historical perspective 
of monsoon research in India over the 
last 120 years. He suggested that the 
monsoon research in India had three 
different epochs. These epochs were 
1875-1947, 1948-1980 and 1980-1997: 
During the first epoch (i.e. 1875-1947) 


the meteorological observational network 
was established. During this period it was 
apparent that the prosperity of India was 
inexorably linked to the summer monsoon 
rainfall all over India. The long-range 
forecasting of the monsoon began more 
than 100 years ago when H. F. Blandford 
discovered an association between snow¬ 
fall in Eurasia and the Indian summer 
monsoon rainfall. Gilbert Walker, who 
was the Director General of Observatories 
in the early part of this century, discov¬ 
ered the association between all India 
monsoon rainfall and the large-scale 
oscillation in surface pressure in the south¬ 
ern hemisphere. He termed the see-s.aw 
in surface pressure between the West 
Pacific Ocean and East Pacific Ocean in 
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the southern hemisphere as the southern 
oscillation. The southern oscillation is 
linked to the variations in the east-west 
circulation in the tropics. The east-west 
circulation in the tropics is called the 
Walker circulation in honour of the 
pioneering contribution made by Gilbert 
Walker. During the period 1947-1980, 
several international observational pro¬ 
grammes were launched to understand 
the monsoon. Some of these were the 
International Indian Ocean Experiment 
(IIOE) in 1964, Indo-Soviet Monsoon 
Experiment (ISMEX) in 1973, and 
Monsoon Experiment (MONEX) in 1979. 
These experiments and routine observa¬ 
tions provided the first detailed picture 
of the vertical stmcture of the thermo¬ 
dynamical variables during the monsoon 
season. The launching of the Indian 
remote sensing satellite (INSAT) in early 
1980s provided, for first time, an oppor¬ 
tunity to monitor continuously the pro¬ 
gress of the monsoon over the continent 
as well as the oceans. In the early 1990s 
the first indigenous observational experi¬ 
ment called MONTBLEX (Monsoon 
trough Boundary Layer Experiment) was 
launched. This experiment provided the 
first detailed measurement of the fluxes 
near the surface during the monsoon. 
Sikka concluded his talk by pointing out 
that monsoon research in India has entered 
a new phase with the launching of the 
Indian Climate Research Programme 
(ICRP) in 1997. 

Sulochana Gadgil (Indian Institute of 
Science, Bangalore) made a brief 
presentation on the ICRP. She indicated 
that this programme was launched to 
harness the expertise available in India 
in atmospheric, oceanic and space 
sciences and utilize the facilities available 
for observation and modelling in the 
Department of Ocean Development 
(DOD), CSIR and the universities. The 
major objectives of the ICRP are: (i) to 
document the spatial and temporal vari¬ 
ability of the monsoon climate, (ii) to 
understand the physical processes that 
lead to climate variability, and (iii) to 
understand the impact of climate change 
on natural and managed ecosystem. 

In order to attain the objectives enu¬ 
merated above, it is proposed to undertake 
analysis of existing data, gather new data 
from satellites and buoys, and organize 
special observational experiments in the 
Bay of Bengal. Sulochana Gadgil pointed 
out that there is considerable overlap 
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between the objectives of ICRP and the 
international programmes such as the 
World Climate Research Programme 
(WCRP) and the International Geosphere 
Biosphere Programme (IGBP). Gadgil 
remarked that the emphasis in ICRP will 
be on the monsoon climate that is a 
special feature of our region. 

Murari Lai (Indian Institute of Tech¬ 
nology, New Delhi) provided an overview 
of the simulations by coupled ocean- 
atmosphere models. He highlighted the 
variations in the Indian monsoon rainfall 
predicted by these models with an em¬ 
phasis on future climate. In these models 
it is assumed that the amount of carbon 
dioxide in the atmosphere will continue 
to increase at the rate of 1.5 to 4.5 ppm 
per year over that next hundred years. 
These models also assume that the amount 
of sulphate aerosols in the atmosphere 
will also increase exponentially due to 
the increasing use of coal in China, 
Europe, America, Australia • and India. 
Specifically, these models assume that 
the maximum sulphate aerosol loading in 
India will increase from the present value 
of 8 mg/m^ to 40 mg/m^ in fifty years. 

If the increase in CO 2 alone is incorpo¬ 
rated in these models, they indicate that 
the all India summer monsoon rainfall 
will increase from the present value of 
87 cm to around 112 cm by the year 
2050. This would imply an increase in 
the all India monsoon rainfall by more 
than 25% in the next 50 years. This 
increase is well above the inherent inter¬ 
annual variability in the model. When 
the effect of increase in sulphate aerosol 
is incorporated in these models, they in¬ 
dicate a decrease in all India monsoon 
rainfall! This is due to the cooling of 
the continental surface on account of the 
reflection of solar radiation by the 
sulphate aerosols. Murari Lai cautioned, 
however, that the results obtained from 
these models cannot be used for making 
policy decisions since some of the pa¬ 
rameters (such as sulphate aerosol load¬ 
ing) used in the model are not known 
accurately. In addition, most of the models 
show large variations in the Indian mon¬ 
soon rainfall depending upon the numeri¬ 
cal techniques used and the manner in 
which clouds and mountains are incor¬ 
porated in the model. Many of these 
models do not reproduce correctly the 
spatial pattern of the present-day monsoon 
rainfall. He advocated the use of high- 
resolution regional climate model embed¬ 
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ded in a general circulation model He 
claimed that such models provide a more 
accurate prediction of the spatial structure 
of all India monsoon rainfall. This lecture 
was followed by a spirited discussion 
about the reliability of climate models. 
Some of the participants argued that the 
spatial and temporal variability of Indian 
monsoon rainfall predicted by these 
models differs substantially from the 
observations and hence one cannot rely 
upon the predictions by these models 
regarding the monsoon in the next 
century. Some other participants argued, 
however, that some of the climate models 
have shown systematic and steady 
improvement in their ability to simulate 
the spatial and temporal variability of the 
Indian monsoon rainfall. All the partici¬ 
pants agreed, however, that there is a 
need to characterize more precisely the 
sulphate aerosol loading over India based 
on the sulphur content of the Indian coal 
and the projections regarding increase in 
coal consumption in India over the next 
hundred years. 

G. B. Pant (Director, Indian Institute 
of Tropical Meteorology, Pune) discussed 
the climate change in the Himalayas over 
the past thousand years as revealed by 
data from tree rings. The analysis of 
climate variation was based on 600 
coniferous tree samples in Kashmir, 
Himachal Pradesh and Uttar Pradesh. The 
tree ring data does not indicate any tem¬ 
perature trend over the past two hundred 
years in the Himalayas. This is in contrast 
to the increase in surface temperature 
seen over the past hundred years in the 
data from the plains of India. 

Chaya Sharma (Birbal Sahni Institute 
of Palaeobotany, Lucknow) provided an 
overview of the reconstruction of past 
climate using pollen data. The pollen 
analysis covered the regions from 
Kashmir in the Western Himalayas, 
Katmandu in the Central Himalayas to 
Sikkim in the Eastern Himalayas. In the 
Kashmir valley, pollen analysis suggests 
a cooler period around 10,000 years 
before present, followed by a gradual 
warming between 7000 and 4000 years 
before present. Pollen studies in Ladakh 
indicate that during the last 30,000 years 
the climate there was cold and dry. There 
were, however, brief periods when warm 
climate lasting about 2000 to 3000 years 
existed. About 1000 years ago there was 
a transition from moist to relatively dry 
conditions in the western Himalayas. 
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R. Ramesh (Physical Research Labora¬ 
tory, Ahmedabad) reviewed the data 
available on past monsoons and the ability 
of climate models to simulate past 
monsoon. He showed that during the last 
glacial maximum (which occurred around 
18,000 years ago), there was an increase 
in the salinity of the surface waters in 
the Bay of Bengal. There is evidence 
that the surface winds in the Arabian sea 
were 50% below the present values. This 
indicates a reduction in monsoon rainfall 
during the last glacial maximum. Around 
9000 years ago the solar radiation incident 
in the tropics was about 7% more than 
present and the proxy data indicate that 
the monsoon rainfall was more than the 
present. The simulations of past monsoon 
using general circulation models show a 
linear relationship between the solar ra¬ 
diation incident at the top of the atmos¬ 
phere in the tropics and the monsoon 
rainfall. Some models show that a 1 % 
change in solar radiation causes a 2 . 5 % 
change in monsoon rainfall. 

R. Sukumar (Indian Institute of Science, 
Bangalore) presented results based on the 
use of stable carbon isotope ratio as 
indicators of past climate based on the 
different ecological requirements of 
different plant types. He discussed the 
classification of plants into C 3 and C 4 
types on the basis of their photosynthetic 
pathways of carbon fixation. He showed 


that C 4 plants (mainly tropical grasses) 
thrive under arid conditions while C 3 
plants dominate when wetter conditions 
prevail. The ratios of to in the 
C 3 and C 4 plants are different because 
of the differences in the photosynthetic 
pathways of carbon fixation. He showed 
the variations in the to ratio in 
peat samples collected from a pit dug in 
the Nilgiris. He used this data to show 
that this region had arid climate during 
the last glacial maximum (about 18,000 
years ago) and a wet period around 9000 
years ago. 

S. W. A. Naqvi (National Institute of 
Oceanography, Goa) discussed the regu¬ 
lation of the amount of CO 2 in the 
atmosphere by the oceans. The amount 
of carbon stored in the ocean is more 
than 50 times the amount of carbon stored 
in the atmosphere. Hence the exchange 
of CO 2 between the ocean and the 
atmosphere has a profound influence on 
the concentration of CO 2 in the atmos¬ 
phere. At the present time around 7 billion 
tons of CO 2 is pumped into the atmos¬ 
phere by the burning of fossil fuels and 
deforestation. Out of the 7 billion tons, 
2 billion tons is absorbed by the oceans 
and 3 billion tons accumulates in the 
atmosphere and causes an increase of 
CO 2 in the atmosphere at the rate of 
around 1.5 ppm per year. Any change in 
the rate of absorption of CO 2 by the 


ocean can cause a dramatic change in 
the CO 2 of the atmosphere. During the 
last glacial maximum (around 18,000 
years ago), the CO 2 of the atmosphere 
was around 200 ppm which was lower 
than the pre-industrial value of 280 ppm 
and the present value of 360 ppm. The 
equatorial ocean is a source of CO 2 for 
the atmosphere while the ocean in the 
southern hemisphere acts as a sink. Naqvi 
highlighted the effect of deep-ocean 
circulation and nitrogen cycle on die CO 2 
content of the atmosphere. 

In the discussions that followed the 
presentation on palaeoclimate, many 
participants underscored the need to ex¬ 
tend the observations to other regions of 
India so that the lai'ge-scale signal of 
climate variations can be deduced. 
Many participants highlighted,that corals 
in the Indian seas may provide high- 
resolution data on past climate changes 
in the Indian region. The simulation of 
past climate using climate models was 
considered necessary in order to gain 
confidence in our ability to predict future 
climate. 


J. Srinivasan, Centre for Atmospheric 
and Oceanic Sciences and Department of 
Mechanical Engineering, Indian Institute 
of Science, Bangalore 560 012, India. 


National Centre for Ultrafast Processes 


During the last decade there has been 
enormous interest to study processes 
occurring in the solid state and condensed 
phase in real time by using techniques 
particularly in the picosecond ( 10 “^^s) 
and femtosecond (10"^^ s) domains. Many 
biological, chemical and other transport 
phenomena are known to occur from 
millisecond to a few hundred femto¬ 
seconds. In order to understand the 
fundamental dynamic processes for the 
development of new materials, study of 
the fast processes in various areas of 
physics, chemistry and biology has 
become important. Towards this, new 
lasers and techniques have been developed 
during the last two decades for investi¬ 
gating the dynamics of the ultrafast pro¬ 
cesses and physical properties occurring 
in clusters of atoms and molecules in 
real time in condensed phase and in solid 
state. Time resolved laser spectroscopic 


techniques are used in these studies for 
understanding transient phenomena. 

Study of ultrafast processes paves the 
way to control the product of chemical 
reactions, angular distribution of photo¬ 
electrons and the evolution of vibrational 
wave pockets of diatomic molecules. Dur¬ 
ing the last two decades, lasers with 
ultrashort light pulses have been deve¬ 
loped which are now available with pulses 
shorter than 100 femtoseconds. Using 
these lasers impressive pulse shaping and 
tailoring techniques have emerged that 
make it possible to control molecular 
dynamics. Investigations on ultrafast 
phenomena are aimed at developing 
technologies in the cutting edge of 
materials research; new catalysts for 
chemical transformation, nanophase 
materials, biotechnological process 
materials and molecular electronic and 
photonic systems. 


The Department of Science and Tech¬ 
nology (DST), Government of India has 
established a National Centre for Ultrafast 
Processes at Madras University. A 
separate building with laboratories, hostel 
and other infrastructure will be exclu¬ 
sively established for NCUFP in the 
Tararriani Campus of the University with 
the support of the Government of Tamil 
Nadu. The Centre will have major facili¬ 
ties for (i) lifetime measurements by time 
correlated single photon counting, (ii) nano¬ 
second pulsed laser systems for absorption 
and emission studies, and (iii) flash pho¬ 
tolysis equipment using flash lamps. 
Facilities also being established include 

(i) picosecond emission spectrometer and 

(ii) picosecond pump probe laser system. 

P. Natarajan, Department of Inorganic 
Chemistry, University of Madras, Guindy 
Campus, Chennai 600 025, India. 
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Indo-Australian plate: Fresh reconstruction 


A. V. Sankaran 

Ever since Arthur Holmes prophetically 
invoked in 1928 the mechanism of thermal 
convection in Earth’s mantle as the driv¬ 
ing force that ‘dragged the two halves 
of the original continent apart, with a 
consequent mountain building in front 
where the currents are descending, and 
the ocean floor development on the site 
of the gap where the currents are ascend¬ 
ing’, geologists have steadily modified 
their ideas of Earth as a rigid planet. 
The access of sea-floors for exploration 
through submersibles, and the explosion 
of data that emerged out of such studies 
along with improved geophysical inves¬ 
tigations have greatly enabled production 
of accurate sea-floor maps with their maze 
of mountain ridges, valleys and rifts. 
These breakthroughs had considerably 
shaped our conception of ocean floor 
dynamics and helped later workers in 
1960s like H. H. Hess, F. J. Vine, D. H. 
Mathews,' J. T. Wilson and others to 
resurrect the original idea conceived by 
Arthur Holmes, and evolve the concept 
of plate tectonics; and soon geoscientists 
were able to recognize a mosaic of plates 
on the globe. Through intense geochemi¬ 
cal and geophysical studies, ocean floor 
drilling combined with the data piling 
from worldwide network of seismic sta¬ 
tions, the precise boundaries of these 
plates, their zones of divergence or 
spreading which create ocean-ridges, frac¬ 
tures, transfer faults, their zones of con¬ 
vergence marked by trenches and 
subducting slabs and a host of other 
deformational and structural features 
could be defined. The introduction of 
ocean floor isotopic dating and correla¬ 
tions through palaeomagnetic studies 
(magnetic stratigraphy) helped to fix the 
age and movements of the oceanic crust 
and thus track, more precisely, the plate 
motions, and their deformational history 
along the plate boundaries. These inevi¬ 
tably led to revisions in the existing 
global mosaic of plates. 

One of the recent plate reconstructions 
relates to the Indo-Austral!an plate. Some 
years back, investigators from MIT and 
Lamont-Doherty Earth Observatory in 
USA and Ecole Normale Supereure, Paris, 
discovered faults and signs of deformation 
in the south Indian Oceanic crust, from 


data compiled by oceanographic expedi¬ 
tions carried out in 1986 and 1991; based 
on these observations, they concluded that 
India and Australia are currently moving 
in different directions and hence they 
must be sitting on separate plates’. Now, 
Jean-Yves Royer (Geosciences Azur, 
Villefranche siir mer Cedex, France) and 
Richard G. Gordon^ (Rice University, 
Houston, Texas) have re-assessed all ear¬ 
lier and their own latest geophysical data 
in relation to the prevailing seismicity of 
the area. They noticed several inconsis¬ 
tencies, if the Indo-Australian plate is 
considered as a single plate having narrow 
boundaries, or, even as two plates, as 


earlier proposed by some. The discrep¬ 
ancies in rigid plate motion were 
noticeable along the three mid-ocean 
ridge systems: (1) Southwest Indian 
Ridge (SWIR), (2) Southeast Indian Ridge 
(SEIR), and (3) Central Indian Ridge 
(CIR) and its northwestern continuation, 
the Carlsberg Ridge; these three meet in 
mid-Indian Ocean at the well-known 
Rodrigues Triple Junction (RTJ). Apart 
from these, several earthquakes of mag¬ 
nitude 6-7 have occurred during this 
century near and around 90°E longitude, 
better identified by the ocean ridge here, 
as the Ninety East Ridge (90ER, 
Figure 1). All these anomalies have 



60‘E 90‘E 120*E 150*E 180' 




Figure 1. a,’ Traditional Indo-Australian plate boundaries; solid dots represent sites of 
earthquakes; RTJ, Rodrigues Triple Junction; CR, Carlsberg Ridge; CIR, Central indlan 
Ridge; SWiR, Southwest Indian Ridge; SEIR, Southeast Indian Ridge; 90ER, Ninety 
East Ridge, b, Plate boundaries of the two-plate model, c, New plate geometry proposed 
by Royer and Gordon; CAP, newly recognized Capricorn plate; Aus, redefined Australian 
plate; horizontally divergent plate boundaries are stippled and horizontally convergent 
diffuse boundaries are hatched. (Source: Royer and Gordon^.) 
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prompted further revision of existing 
notion about the Indo-Austral!an plate as 
two plates separated along the 90ER with 
a southwestern continuation at its southern 
end to intersect SEIR near 80°E (refs 2, 
3 ). Further, reports of repeated anomalous 
off-ridge earthquakes'^ along this south¬ 
western trend hinted at the need for re¬ 
definition of two-plate configuration. 

Using magnetic sea-floor anomalies and 
seismic data, and based on deformational 
history of adjoining Somalian and 
Antarctic Plates, Royer and Gordon have 
proposed a revised plate geometry and a 
set of angular velocities that are consistent 
with current seismicity of the area. In 
the opinion of the authors, the funda¬ 
mental departures to the rigid plate 
characteristics can be resolved if the Indo- 
Australian plate is considered as made 
up of three plates having diffuse bounda¬ 
ries. Based on record of deformational 
history they propose: 

1. A new Capricorn plate with diffuse 
boundary on the northeastern side 
(Capricorn-Australia plate boundary). 

2. The pole of relative rotation of the 
two plates lies between the NW-SE 
zones of stretching and shorten¬ 
ing (Figure 1) and it indicates rota¬ 
tion of 0.78 ±30° about 29.1°S, 
90.3°E. 


3. Since 11 Ma, a point now at 17°S, 
105°E in Australian plate has moved 
27 km approximately along N45°W 
relative to Capricorn plate. 

4. Convergence of 23 ±26 km since 
11 Ma between Capricorn and Aus¬ 
tralian plate. 

5. The convergence rate of 2.1 ± 2.4 mm/ 
year is much slower than global 
average rate of convergence in trenches 
(~ 70 mm/year) and happens to be 
slowest rate of convergence (~ 20 mm/ 
year). 

6 . The convergence rate, though slow, 
may yet have triggered large earth¬ 
quakes and folding of lithosphere, the 
latter confirmed by gravity undulations. 

7. Divergence between Capricorn and 
Australian plates since 11 Ma at a rate 
1.2 ± 2.2 mm/year, is much slower than 
global average rate of spreading along 
the mid-ocean ridge (MORs) ~ 40 mm/ 
year and is also less than slowest rate 
of sea-floor spreading (~ 10 mm/year). 
The divergence is mainly taken up by 
normal faulting and consequent thin¬ 
ning of crust during 13 ±24 km of 
divergence in this period. 

8 . Southwestern zone of NW-SE stretch¬ 
ing, northeastern zone of NW-SE short¬ 
ening are all caused by relative 
rotations of Indian, Capricorn and 
Australian plates. 


9. Indian-Capricorn, Capricorn-Austra¬ 
lian zones of shortening merge and 
are terminated by an overriding plate 
of subduction zone. 

Thus according to Royer and Gordon, 
the assumption that Somalian, Antarctic 
and Australian plates are rigid is not 
valid, and also the traditionally defined 
Indo-Australian plate consists of three 
component plates and multiple diffuse 
boundaries. These plate reconstructions 
explain all the deformational aspects like 
stretching and shortening and are also in 
conformity with one of the main concepts 
of plate tectonics, namely a rigid plate- 
interior, as exemplified by little deforma¬ 
tion within the new components. 


1. Sankaran, A. V., Curr. ScL, 1996, 71, 947. 

2. Royer, J. Y. and Gordon, R. G., Science, 
1997, 111, 1268-1274. 

3. Minster, J. B. and Jordan T. H., /. Geophys. 
Res,, 1978, 83, 5331. 

4. Bergman, E. A., N^b^lek, J. L. and Solo¬ 
mon, S. C., J. Geophys. Res,, 1984, 89(B4), 
2425-2443. 


A. V. Sankaran lives at No. 10, P&T 
Colony, I Cross, II Block, R.T. Nagar, 
Bangalore 560 032, India, 
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Science in India: 1947-1997 


Avinash Khare 

The year 1997 is a landmark year in our 
history as we have completed 50 years 
of our independence. It is a good time 
to look back and see how we have done 
as a nation in various spheres of activities 
in the last half century. Unfortunately, I 
am disappointed that not many people 
have come forward and presented a 
serious analysis. Apart from some semi- 
popular articles in our magazines and 
newspapers, I have not come across, a 
single article examining in depth our 
achievements and failures in S&T or for 
that matter in any sphere of activity. I 
was hoping that a serious science journal 
like Current Science would carry articles 
on our achievements and failures in S&T. 


In fact it is ironical that apart from the 
British journal Nature, which brings out 
an in depth study on ‘Science in India’ 
once in every ten years, no Indian journal 
has ventured to do anything similar. I 
am aware that my knowledge of Indian 
science (apart from physics) and techno¬ 
logy is rather limited but I feel that some 
one has to take the plunge and initiate 
a serious debate on our achievements and 
failures in S&T in the last 50 years. 
Hence this article. 

I am quite aware of the serious dangers 
involved in undertaking this exercise. This 
is because, by and large, we Indians have 
a tendency to take either an extremely 
negative view or an extremely positive 


view, both of which are harmful. For 
example, over the years, I have seen that 
many of our scientists have developed 
quite a - cynical attitude. These people 
refuse to see positive things in our science 
and criticize almost everything in it. I 
think this attitude is highly dangerous. 
Apart from painting a distorted and wrong 
picture, it makes one lose his confidence 
which is the most important thing in 
achieving success. Of course, many of 
these people are using the criticism of 
the system as an excuse for not working 
hard and doing their own work with full 
vigour and enthusiasm. I think only those 
people who are working extremely hard 
and doing their own job satisfactorily 
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have a right to criticize. The other extreme 
are people (specially in power) who are 
unwilling to initiate a debate on this topic 
and are unwilling to critically examine 
our failures and the possible underlying 
reasons. In order to progress satisfactorily 
in the coming 50 years, it is necessary 
to rationally identify our strengths and 
weaknesses and take appropriate correc¬ 
tive measures. Thus, it is very important 
to guard against both of the extreme 
tendencies. 

Before I come to details, let me say 
that my own assessment is that, over all 
we have done quite well in the last 50 
years in S&T and we can be proud of 
our achievements. In spite of our poverty, 
lack of technological base, etc. at the 
time of our independence, our achieve¬ 
ments are not insignificant. It is one of 
the tragedies of this country that while 
we take great delight in finding faults 
and highlighting our failures, the success 
stories are not given any publicity. As a 
result, most of us are not even aware of 
the several success stories of Indian S&T. 
However, there is also no doubt that we 
were capable of much more. So much 
could have been done and it is also a 
case of missed opportunities. In order to 
properly assess how we have done in the 
last 50 years, one must first examine the 
status of S&T in India at the time of 
our independence and then see how things 
have changed in the last 50 years. 

Status of S&T in 1947 

At the time of our independence, there 
were very few universities and of course 
hardly any institutes in the country. Even 
in many of the premier universities, 
people hardly knew modem subjects (like 
quantum mechanics in physics). For 
example, I have been told that even in 
BHU, hardly any one knew quantum 
mechanics in those days. In 1947, we 
simply did not have scientific manpower 
even to teach, leave alone doing any 
research in most of these modem areas. 
Since basic research is the mother of applied 
research as well as technology, no wonder 
we were simply nowhere in applied re¬ 
search and in technology development. 

It is worth remembering that at the 
time of our independence, famines were 
quite common, life expectancy was low, 
malnutrition was rampant and infectious 
diseases were there all around. Majority 
of the houses m the cities (not to talk 


of villages) had no electricity and other 
modern gadgets. All in all, the picture 
was extremely gloomy when we became 
independent in 1947. 

How have we done in the last 
50 years? 

If we compare the conditions prevalent 
in 1947 and the situation today, there is 
no doubt that, over all, we have done 
well in the last 50 years. Thanks to the 
green revolution, famines have been 
banished. Life expectancy has risen sub¬ 
stantially, infectious diseases have been 
by and large brought under control, mal¬ 
nutrition is absent in a substantial share 
of our population, electricity and other 
gadgets are now all around, not only in 
our cities, but even in small towns, and 
also in quite a few villages. 

There have been many success stories 
in Indian science in the last 50 years. On 
the whole, we have done very well in 
targeted research. In areas like agriculture, 
medicines, space, nuclear energy, defence 
research, etc. where there were specific 
goals to be achieved, our scientists have 
done remarkably well even with our meagre 
resources. Let me now mention some of 
these success stories briefly. 

Huge talented scientific manpower 

I think the major achievement in the last 
50 years is that we now have a huge 
talented scientific manpower. It may be 
any area of science, but now one can 
find an expert in the country who would 
know all the intricacies of that field and 
who is working in the forefront of that 
field. Our universities and institutes are 
now producing excellent scientists who 
have got their entire training up to the 
doctoral degree, in the country. Before 
1980 or so, in most areas of science, 
foreign scientists were coming to India 
mostly to lecture and to offer expert 
advice. However, in the last 10-15 years, 
the situation has changed, in at least a 
few areas of science. For example, in 
theoretical subjects, it is now quite com¬ 
mon for foreign scientists to visit us, not 
just for lecturing, but for carrying out 
collaborative research work. In mathe¬ 
matics and statistics, a few of our insti¬ 
tutions have the reputation of being some 
of the best in the world and in these 
institutes, such collaborative research work 
has been taking place for a much longer 


time. The same is perhaps not true in 
experimental areas of science and there 
is a reason for it, namely that our tech¬ 
nological base is still quite poor compared 
to the developed world. Of course there 
could be one or two exceptions here. 

One remarkable aspect of the scientific 
manpower produced in India has been 
that most of them have come from poor 
and lower middle class background. We 
all should be proud of the fact that in 
this country even poor people have been 
given opportunities to reach the top. Our 
society has by and large respected and 
encouraged talent. The stories of many 
of our scientists, the way they have over¬ 
come all odds, worked hard with very 
meagre research facilities and reached the 
top, is most remarkable and inspiring. I 
am afraid that the way the liberalization 
is taking place in our country, the way 
our major scientific institutions, including 
the IITs, are threatening to increase the 
tuition fee, soon S&T may close the door 
to the poor and tlie lower middle class 
people and that will be a disaster of the 
Himalayan magnitude. This is really a 
matter of very grave concern. 

Another remarkable thing that has hap¬ 
pened in the last 50 years is the tremen¬ 
dous enthusiasm of young people for 
S&T. If only we can harness this talent 
properly, I have no doubt, we will become 
one of the leaders in the world of S&T. 

Green revolution 

The food grain production which was 
about 50 million tons around 1950 is 
now close to 190 millions. As is well 
known, till the 1960s, India was a per¬ 
petual seeker of food aid, but thanks to 
the green revolution, we are not only 
self-sufficient in food but are even ex¬ 
porting a little bit. Our agricultural 
scientists have played a major part in 
this revolution. The green revolution 
required progress on several fronts in 
S&T like irrigation, production of new 
varieties of seeds and storage and pro¬ 
cessing techniques. What is perhaps not 
so well known is the fact that the same 
approach has been extended to oilseed 
and pulses. India is the first country to 
develop and use hybrids in pearl millet. 
Further, India is the only country in the 
world to have produced and commercia¬ 
lized hybrids in cotton. 

White revolution 

The milk production which was about 17 
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million tons around 1950 is now around 
70 million tons and India is poised to 
become the largest milk producer in the 
world. S&T has played a key role 
here - in the improvement of non-descript 
cattle through cross-breeding, improving 
animal health facilities, developing varie¬ 
ties of quality fodder, developing appro¬ 
priate technology for preservation and 
transportation of milk, etc. What is most 
remarkable is that this revolution has 
happened through ft cooperative move¬ 
ment where a majority of the participants 
are marginal and landless farmers. 

Space odyssey 

Indian space programme has ushered in 
the country a revolution in the areas of 
telecommunication, TV broadcasting, 
meteorology and surveying and manage¬ 
ment of natural resources. It must be 
noted that the space programme required 
us to develop, indigenously, very ad¬ 
vanced and sophisticated technology in¬ 
cluding the design and construction of 
satellites and vehicle launch technology. 
Very few nations have acquired this so¬ 
phisticated technology so feir. 

Nuclear energy 

This is another area where we have done 
remarkably well. After the 1974 Pokharan 
implosion, the foreign help stopped totally 
in the key areas of technology and it is 
to the credit of our nuclear scientists, 
that they have been able to develop such 
an advanced technology on their own. In 
fact, this is one of our remarkable traits 
that, whenever we are pushed to a comer, 
we have been able to bounce back! 

Drug and pharmaceuticals 

The Indian pharmaceuticals which was 
almost a non existent industry at the time 
of our independence, has today emerged 
as one of the largest and cheapest pro¬ 
ducer of medicines. This has greatly 
helped in improving the standard of health 
care and has helped in producing modem 
medicines to the people at an affordable 
cost. This has been possible due to the 
domestic R&D in devising novel cost- 
effective processes for generic drugs and 
in developing formulations. 

There are several other success stories 
in the last 50 years like leather industry, 
chemical technology, aviation technology, 
etc. Besides, there are several success 
stories at an individual or group level. 
Again it is impossible to mention all of 


them. Some of them are, precocious flow¬ 
ering of bamboo, tissue culture technique, 
development of rice husk particle board, 
clinical gynaecological methods, cholera 
enterotoxin mechanism, short term chemo¬ 
therapy, discovery of J-receptors in lungs, 
the famous Jaipur foot, blood bags and 
artificial valves at affordable prices, etc. 

I must apologize to all those scientists 
and institutions whose pioneering work 
has not been mentioned here. 

Our failures 

In spite of all these success stories, there 
is no doubt that ours is also a case of 
missed opportunities. Much more could 
have been done in the last 50 years. For 
example, while it is tme that we have a 
large talented manpower, it is also true 
that we have not produced many out¬ 
standing scientists of the calibre of J. C. 
Bose, C. V. Raman, S. N. Bose and M. N. 
Saha. Similarly, in spite of several CSIR 
laboratories, we are still importing most of 
the technological knowhow. The number 
of useful patents coming from our labora¬ 
tories is still not too large. There is not 
much interaction between the industries and 
the research establishments. Finally, our 
S&T has not made a noticeable impact on 
the every day life, especially in the villages. 
Of course it is a very complex issue and 
there are several reasons why we have not 
done very well. It is necessary to consider 
these issues seriously, identify our mistakes 
and try to rectify at least a few of those 
mistakes. Some of the reasons for our 
failure are as follows. 

Missed industrial revolution 

To my mind, the single most important 
reason for our lack of progress in S&T 
is the fact that we missed the industrial 
revolution by several decades. Till 1947 
we had almost no technology in the 
country. It must be remembered that tech¬ 
nology is not a static thing but is being 
developed every day. Besides, in many 
cases there are no short cuts. Thus it is 
not very easy to catch up with the 
developed world who has got a lead of 
several decades over us. This has also 
affected the quality of basic and applied 
research. I think that even today, the lack 
of front-ranking technology is one of the 
main reasons why we are unable to do 
well in the basic as well as applied 
research work. It must be emphasized 


here that physics, chemistry and biology 
are all experimental sciences and progress 
in theoretical ideas and in experimental 
ideas usually go hand in hand. That is 
why we are not doing that well in theo¬ 
retical areas too. I am convinced that 
unless the quality of our experimental 
research goes up, the quality of theoretical 
research work in these areas will also 
not improve substantially. 

As a support to my argument, let us 
look at mathematics and statistics which 
are purely theoretical subjects, and one 
does see that in these areas, the standard 
of some of our institutions is comparable 
to the best in the world. The same cannot 
be said of any institution in the areas of 
physics, chemistry or biology. Unfortu¬ 
nately, in mathematics and statistics, the 
top quality is confined to only a few 
institutions while the standard in most 
other institutions is extremely low, much 
worse than, for example, the standard of 
physics in these institutions. 

I believe that unless we can find some 
innovative solution to catch up with the 
developed world in terms of our tech¬ 
nology base, there is no hope for our 
S&T to progress by leaps and bounds. 

Feudalistic society 

For thousands of years, our society has 
been an agricultural society and even 
now it is primarily so. This has its rami¬ 
fication in our attitudes, which are by 
and large still those of a feudal society. 
We have given more importance to loyalty 
than to calibre. This has affected our 
society, including our science, consider¬ 
ably. In many cases, appointments, pro¬ 
motions and even scientific decisions have 
been made on loyalty considerations and 
not on the basis of pure merit. Only in 
the last 10-15 years or so, one can see 
a ray of hope. This is intimately related 
to the pace of our industrialization. Of 
course, an industrial society has its own 
evils - no doubt we will catch them soon! 

Colonial attitude 

We have been subjected to foreign rule 
for more than 1000 years and specially 
the British rule in the last 200 years has 
been utterly devastating. ‘The white man 
superiority syndrome’ is still in our blood 
and we still have not acquired enough 
confidence and maturity as an independent 
nation. We still look for patronage from 
the West. We are unable to judge good 
work of our fellow Indian scientists. Only 
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when he/she gets recognition in the West, 
we join the bandwagon. As a result, early 
in the scientific life, we learn how to 
write papers by extending the ideas of 
some western scientists. This has of 
course its incentives in foreign visits, 
fame, money, etc.! 

Mind over matter 

One of the traits of our civilization (unlike 
the Chinese) has been that we have always 
given more importance to the mind over 
the matter. This is continuing even today 
and is affecting our society, including 
our science in a big way. There is utter 
neglect of instrumentation in our country. 
No due recognition is given to technical 
innovations but we would give more 
weight to some theory paper which may 
have merely extended an idea of some 
western scientist. 

Neglect of universities 

All the reasons mentioned so far are the 
creations of very complex factors over 
the years, and our planners cannot be 
blamed for them. Let us now turn to the 
failures which are due to the mistakes 
of our scientific and political leadership. 

I think the single, most vital, mistake 
made by the leadership is to open research 
institutes for carrying out research in 
basic sciences. This has directly led to 
the utter neglect of our universities! This 
was a blunder of Himalayan proportions, 
since it is the universities which provide 
us with the scientific manpower, and by 
neglecting them we have only helped in 
destroying this scientific base. The growth 
of the research institutes has affected the 
universities in several ways. Firstly, since 
the institutes were compact, well funded 
bodies with good research facilities and 
no teaching responsibilities, they attracted 
the cream of our scientists. As a result, 
the intellectual level of the universities 
deteriorated. Also, with the mushrooming 
of the universities, the research facilities 
in the universities dwindled and the qua¬ 
lity of research, by and large became 
even worse and slowly the gap between 
the universities and the institutes widened. 
This encouraged our bright young people 
to opt for research institutes instead of 
universities for their career. With the lack 
of facilities, including very poor labora¬ 
tories, the universities are not able to 
convey the enthusiasm and the excitement 
of science to the students. As a result. 


we are no more able to attract the brightest 
minds to science which in turn is hitting 
the Indian science including the research 
institutes! One of the ironies of our uni¬ 
versity system is that even though teach¬ 
ing is the most important function of the 
universities, good teaching is given no 
credit while considering promotions and 
awards. In fact, even after 50 years of 
independence we have not devised any 
method for distinguishing a good teacher 
from a bad teacher. 

I must add here though, that in spite 
of this situation, there are some teachers 
in the universities who are doing excellent 
work and are motivating young people 
to science and are also producing good 
students in spite of the lack of facilities. 

It is thanks to these few people that at 
least some bright students are still coming 
to science. 

I might add here that this isolation 
from the broad based university atmos¬ 
phere has also affected the research 
institutes. Many of these institutes spe¬ 
cialize in a very narrow area of science. 
The scientists in these institutes do not 
have contact with scientists in other areas 
of science. As a result, what has happened 
is that many of these people lack the 
proper perspective and they tend to 
become extremely narrow minded and 
many of them lack vision. It is quite 
common in science that some of the best 
work has happened through cross fertili¬ 
zation of ideas in different fields. But 
this is not possible in these specialized 
institutes. 

I strongly believe that unless one can 
take back the basic research to the uni¬ 
versities, our science cannot really pro¬ 
gress by leaps and bounds. This is of 
course a very difficult task since the uni¬ 
versities are almost dead and have become 
highly bureaucratic and political. I hope, 
some way can be found to overcome this 
problem and one can make sure that every 
scientist working in basic sciences will also 
teach the university students. 

Bureaucratic interference 

Another blunder of our leadership (in 
this case the political one) is to adopt 
the old British bureaucratic system. This 
is one of the major obstacles to progress 
in science (and in fact to all the progress 
in this country). The bureaucracy has 
caused havoc in the universities and 
slowly the disease is spreading to the 
institutes too. 


Lack of vision 

In many cases, our scientific leadership 
lacks vision. Most of them cannot think 
big. For example, one might ask, what 
world standard projects have been planned 
and are being planned in VIII and IX 
five-year plans? Apart from GMRT, I 
am unaware of any other world class 
project in physics. What is required is 
that our leadership should identify our 
strengths and then should have big plans 
in those areas. I shall elaborate on this 
point below while comparing with China. 

Lack of hard work 

Most of us do not work hard. Unlike 
other routine jobs, a scientist is expected 
to be fully devoted to his/her work. But 
in India, most scientists do not work very 
hard. Many of the senior scientists, who 
are expected to set an example before 
the youngsters, spend quite a bit of time 
in committee meetings but devote hardly 
any time to actual research work. One 
finds that most of the scientists are 
aspiring to become science managers. It 
is not that we Indian scientists are 
incapable of working hard. In fact, when 
we go abroad, most of us work extremely 
hard with full vigour and enthusiasm. 

India vs China 

Perhaps a good way to judge as to how 
have we done in S&T is to compare our 
progress with that of China. We are 
countries of similar sizes, we both got 
independence around the same time and 
we both missed industrial revolution (one 
important difference though is that China 
has not experienced colonial rule, except 
for a small period by the Japanese). 

In the first 20-30 years, India had a 
head start over China since the Chinese 
leadership concentrated more on providing 
basic amenities to the masses. Only about 
20-25 years ago they decided to invest 
substantially in S&T and there is no 
doubt that there are several areas (spe¬ 
cially in experimental and applied sciences 
as well as in technology) where China 
has gone ahead of India. From my 
experience and after talking to several 
other scientists, I got the impression that 
the key reason for their success has been 
judicious use of the available resources. 
They have identified their strengths and 
have decided to concentrate in those areas. 
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Let me give an example. Both India and 
China have advantage of having very tall 
mountains. These are ideal for cosmic-ray 
studies. In India, Bhabha realized it early 
and started this research at TIFR. But 
the funding has remained sub-critical and 
the leadership is unable to think big. In 
China, there is a cosmic-ray laboratory 
in Lhasa at an altitude of 3500 m. 
Recently, in collaboration with the Japa¬ 
nese, they have strengthened it consider¬ 
ably and they can now carry out first 
rate gamma-ray studies for energies 
greater then lOTeV. Contrast this with 
India, where at one time we were world 
leaders in cosmic-ray research at the Kolar 
Gold Mines but what have we done? We 
have closed it down! This is one of the 
glaring examples of the failure of our 
scientific leadership. Similarly, take the 
example of experimental high energy 
physics. Here again, we have not built 
any facility in India while the Chinese 
in collaboration with the Americans have 
built an electron-positron collider as well 
as proton synchrotron. (It may be noted 
that they are also participating in all the 
top high energy experiments throughout 
the world.) Similarly, the Chinese are 
world leaders in growing crystals. I think, 
two reasons why they are doing better 
than us are that unlike us, in their society 
matter is given equal (if not more) 
importance over mind and secondly, un¬ 
like us, they use their resources judi¬ 


ciously. Our first priority is always gran¬ 
diose buildings and comfortable offices 
while in China, experimental facilities are 
given priority almost to the extent of 
neglecting other things. It is worth point¬ 
ing out that the day to day working 
condition of our scientists is much better 
than that in China. One thing which 
impresses an outsider in China is the 
tremendous amount of pride and 
enthusiasm among every one for building 
their country and every one seems to be 
working hard and not spending hours 
criticizing the system, 

I must add, though, that China has one 
major advantage over India. Once decision 
is made to do a certain thing, there are 
no bureaucratic hindrances, no labour 
problems, etc. 

Conclusions 

Analysis of the problems confronting S&T 
in India is a very complex subject and 
clearly there are no simple solutions. 
However, to my mind, the single most 
important thing that needs to be done is 
to strengthen our universities (and also 
our colleges) and take back basic re¬ 
search to the universities where it should 
ideally belong. We must stop building 
more research institutes in basic sciences 
except inside the university environment. 
Secondly, we must identify our strengths 
and try to plan big in those areas. 


With the current wave of liberalization, 
some people seem to think that only 
technology is relevant for progress, and 
one need not spend money on basic or 
even applied research. But this will be 
suicidal. It must be remembered that basic 
research is the mother of all applied 
research and technology. Unless we can 
produce a talented scientific manpower 
with a strong scientific base, it will 
simply not be possible to make progress 
in applied research or to develop new 
technology. I strongly believe that basic 
science, applied S&T and development 
are all equally important. However, one 
must also not go to other extreme and 
all three must be encouraged to grow 
side by side. 

Obviously many more things need to 
be done and hopefully these points will 
come to the fore through the debate. 
There is no doubt that several major 
problems remain to be solved but I would 
say that, overall, there is room for opti¬ 
mism and hope that we can make great 
progress in the coming fifty years. What 
is required is to think positively, cTo not 
give up, and work hard. 


Avinash Khare is in the Institute of 
Physics, Sachivalaya Marg, Bhubaneswar 
751005, India. 


SCIENTIFIC CORRESPONDENCE 


In vitro flowering and seed setting formation of coriander 
{Coriandrum sativum L.) 


Coriandrum sativum L. is an important 
spice, cultivated for its medicinal and 
aromatic properties. Seeds of coriander 
developed from the allogamous flowers 
(family Umbelliferae) are of genetically 
variable nature. So improvement of co¬ 
riander through conventional breeding 
strategies were not found to be suitable 
in spite of their enhanced production. 
Tissue culture techniques were found to 
be suitable and utilized for the improve¬ 
ment programme. 

Shoot tips of coriander var, Co-1 
excised from aseptically raised 7-day-old 
seedlings and multiple shoots were cul¬ 


tured on SH* medium supplemented with 
different combinations of naphthalene- 
acetic acid (NAA) and gibberellic acid 
(GA3) (Table 1). The pH of the medium 


was adjusted to 5.8. Cultures were incu¬ 
bated under 16 h photoperiod at 28 ± 2°C, 
For each treatment a minimum of 25 
replicates were used and each experiment 


Table 1. In vitro plantlet regeneration in coriander 


Treatment (mgl“‘) 

Rooting plantlet formation 
after 25 days 

No. of roots/ 
plantlets 

No. of developed 
leaves 

! NAA 0.05 ± GAj 0.5 

2 ±0.3 

Thin leaves 

n NAA 0.1 iGAj 0.5 

4 ±0.2 

4 ±0,4 

111 NAA 0.15 i:GA, 0.5 

5 ±0.8 

7 ±0.8 

!V NAA 0.2±GAj 0.5 

8 ±0.9 

9 ±0.6 
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Figure 1. a, Flower bud induction, after 25 days of culture initiation in treatment II; b, Umbel 
formation after 35 days in treatment II; c, Rooting of in vitro flowered plant includes seed 
formation, d. Developed seeds, after 55 days in treatment HI. 


Table 2. Days taken for in vitro flowering and seed formation in 
coriander 




Days taken for 


Treatment 

initation of 
flowering 

opening of 
flowers 

complete seed 
formation 

I 

45 + 0.3 

5210.3 

_ 

II 

20 ± 0.2 

2711.4 

5610.7 

III 

26 ± 40.5 

331 1.3 

62 12.4 

IV 

52 ±0.1 

- 

- 

Table 3. 

Details of in vitro flowering and seed 
coriander 

formation in 


No. of 

No. of 

No. of 


umbel/plantlets 

flowers/plantlets 

seeds/plantlets 

Treatment 

(after 33 days) 

(after 62 days) 

II 

2.310.8 

9.110.2 

J.310.5 

III 

4.2 ±0.3 

18.310.7 

16.210.4 


was repeated thrice. The data obtained 
were subjected to statistical analysis. 

Cultures under treatment I supplemen¬ 
ted with 0.05 mg r‘ NAA and 0.5 mg T* 
GA 3 showed thin leaflets and profused 
roots, after 35 days. Treatment II sup¬ 
plemented with NAA 0.1 mg and GA 3 
0.5 mg and treatment III supplemented 
with NAA 0.15 mg 1"* and GA 3 0.5 mg 
showed enormous plantlet production 
within 25 days. Well-developed shoots 
were noted in treatment IV (NAA 0,2 
mg and GA 3 0.5 mg 1"'). But the shoots 
failed to develop root initials, instead 
callusing at the cut basal end were noticed. 
Successive plant regeneration through in 
vitro culture of coriander was evident 
(Table 2). Rooted plants showed flower 
initials within 25 days after treatments I 
& IV; whereas more than 45 days were 
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required for the induction of flower 
initials in treatments II & III. However, 
blooming of flowers (25 days after 
induction) and seed formation (51 days) 
were noted to be earlier in treatment II, 
when compared with treatments III & IV 
(33 & 58 days respectively, Figure 
1 a-d). The number of umbels (4.210.3) 
and the number of flowers per plantlets 
(18.310.7) were comparatively more in 
treatment III than in treatment 11 
(2.310.8 and 9.110.2, respectively), 
after 33 days of culture initiation (Table 
3). Ripening of fruits was observed after 
62 days in treatments II &, III (7.310.5 
& 16.210.4 fruits per umbel respectively) 
(Table 3). 

The in vitro developed coriander flow¬ 
ers were of typical characteristic umbel¬ 
liferous type consisting of five sepals, petals, 
stamens and two carpels with epigynous 
ovary. The seeds (Schizocarps) are globu¬ 
lar, yellowish brown in colour. 

Flowering is considered as a complex 
process regulated by external and internal 


factors, and its induction under aseptic 
in vitro culture is extensively rare. How¬ 
ever, in vitro flowering has been reported 
in several species like spinach^ Oxyden- 
drum arboreum^ and soybean"^. Patil^ sug¬ 
gested the rooting media for in vitro 
flowering. In the present study, in vitro 
flowering is under control with different 
hormonal regimes, i.e. 0.15 mg NAA 
and 0.5 mg P’ GA 3 in SH medium. This 
is in accordance with the recent report 
on cauliflower^. Reduction in the duration 
of in vitro llowering and seed setting is 
an advantage which in turn reduce the 
duration required for the completion of 
life cycle^’^ In addition, though in vitro 
seed production is very low, its genetic 
purity is of high value. 
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Changing scenario of food colours in India 


Ramesh V, Bhat and Pulkit Mathur 

The scenario of usage of synthetic food colours in India is changing. Till recently, eight synthetic 
dyes were permitted to be added to specified food items at the maximum level of 200 ppm. 
Widespread prevalence of fraudulent practices like use of unpermitted colours or misuse of 
permitted colours and the inherent toxicity of these dyes has led the authorities to revise the 
regulatory provisions and make the laws pertaining to use of synthetic food colours more 
stringent. To fulfil the ultimate goal of reducing the total exposure to colours, data on dietary 
intake of food colours needs to be generated urgently in the country. Meanwhile, as the 
manufacturers are adding colour to food products to improve the appearance and consumer 
appeal, the consumers can play an important role in reducing their exposure to food colours 
by demanding foodstuffs free of artificial colour. 


The trend of consumption of foods coloured with syn¬ 
thetic dyes has been increasing over the yeai*s. Tradi¬ 
tionally, spices like turmeric, red chilli powder and 
saffron have been used not just for their colour but for 
the flavour they imparted to the foods and for their 
medicinal properties. Even the jilebi, a sweet which 
goes back nearly 600 years, was imparted a deep orange 
colour traditionally using saffron^ Saffron is known for 
its stimulant and stomachic properties^ while turmeric 
is a stomachic^ with antioxidant properties. It has been 
shown to lower lipid peroxidation by enhancing the 
activities of antioxidant enzymes'^. Chilli is also used 
in several kinds of ailments like varicose veins, anorexia, 
liver congestion and vascular conditions as a prophylactic 
and therapeutic drug^ 

Thus the traditional use of food ingredients was an 
integrated approach where one item served a variety of 
purposes. The modern system based on technological 
advancements in the food industry in developed countries 
on the other hand, believes in the use of different 
additives to serve different purposes. Thus the use of 
synthetic food colours which will impart only colour to 
the food item and serve no other function. Such an 
approach was probably adopted due to mass production 
technology and other advances in food processing tech¬ 
nology. The cost and lack of availability of natural colouring 
materials and difficulty in incorporating these in the modern 
western technology of processing food might have resulted 
in the shift to using synthetic food dyes. 

Regulatory measures in India 

Presently, eight synthetic food colours, viz. erythrosine, 


The authors are in the National Institute of Nutrition, Jamai-Osmania 
PO, Hyderabad 500 007, India. 


carmoisine, ponceau 4R, indigo carmine, brilliant blue 
FCF, fast green FCF, tartrazine and sunset yellow FCF 
are permitted to be added to specified food items. The 
maximum permissible level of food colour that can be 
added to any food was 200 ppm and has been recently 
amended to a level of 100 ppm. It is mandatory to 
declare the addition of artificial colour on the label of 
the food item for sale. These specifications have been 
laid down by the Prevention of Food Adulteration (PFA) 
Act^ Those found violating the specifications are liable 
to prosecution. 

In spite of the stringent regulatory provisions, sur¬ 
veillance studies have shown use of unpermitted synthetic 
colouring matters like textile^ and industrial dyes^ In 
a large proportion of cases where permitted colours are 
used, either they are added in excess of the statutory 
limit or they are added to foods in which they are not 
permitted. The non-permitted synthetic dyes commonly 
used are auramine (yellow), metanil yellow, lead chro¬ 
mate, rhodamine (pink), Sudan III and IV (red), orange 
II and malachite green. Such malpractices constitute a 
serious public health hazard. 

Toxicity of colours used in foods 

Unpermitted colours 

The use of certain dyes has been banned as they are 
well known for their toxicity in experimental animals. 
Auramine was found to inhibit growth and lead to 
dysfunction of the liver and kidney'^ Metanil yellow 
consumption could lead to degenerative changes in 
stomach, ileum, rectum, liver, kidney, ovary and testis'^’*^'. 
Rhodamine B was shown to cause retardation of growth, 
haemolysis of red blood cells and degenerative changes 
in liver and kidney'". It also adversely affected the 
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immune system'^ Sudan dyes were found to be toxic 
to the liver and produce kidney lesions^"^. Orange II led 
to retardation of growth, increased mortality and haema- 
tological changes'^ Malachite green caused a decrease 
in food intake, growth rate and fertility rate. It also 
caused damage to organs like liver, kidney, heart and 
spleen as well as lesions of skin, eyes, lungs and honest 
All the above colours are also mutagenic and most of 
them have been identified as potential carcinogens. 

In humans, some of these dyes have been shown to 
lead to acute food poisoning outbreaks. Metanil yellow, 
the most commonly used non-edible, chemical dye, has 
been reported to cause symptoms of giddiness, weakness, 
vomiting and cyanosis. The people who developed these 
symptoms in two separate incidents had eaten foods 
like ladoo^^' and biryani^^ coloured with metanil yellow. 
Lead chromate added as a colourant to chilli powder 
caused lead poisoning among Gurkha soldiers with symp¬ 
toms of epigastric pain, nausea, constipation and 

• 1 !K 

anaemia . 

Permitted colours 

The permitted colours are also not totally sate. High 
levels of erythrosine intake are known to cause thyroid 
tumours'^ Ponceau 4R, tartrazine and sunset yellow 
have provoked allergic reactions in several individuals 
even at low levels of intake^”. The allergic responses 
vary from urticaria to dermatitis, angioedema and 
exacerbation of the condition of patients with asthma. 
The incidence of tartrazine sensitivity appears to be 
higher in asthmatics. Persons who are sensitive to aspirin 
may also be sensitive to tartrazine and hence should 
avoid foods and even medicines having this yellow 
dye^'. Allergic reactions have also been seen in some 
people who consumed foods to which natural colours 
like annatto^^ and crn'mine”"* had been added. A study 
was conducted by National Institute of Nutrition in 
which school children consuming a particular brand of 
aniseed (saunf) exhibited symptoms of glossitis of tongue. 
Analysis revealed that the aniseed (saunf) had very high 
levels of ponceau 4R (ref. 24). 

Thus, it is clear that even the permitted colours are 
not really safe. Their safety is a function of their total 
intake. For example, in a day a person may be exposed 
to synthetic food colours in the form of biscuits, con¬ 
fectionery items, cool drinks, sweetmeats and desserts 
including ice cream. In fact, for each of the permitted 
colours the Joint FAOAVHO Expert Committee of Food 
Additives (JECFA) has set an acceptable daily intake 
(ADI) based on toxicological studies on experimental 
animals and data from human clinical studies. The ADI 
has been defined as the amount that can be consumed 
everyday, throughout the life time of an individual 
without any harmful effect“‘\ The ADI for the permitted 
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food colours varies from 0.1 mg/kg body weight for 
erythrosine to 25 mg/kg body weight for fast green 
(Table 1). The more toxic the food colours, the lower 
is the ADI. 

The ADI can easily be exceeded by some individuals, 
especially children who are exposed to a variety of 
coloured confectionery (Figures 1 and 2) and savoury 
(Figure 3) items. A 20-kg child who consumes 100 ml 
of pink coloured ice cream or milk shake (with erythro¬ 
sine added in the concentration of 200 ppm as is permitted 
in India) will be consuming ten times the ADI for 
erythrosine, i.e.. 1 mg/kg body weight. And this is the 
situation when only a single source of erythrosine has 
been considered in his daily diet. The child can be 
exposed to erythrosine from a number of other foods 
like sugar candies, pastries, cakes, sherbets, etc. Besides, 
erythrosine is added to medicines, adding to the total 
exposure. The growing evidence of thyroid toxicity of 
erythrosine has caused the JECFA to lower its ADI 
from time to time. For example, in 1978, 2.5 mg/kg 
body weight was the ADI, which gradually reduced to 
1.25 mg/kg body weight in 1984 and to 0.6 mg/kg body 
weight in 1986. The latest evaluation in 1990 further 
reduced the ADI to 0.1 mg/kg body weighF^ 

It becomes extremely important to monitor the total 
daily intake of all food colours from the point of view 
that the ADI of none of the colours should be exceeded. 
Presently this data is not available in our country. The 
fixing of the maximum permissible level of synthetic 
colour and the foods in which it may be added is 
arbitrary and not based on the principles of risk assess¬ 
ment. 

Recent changes in regulations 

In 1988, there was a directive from the Indian Parliament 
to ban use of synthetic food colours mainly based on 
the evidences of indiscriminate use of non-permitted 
and permitted colours and their possible impact on 
human health. In order to implement the directive, the 


Table 1. 

Colours permitted for use in India and their acceptable 
daily intake (ADI) 

Colour 

Name 

ADI (mg/kg 
body weight) 

Red 

Carmoisine 

0-4 


Erythrosine 

0-0.1 


Ponceau 4R 

0-4 

Yellow 

Tartrazine 

0-7.5 


Sunset yellow FCF 

0-2.5 

Green 

Fast green FCF 

0-25 

Blue 

Brilliant blue FCF 

0-12.5 


Indigo carmine 

0-5 
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Food Additive Sub-Committee of Central Committee for 
Food Standards (CCFS) suggested the deletion of three 
synthetic colours namely amaranth, fast red E and green 
S which were earlier permitted to be used in food. 
Further, an expert group was constituted to review the 
use of synthetic colours in food articles and to restrict 
their use to the barest minimum based on technological 
necessity, aesthetic appeal/traditional practices. 

The group recommended restriction of the quantity of 
synthetic food colour that may be added depending on 
technological necessity from the existing uniform limit 
of 200 ppm. The use of synthetic food colours was to 



Figure 1. The variety of artificially coloured sweets and sugar-based 
confectionery items sold by vendors outside schools in Hyderabad. 


be prohibited in all dairy products except ice-cream, in 
sweets, savouries and wafers, in soup powder, flavouring 
agents, sweetened ice, milk-based beverages or food 
supplements and bottled or canned strawberries, cherries, 
tomato juice and processed or preserved papaya. These 
recommendations led to an amendment in the PFA Rules 
which were published vide Gazette notification dated 6 
September 1994. A large number of representations were 
received against these restrictions from different asso¬ 
ciations of manufacturers because of which the notifi¬ 
cation was deferred by one year. Thereafter, another 
notification was issued deferring implementation of the 



Figure 3. Artificially coloured savoury items sold by vendors outside 
schools in Hyderabad. 



Figure 2. The range of colours that are added to cakes. 
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amended rule by a period of nine months with effect 
from 6 September 1995 which expired on the 5th of 
June 1996. 

Industry’s perspective 

The food processing industry and its various associations 
have been pointing out the various difficulties they 
would encounter, especially a loss of business if the 
amendments to the PFA rules came into force. They 
were of the opinion that sweets without colour would 
be unappetizing and hence unacceptable to the consumers. 
Besides, the rules were considered discriminatory since 
in non-traditional desserts like ice creams, custard, jelly, 
the addition of colours were permitted and not in tra¬ 
ditional sweetmeats. Also natural colours, according to 
them, are not good alternatives for synthetic food colours 
as they are non-uniform, unstable, very expensive, not 
locally available, give undesirable odour to the final 
product and the shades available are very limited. It 
must be admitted that the point of view of the industry 
is partially true, however, the concern for the health of 
the consumers and not the economic perspective should 
be of paramount importance. According to the fragrances 
and flavours industry, the end users would have difficulty 
in identifying/differentiating among different flavours. 
However, this problem can easily be solved by the use 
of proper labelling or use of appropriately coloured 
bottles/caps. Use of synthetic colour in flavouring agents 
will lead to addition of synthetic colour in many articles 
of food through carry over, defeating the very objective 
of restricting colour addition in some foods. 

The points raised by the industries were examined in 
depth during the second meeting of the Core Group of 
Experts. The group reconfirmed the fact that overall 
exposure to synthetic food colours needed to be reduced 
and hence recommended a long-term strategy to phase 
out the use of synthetic food colours. In addition, it 
recommended the initiation of a multicentric study on 
the dietary intake of food colours. The study would be 
conducted by National Institute of Nutrition, Hyderabad; 
Central Food Technological Research Institute, Mysore; 
Industrial Toxicology Research Centre, Lucknow and 
Voluntary Organization in the Interest of Consumer 
Education (VOICE), Delhi. After several deliberations, 
the experts arrived at the final form of the amended 
PFA Rules and recommended that a time period up to 
31 December 1997 be allowed to the industry to switch 
over to the amended provision. The amended list of 
foods in which addition of synthetic colours is permitted 
and the revised maximum permissible level of colour 
for each food category is given in Table 2. 

In the amended rules, the number of foods and the 
level at which colour may be added has been reduced. 
Although it must be admitted that the criteria used for 


the choice of foods to be included in the list or for 
setting the maximum permissible levels are arbitrary, 
the ultimate goal is to reduce the total exposure to 
colours. In fact, the amended regulations should be 
considered as a temporary measure for the next ten 
years which should culminate in a total ban on the use 
of synthetic food colours. 

This is not an unrealistic dream as Norway and 
Sweden do not allow the use of synthetic food colours 
at all. If the food industry in these countries, where 
the variety of processed foods is much greater than 
India, can survive without synthetic food colours, why 
can’t such a scenario be possible in India? 

International scenario 

At present there are variations in the food laws of 
different countries. Although there is a call for inter¬ 
national harmonization of these laws to overcome trade 
barriers, currently little evidence exists even in the 
developed countries, with the countries of the EEC 
themselves differing in the type and number of food 
colours they permit. For instance, chryosin S is permitted 
only in Germany and Spain and fast red E and ponceau 
6R, only in Spain^L The United Kingdom and Spain 
permit 11 colours, Denmark 13, Belgium, France, 
Germany and Italy 10 each and as already mentioned 
Norway and Sweden do not permit any synthetic 
colours^l 

With the Government’s economic liberalization policy 
and a very rapid growth of the food processing industry 
in India, the Regulatory authorities are flooded with 


Table 2. Foodstuffs in which use of synthetic food colours is per¬ 
mitted (amended Gazette Notification dated 25 February 1997) 


Foodstuff 

Maximum 
permissible level 
of colour (ppm) 

Ice cream, milk lollies, frozen dessert, flavoured 
milk, yoghurt, ice cream mix powder. 

100 

Biscuits including biscuit wafer, pastries, cakes, 
confectionery, thread candies, sweets and savouries 
(viz. Dalmoth, Mongia, Phulgulab, Sago papad, dal 
biji only). 

100 

Peas, strawberries and cherries in hermetically 
sealed containers, preserved or processed papaya, 
canned tomato juice, fruit syrup, fruit squash, fruit 
cordial, jellies, jam, marmalade, candied crystallized 
or glazed fruits. 

200 

Non-alcoholic carbonated and non-carbonated ready 
to serve synthetic beverages, including synthetic 
syrups, sherbets, fruit bar, fruit beverages, fruit 
drinks and synthetic soft drink concentrates (quan¬ 
tity to be measured after dilution). 

100 

Custard powder. 

100 

Jelly crystal and ice-candy. 

100 
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requests to liberalize food laws and permit the use of 
a greater variety of food additives. In addition, traders 
are going in for importing ready-to-eat foodstuffs with 
artificial colour. Here again the Indian food laws may 
vary from the laws of the exporting country. Also, in 
selected instances it may vary from the limits suggested 
by the Codex Alimentarius Commission which might 
infringe the World Trade Organization Agreement. Any 
decision in this regard needs to be taken after a thorough 
safety evaluation of the food additive with reference to 
the Indian scenario. The onus also lies on the Indian 
scientists to provide research data w.hich will help the 
Government to resist pressures from transnationals as 
well as indigenous food industries and traders and to 
take decisions in favour of the safety of the general 
public. 

Conclusion 

There is valid scientific evidence to show that even 
permitted food colours can prove to be toxic -if used/ 
consumed indiscriminately. For the sake of consumer 
safety it is important that the use of synthetic colours 
in foods be slowly phased out. Consumers have an 
important role to play in ensuring their safety. The basic 
reason which manufacturers give for adding colour to 
food products is to improve the appearance and consumer 
appeal. Thus if the consumer demands food which is 
not artificially coloured, it will go a long way in solving 
the problem at hand. Manufacturers of processed foods 
and other users need to look for safer alternatives to 
synthetic food dyes. 

Simultaneously, data on risk assessment of food colours 
need to be generated urgently to enable risk managers 
to finalize and implement regulatory measures. Also as 
a part of the risk communication process, the science- 
based regulatory decisions need to be made transparent. 
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Malthus and Mendel: Population, science 
and sustainable food security 


M. S. Swaminathan 


The year 1998 marks the bicentenary of Thomas Malthus’ essay on the impact of population 
growth on world food supply. His fears relating to an exponential growth in population have 
come true, while his apprehensions relating to the rate of growth in food production lagging 
behind that of population growth rate have not materialized. In check-mating Malthusian fears, 
scientific advances in crop improvement based on Mendelian genetics have played an important 
role. Ai' we approach a new millennium, the question arises whether Malthusian fears will still 
come true in the years ahead. Can recent advances in molecular genetics, information, space, 
renewable energy and management technologies help promote sustainable food security? These 
questions will be discussed at an inter-disciplinary dialogue to be held in Chennai in the last 
week of January 1998. 


Malthus and Mendel 

Thomas R. Malthus in his essay on ‘The principle of 
population as it affects the future improvement of society’ 
published in 1798, warned that ‘the period when the 
number of men surpass their means of subsistence has 
long since arrived’. Two centuries ago when Malthus 
wrote his essay, the global population was less than a 
billion. Now the population exceeds 6 billion. 

In spite of a 6-fold increase in human population 
since 1798, there is enough food on the market today 
for all who have the requisite purchasing power. The 
average life span of human beings has gone up con¬ 
siderably all over the world. While the death rates are 
dropping rapidly, birth rates have not shown a com¬ 
mensurate decline in most developing countries. Conse¬ 
quently, the human population will increase by another 
billion during the next 11-12 years. In addition to 
population increase, the following trends raise the ques¬ 
tion, ‘will Malthusian fears come true in the early part 
of the coming millennium?’ 

• Diminishing per capita arable land and irrigation water 
availability. 

• Expanding demand for food, particularly animal prod¬ 
ucts, as a result of higher purchasing power and 
increased urbanization. 

• Stagnation in marine fish production since 1990. 

• Increasing environmental damage and distinct possi¬ 
bilities of adverse changes in climate and sea level. 

• Fatigue of the green revolution due to technological 
stagnation, leading to a decline in the per person 


M. S. Swaminathan is in the M.S. Swaminathan Research Foundation, 
3rd Cross Street, Taramani Institutional Area, Chennai 600 113, India. 

CURRENT SCIENCE, VOL. 74, NO. 3, 10 FEBRUARY 1998 


world grain production from 415 kg in 1985 to 360 kg 
in 1996. 

The above situation has led experts like Lester Brown 
of the World Watch Institute to predict that China and 
India may have to import each year over 240 and 40 
million tonnes of food grains respectively by the year 
2030. The entire world trade in food grains now is 
about 200 million tonnes. From where will such quantities 
of food grains come and what will be the impact of 
such large imports on world grain prices? 

During the last 30 years, technology and public policy 
have played a dominant role in averting famines of the 
kind Malthus anticipated. The last big famine in the 
Indian sub-continent was the Bengal famine of 1942-A3. 
In the technological transformation of Indian agriculture, 
genetic tools based on Mendelian laws of inheritance 
have played a catalytic role. Starting with the commercial 
exploitation of hybrid vigour in maize in the US nearly 
60 years ago, significant advances have taken place in 
the genetic enhancement of the production potential of 
many economic plants and farm animals including fish. 
The introduction of a semi-dwarf plant habit in wheat 
and rice, the exploitation of hybrid vigour in rice and 
the genetic manipulation of yield and quality in several 
crop plants marked the dawn of the era of the green 
revolution in the late sixties. High-yielding genetic strains 
coupled with appropriate agronomic and crop protection 
practices and opportunities for assured and remunerative 
marketing, have helped to keep the rate of growth in 
food production above the rate of population growth in 
most developing countries, except in parts of Africa. 

In spite of significant gains in improving the produc¬ 
tivity and profitability of major cropping/farming systems, 
there are some sad features of the global food and 

203 



GENERAL ARTICLES 


nutrition scenario, as pointed out at the World Food 
Summit held in Rome in November, 1996: 

‘An estimated 841,000,000 people, i.e. one in every 
five persons in developing countries, now go to bed 
hungry (food-energy deficient). 

‘Some 150 million children are underweight, 230 
million are stunted and 50 million children are wasted. 

‘Vitamin-A deficiency affects 40 million children. 
About 29% of the world’s population is at risk of 
iodine deficiency. World-wide, about 2 billion people 
are affected by iron deficiency.’ 

The FAO World Food Summit resolved ‘to reduce 
the number of undernourished people in the world to 
half its present level by 2015’. 

Contemporary experience indicates that while emer¬ 
gency feeding programmes are necessary in special cir¬ 
cumstances, improving household access to food through 
poverty reduction is the only sustainable solution to the 
problem of endemic hunger. It is in this context that 
the following comprehensive definition of Food Security 
adopted at the Science Academies Summit held at MSSRF 
in July 1996 assumes relevance. 

• That every individual has the physical, economic, 
social and environmental access to balanced diet that 
includes the necessary macro- and micro-nutrients, 
safe drinking water, sanitation, environmental hygiene, 
primary health care and education so as to lead a 
healthy and productive life. 

• That food originates from efficient and environmentally 
benign production technologies that conserve and 
enhance the natural resource base of crops, animal 
husbandry, forestry, inland and marine fisheries. 

The principal operational implications of the Science 
Academies’ concept of food and nutrition security are 
the following: 

1. The physical dimensions of food and nutrition 
security will involve a transition from chemical- and 
machinery-intensive to knowledge-intensive and eco- 
friendly farming technologies. 

2. The economic dimensions of food and nutrition 
security require the promotion of sustainable livelihoods 
through multiple income-earning opportunities, such as 
can be offered through crop-livestock-fish integration, 
agroprocessing and agribusiness. Also, a job-led eco¬ 
nomic growth strategy involving micro-level planning, 
micro-enterprises and micro-credit will be necessary to 
achieve the goal of work opportunities for all. 

3. The social dimensions of food and nutrition require 
addressing gender, class and ethnic discrimination against 
marginalized sectors of society, who consequently tend 
to be the most nutritionally insecure. 

4. The environmental dimensions of food and nutrition 
security will involve attention to soil health care, water 
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harvesting and management and the conservation of 
biodiversity, as well as to sanitation, environmental 
hygiene, primary health care and education. 

Transition from Mendelian to molecular plant 
and animal breeding 

The stagnation in maximum yield levels during the 
nineties in crops like rice and wheat has been a cause 
for concern. Also, further increases in productivity will 
have to be achieved without associated ecological harm. 
Productivity-increasing technology and food-loss reduc¬ 
tion strategies, such as improved storage, processing and 
marketing should be ecologically sustainable, economi¬ 
cally viable and socially equitable. Cost and risk must 
be low and return must be attractive, if the poor are 
to derive benefit from new technologies. Recent research 



Scientists 


Farm Families 



Figure 1. (a) Double and (b) triple helix models of partnership. 
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on ecotechnologies involving low external input sustain¬ 
able agricultural practices suggests that farm yields can 
be doubled from the present level in many countries of 
Asia and Africa. 

What will be the impact of transition from Mendelian 
to molecular genetics on the productivity, profitability, 
sustainability and stability of major farming systems? 
Can a blend of Mendelian and molecular breeding help 
to raise ceiling to yield and help in developing strains 
possessing resistance/tolerance to a wide variety of biotic 
and abiotic stresses? Can the benefits associated with 
genetic engineering and recombinant DNA experiments 
outweigh risks? Can an internationally accepted biosafety 
protocol be appended soon to the Convention on Bio¬ 
logical Diversity? Will a blend of traditional and frontier 
technologies including bio-, information and space tech¬ 
nologies help us to produce more agricultural commodi¬ 
ties from less land and water without damage to the 
ecological foundations essential for sustainable advances 
in biological productivity? These questions need under¬ 
standing and answer, if the Malthusian predictions are 
not to come true in the coming millennium. 

Research for international and national public 
good 

Recent trends in the privatization of agricultural research, 
globalization of economies, introduction of trade-related 
intellectual property rights (TRIPS) leading to a strength¬ 
ening and widening of patent regulations; plant variety 
protection procedures and other forms of intellectual 
property rights (IPR) regimes lead to the question, ‘will 
the economically and socially underprivileged sections 
of farm families tend to get by-passed by frontier 
science?’ Should not research for public good get 
strengthened particularly in areas having a bearing on 
food and health security? What should be the future 
role of organizations like the Consultative Group on 
International Agricultural Research (CGIAR) and 
National Agricultural Research Systems (NARS) devoted 
to international and national public good? How can a 
symbiotic social contract be fostered between private 
sector companies and resource-poor families, with a 
view to including the excluded in terms of technological 
and skill empowerment? Who will carry out anticipatory 
research to help meet potential changes in temperature, 
precipitation, ultraviolet-B radiation and sea levels? Who 
will standardize technologies for managing the impact 
of climate on agriculture? 

The urgent need for strengthening research for public 
good at the global and national levels is obvious. There 
is also need for new patterns of research organization 


which can help to (a) promote ecologically and socially 
sustainable agriculture in partnership with farm men and 
women, and (b) foster meaningful partnerships among 
‘public good’ research institutions, private sector indus¬ 
tries and farm families. Such ‘double’ and ‘triple’ helix 
models of partnership are shown in Figure 1. 

In all such partnerships, principles of ethics and equity 
should guide the relationships among the partners. 

Dialogue outputs 

An inter-disciplinary Dialogue on the same topic as this 
article’s title (Chennai 28-31, January 1998) will address 
such issues in order to promote a new paradigm of 
farm research rooted in the principles of ecology, 
economics, social and gender equity and employment 
generation. 

The specific questions to be addressed are: 

• How can the 1996 FAO World Food Summit goals 
be achieved sooner? 

• How can the tools of frontier science and technology, 
such as biotechnology and information, space, renew¬ 
able energy and management technologies be converted 
into powerful instruments for fostering a job-led eco¬ 
nomic growth strategy which can minimize human 
deprivation and optimize opportunities for children 
being born for happiness and not just for existence? 

• How can agricultural and biotechnological research 
supported by public funds for public good and similar 
research supported by the private sector become 
mutually reinforcing, so that, irrespective of their 
individual strengths the collective strength of public 
and private sector R&D institutions becomes consid¬ 
erable. 

• What changes are needed in research programmes for 
achieving an internalization of considerations of eco¬ 
logy and gender and social equity in technology 
development and dissemination? 

• What changes are needed in the structure and strategies 
of national and International agricultural research cen¬ 
tres to achieve the twin goals of poverty eradication 
and natural resources conservation? 

The proceedings of the Dialogue will be published 
for widespread dissemination; in addition, the Dialogue 
will help formulate a framework for launching an Ecology 
of Hope initiative in agriculture. The purpose of this 
initiative will be to indicate sustainable options for 
achieving the goal of producing more food and other 
agricultural commodities under conditions of shrinking 
per capita arable land and irrigation water resources and 
expanding biotic and abiotic stresses. 
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Bacterial leaf blight of rice: New insights 
from molecular genetics 

Ramesh V. Sonti 

Centre for Cellular and Molecular Biology, Uppal Road, Hyderabad 50 0 007, India 


The bacterial pathogen Xanthomonas oryzae pathovar 
oryzae causes a serious disease of rice. Over the last 
decade, considerable progress has been made in the 
application of the techniques of genetics and molecular 
biology tov^^ards understanding the rice-Xanthomonas 
interaction. Several interesting pathogen genes for 
virulence and avirulence have been cloned. DNA 
fingerprinting studies have provided information about 
the genetic diversity within populations of this patho¬ 
gen. A number of rice genes that confer resistance 
against X. oryzae pv. oryzae have been tagged with 
closely linked molecular markers. Rice breeding lines 
with multiple resistance genes have been obtained by 
using these markers. The sequence of one of these genes 
suggests that it encodes a putative receptor kinase 
which recognizes an elicitor produced by the pathogen 
and initiates a signal transduction cascade that ulti¬ 
mately results in resistance. 


Xanthomonas oryzae pathovar oryzae causes bacterial 
leaf blight, a serious disease of rice (Box 1). The causal 
organism is a gram-negative bacterium belonging to 
family Pseudomonadaceaeh Almost all known members 
of the genus Xanthomonas are plant pathogens and cause 
a number of economically important diseases. Athough 
the genus as a whole has a broad host range, individual 
members are specialized for causing disease on related 
species of plants. X. oryzae pv. oryzae causes disease 
on cultivated rice and its wild relatives. 

Leaf blight symptoms are characterized by yellowing 
and drying which begin at the tips of rice leaves and 
spread down one or both sides of the leaf or through 
the mid-vein (Figure 1). The pathogen gains entry into 
the plant either through wounds or natural openings 
called hydathodes that are concentrated at the edges of 
rice leaves^. The bacterium multiplies inside the xylem 
vessels and travels through them to more distant parts 
of the leaf or in some cases to other parts of the plant. 
The bacterium exits from the leaf in the form of ooze 
drops that collect on the leaf surface. Wind and rain 
contribute to dispersal of the pathogen, by splashing the 
ooze onto uninfected plants^ The pathogen might survive 
when rice is not cutivated either in dry plant parts left 
over from the previous harvest, in seeds or on wild 
relatives of rice"^. Several reviews of the pathology and 
epidemiology of X. oryzae pv. oryzae are available and 
can be referred to for details^’^. 
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Bacterial leaf blight affects the rice crop in all major 
rice-growing countries of Asia and has also been reported 
in Africa, Australia and the Americas'^. In India it is a 
serious problem during the south-west monsoon season. 
The high wind and rain that are experienced during this 
time of the year are believed to aid in rapid dispersal 
of the pathogen. In severe infections, yield losses can 
range from 20 to 40%. The application of molecular 
genetic techniques is providing an increased under¬ 
standing of the basic biology of the rice-X oryzae pv. 
oryzae interaction and opening up new possibilities for 
reducing yield losses. This review is a summai*y of 
recent advances made in this area. 



Figure 1, Disease symptoms of Xanthomonas oryzcie pv. oryzae 
infection on rice, a, A healthy rice leaf, b, Leaf blight symptoms that 
are caused by Xanthomonas oryzae pv. oryzae. The disease lesion is 
advancing down the mid-rib. 

CURRENT SCIENCE, VOL. 74, NO. 3, 10 FEBRUARY 1998 








































































































REVIEW ARTICLE 


Development of methodology 

Molecular genetic studies on this bacterium were initiated 
about a decade ago^ Since then, several broad host 
range plasmids that will replicate in X oryzae pv. oryzae 
have been identified and genomic libraries constructed^'^"^^ 
Protocols have been standardized for transfer of plasmids 
into this bacterium either by conjugation with donor 
Escherichia coli strains or by electroporation^'^’*^ Two 
different restriction-modification (r~m) systems are pre¬ 
sent in certain Philippine strains of X oryzae pv. oryzae^^. 
A strong restriction barrier has been found in an Indian 
X oryzae pv. oryzae strain that lacks both of the 
previously identified systemsIt is therefore likely that 
other r~m systems are present in this bacterium. Neu¬ 
tralization of the restriction barrier either by mutation 
or by cloning the appropriate modification enzyme/s will 
greatly facilitate molecular genetic studies on this 
bacterium. The observation that mutagenesis using 
mini-transposon 5 derivativescan be performed in 
X oryzae pv. oryzae^^^ indicates that transposon 
tagging methods can be used to clone and charac¬ 
terize interesting genes. Insertion element sequences 
that are native to the genome of X oryzae pv. oryzae 
have been identified and their ability to transpose 
has been demonstrated^ These insertion elements 
have been used as probes for DNA fingerprinting 
of X oiyzae pv. oryzae strains (see later section for 
details). 

Extracellular polysaccharide-deficient mutants 

Like other xanthomonads, X oryzae pv. oryzae produces 
copious amounts of extracellular polysaccharide^^ (EPS). 
Spontaneous EPS and virulence-deficient mutants have 
been described^"^’^^. These mutants accumulate only in 
prolonged stationary phase cultures and not in exponen¬ 
tially growing cultures, suggesting that starvation may 
contribute either to the formation or selection of these 
mutants^^. Several stationary phase selected EPS and 
virulence-deficient mutants are hypersensitive to hydro¬ 
gen peroxide, suggesting that functions other than those 
directly involved in EPS synthesis may be mutated in 
these strains. A gene that encodes a positive regulator 
of EPS biosynthesis has been cloned^^. ‘ Mutations in 
this gene affect symptom expression but do not impair 
growth in rice. Loss of an endogenous plasmid has also 
been associated with EPS and virulence deficiency^^ 
The virulence deficiency associated with these various 
mutants suggests that EPS is an important virulence 
factor. However, in all of the above it is not possible 
to state categorically that the virulence defect is solely 
due to the EPS deficiency as other functions may be 
affected either by plasmid loss or by mutations in 
regulatory genes. 


Genetics of pigment synthesis 

Xanthomonadin is a yellow, membrane bound brominated 
aryl polyene pigment that is a characteristic feature of 
the members of the genus Xanthomonas^'^^ (Box 2). 
Characterization of pigment-deficient mutants suggests 
that xanthomonadin is not essential for virulence of X 
oryzae pv. oryzae^"^'^^ but may provide protection against 
photo-biological damage^^ A heterologous probe from 
Xanthomonas campestris pv. campestris^^, which causes 
disease on plants like cabbage and mustard, has been 
used to clone a cluster of X oryzae pv. oryzae genes 
involved in xanthomonadin biosynthesis^^. Reporter gene 
fusions are being made to promoters of pigment genes 
to assess their regulation; specifically to determine 
whether they are expressed during growth within the 
rice plant. 

Hypersensitive response and pathogenicity 
mutants 

The interaction between a particular strain of a plant 
pathogen and its host plant can result in either resistance 
or susceptibility. In a resistance response, the presence 
of the pathogen is detected in a timely manner by the 
host and a defense response is mounted which limits 
spread of the pathogen. This response is characterized 
by hypersensitivity to the pathogen and results in death 
of host cells in the infected area along with those of 
the pathogen^"^. If the pathogen is able to evade the 
host recognition mechanism (see next section for details) 
it can multiply and cause disease. Infection of a non-host 
plant can also lead to induction of a hypersensitive 
response. The hypersensitive response of tomato is easily 
visualized as rapid necrosis of infected portions of the 
leaf. Mutants of X oryzae pv. oryzae have been isolated 
that do not induce a hypersensitive response in the 
non-host tomato^^. These mutants are also severely de¬ 
ficient for virulence on rice and have been called hrp 
(hypersensitive response.and pathogenicity) mutants. 

Hrp" mutants were reported earlier in several plant 
pathogenic bacteria and the affected genes have been 
characterized^^. They are present in gene clusters spanning 
24-40 kb. These genes are homologous^'^ to previously 
characterized protein transport systems in several animal 
pathogenic bacteria^®’^^ which are dedicated specifically 
for export of bacterial proteins (virulence factors) into 
eukaryotic host cells. 

A hrp gene cluster has been isolated from X oryzae 
pv. oryzae and partially characterized^^. An interesting 
observation is that co-inoculation with a Hrp'*' strain will 
rescue, in plants, the virulence deficiency of a hrp 
mutant. This is consistent with the possibility that the 
hrp genes of X oryzae pv. oryzae are encoding a protein 
export system. However, very little information is avail- 
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Box 1. Rice diseases of special relevance to India 

Besides bacterial leaf blight, several other serious rice diseases like blast, sheath blight and tungro occur 
In India. 

Rice blast caused by the fungus, Pyricularia grisea, is one of the most destructive diseases of rice. The 
pathogen affects rice and several other grasses.' Disease lesions occur on all aerial parts of the plant, 
except the leaf sheath. A particularly destructive phase of the disease, called panicle blast, is associated 
with infection of the rice panicle (inflorescence). Cultivation of resistant varieties, application of fungicides 
and implementation of appropriate cultural practices are being employed for disease control. 

Sheath blight is another serious disease of rice. The causal organism, Rhizoctonia solani, is capable of 
infecting several grass species as well as other plants. Disease lesions are Initiated on the leaf sheath, 
and under favourable environmental conditions, spread rapidly to other aerial parts of the plant. Rice 
cultivars that are resistant to this disease have not yet been obtained and the application of fungicides is 
the most effective means of disease control. 

Tungro is the most serious viral disease of rice. It is caused by Infection with rice tungro bacilliform 
virus (RTBV) and rice tungro spherical virus (RTSV). The RTBV genome is a circular double-stranded DNA 
molecule while the RTSV genome is a single-stranded RNA molecule. The viruses are transmitted through 
the green leaf hopper insect vector, Nephotettix virescens. Symptoms are characterized by stunting of 
plants and a yellow to yellow-orange discoloration of leaves. Disease control measures are aimed at 
controlling the insect vector and the cultivation of resistant varieties, crop sanitation and crop rotation. 

Besides the above-mentioned diseases, the rice plant is subjected to more than 50 other diseases caused 
by a number of viral, bacterial and fungal pathogens. Fortunately, at present, many of these diseases are 
not of a serious nature. However, future changes in agricultural practices might make some of these 
diseases much more serious than they are today. (Source: Webster, R. K. and Gunnell, P. S., Compendium 
of Rice Diseases, The American Phytopathological Society, USA, 1992.) 


able about the candidate proteins that might be exported 
through such a transport system. A Hrp" phenotype is 
also caused by mutations in a gene that appears to 
encode a positive regulator of other hrp genes'^^'^^ 
Several Hrp'*', virulence-deficient mutants of X. oryzae 
pv. oryzae have also been identified. Unlike the Hrp” 
strains, the virulence deficiency of these mutants is not 
complemented by co-inoculation with the wild type 
strain, suggesting that the mutants are deficient in func¬ 
tions that act within individual bacterial cells"^^. These 
mutants are EPS^ and do not appear to have any general 
growth or nutritional deficiencies. Cloning and charac¬ 
terization of the affected genes is likely to provide more 
information about their role in virulence. 

Avirulence genes 

On the basis of the genetic analysis of interaction 
between a pathogenic fungus and flax plants, it was 
postulated that resistance is determined by a gene for 
gene interaction between the plant and the pathogen'^^ 
According to this hypothesis, host plant resistance is 
triggered by the specific interaction between a resistance 
gene product and an elicitor produced by the pathogen. 
The pathogen gene that controls elicitor production is 
called an avirulence gene because its activity makes the 
microbe avirulent. It was suggested that the pathogen 
contains a number of avirulence genes and that each of 
these avirulence genes has cognate resistance genes in 
the host. This hypothesis has been largely validated by 


the cloning of several avirulence genes from phytopatho¬ 
gens and disease resistance genes from plants"^'^'^^, 

A family of avirulence genes, that had been previously 
described in several other xanthomonads, has also been 
identified in X, oryzae pv. oryzae. Two of the members 
have been characterized extensivelyand each of them 
is recognized by a specific resistance gene in the rice 
plant. Although 7-14 members of this family are present 
in X. oryzae pv. oryzae strainsall of these genes 
may not be functional. The mode of action of these 
avirulence genes in eliciting host plant resistance is 
unknown. The elicitor may either be the avirulence gene 
product itself or a result of its activity"^"^. Avirulence 
gene activity is dependent on the presence of functional 
hrp genes"^"^. One possible model that has emerged is 
that the avirulence gene products are directly transported 
into plant cell nuclei through the hrp system. Consistent 
with this possibility, an avirulence gene product of the 
cotton pathogen, Xanthomonas campestris pv. mal- 
vacearum, has been found to contain signals that will 
target it to plant nuclei"^^. . 

The avirulence genes pose a paradox. Why should 
the pathogen carry genes that allow the host to recognize 
it? The answer may be that the avirulence gene products 
function as virulence factors and thereby confer a 
selective advantage to the pathogen. It has indeed been 
found that at least some members of this gene family 
are required for optimal virulence'^'^’'^^. During evolution, 
plants might have elaborated resistance genes that rec¬ 
ognize these virulence functions as a cue for mounting 
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Box 2. Structure of xanthomonadin ! 

Xanthomonadins are brominated, aryl polyene 
pigments that are characteristic of the genus 
Xanthomonas. Very little information is available 
about xanthomonadin biosynthesis except for the 
suggestion that the aromatic ring may be derived 
from the shikimate pathway and that the polyene 
chain may be derived from the polyketide path¬ 
way. No information Is available about the steps 
involved in bromination. 
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a defense response. The virulence genes are thus con¬ 
verted into avirulence genes. A game of evolutionary 
hide and seek might have been initiated with the pathogen 
mutating its avirulence genes to evade recognition by 
the host plant, which in turn evolves new resistance 
genes to detect the modified forms of the pathogen. 

Host resistance genes 

At least 19 rice loci that condition resistance against 
various strains of X. oryzae pv. oryzae have been 
identified^^’'^^-^. A majority of the resistance genes are 
dominant in nature while a few like xa-5 and xa-l3 
are recessive^^\ Some resistance genes are active only 
at particular stages of plant development^\ Nine different 
resistance genes have been tagged by closely linked 
molecular markers. These genes are Xa-3, Xa-4, xa-5, 
Xa-10 (ref. 52), xa-/J (ref. 53), Xa^l (ref. 54), Xa-7, 
Xa-11 (ref. 55) and Aa-27 (ref. 56). The molecular 
markers can be used as indirect indicators of the presence 
of a resistance gene, i.e. in marker-aided selection. They 
are of advantage to plant breeders as they facilitate the 
creation of rice lines carrying multiple resistance genes 
by obviating the necessity to conduct phenotypic assays 
for the presence of each resistance gene. With the aid 
of these markers, 16 rice lines that are homozygous for 
particular pairs of resistance genes have been obtained^^’^^. 
Rice lines that are homozygous for four different resis¬ 
tance genes have also been reported^^. This is significant 
because incorporation of multiple resistance genes into 
rice cultivars, a process called gene pyramiding, can be 
expected to result in more broad based and durable 
resistance. The rice lines that carry multiple resistance 
genes exhibit a broader spectrum and higher level of 
resistance than the single gene containing parental lines . 
Several quantitative trait loci (QTL) that provide resis¬ 


tance against X. oryzae pv. oryzae have also been 
tentatively localized, using molecular markers to certain 
regions of rice chromosomes^^’^^ 

The Xa-21 disease resistance gene has been isolated 
by map-based cloning methods^^ This gene is derived 
from Oryza longistaminata, a wild relative of Otyza 
sativa (the cultivated rice). It was initially crossed into 
the cultivated rice background^“’^\ and tagged with 
closely linked molecular markers^^*^^. Xa-2] belongs to 
a gene family whose other members also cluster to the 
same genomic region^"^. Sequence analysis indicates that 
the Xa-21 gene encodes a putative receptor kinase with 
an extracellular domain that contains several leucine-rich 
repeats. Similar repeats in other proteins have been 
implicated in protein-protein interactions. The extracel¬ 
lular domain of Xa-21 might interact with an elicitor 
(possibly a peptide) that is released by the pathogen. 
This interaction might activate the kinase domain of the 
protein which can then initiate a signal transduction 
cascade that leads to resistance. Sequence comparison 
indicates that the Xa-21 gene is homologous to several 
other disease resistance genes that have been cloned 
from plants^^’^^ Another interesting observation is that 
the Xa-21 gene confers resistance against a majority of 
X. oryzae pv. oryzae strains that were collected from a 
number of countries*’^. This is unusual for a single 
resistance gene and suggests that it might either recognize 
multiple pathogen avirulence genes or a single avirulence 
gene that is widely distributed in the pathogen population. 

A yeast artificial chromosome (YAC) clone that carries 
the Xa-1 disease resistance gene has been identified^^ 
and recently, the isolation of this gene has also been 
reported^l The deduced amino acid sequence of the 
Xa-1 gene indicates that it has leucine-rich repeats and 
is in this respect similar io Xa-21. This is consistent 
with the emerging theme that plant resistance genes 
contain leucine-rich repeats that are involved either in 
recognizing elicitors produced by the pathogen or in 
interaction with other components of the resistance sig¬ 
naling pathway. Expression of the Xa-1 gene is reported 
to be undetectable in uninfected leaves but is induced 
by inoculation with the pathogen^^. 

Induction of the rice resistance response against X. 
oryzae pv. oryzae has been shown to be associated with 
accumulation of a cationic peroxidase in the xylem 
vessels^^^’^^ as well as increased synthesis and deposition 
of lignin^^. The cationic peroxidase appears to be syn¬ 
thesized in adjacent parenchyma cells and transported 
to the xylem vessels. A redistribution of membrane phospho¬ 
lipase D in close juxtaposition to points of contact with 
X. oryzae pv. oryzae has also been reported . The exact 
contribution of each of these changes towards the deve¬ 
lopment of resistance needs to be determined dong with 
an understanding of the other physiological and biochemical 
changes that occur during a resistance response. 
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Genetic engineering 

As indicated above, the Xa-21 gene provides protection 
against a number of X. oryzae pv. oryzae strains. This 
raises the possibility that bacterial leaf blight resistance 
can be introduced directly into elite rice cultivars by 
genetic transformation with the Xa-21 gene. This was 
shown to be possible by the introduction of Xa-21 into 
the improved rice varieties IR64 and IR72 (ref. 74). An 
alternative strategy is to express peptides or proteins 
with bactericidal activity in rice. Initial results suggest 
that rice plants expressing cecropin B (which is a 36 
amino acid basic polypeptide isolated from a giant 
silkworm) exhibit enhanced resistance against X. oryzae 
pv. oryzae^^. 

DNA fingerprinting methods 

Traditionally population diversity has been determined 
by examining differences in the ability of individual 
strains to cause disease on rice cultivars that carry 
different resistance genes. This method is time-consuming 
and the results are affected by environmental factors. 
DNA fingerprinting methodology allows numerous loci to 
be screened under controlled conditions in the laboratory. 
Several multi-locus probes for RFLP analysis have been 
developed^^’^^ and used to determine the genetic diversity 
in X oryzae pv. oryzae populations^^’^^-^*^. These probes 
include endogenous insertion sequences and an avirulence 
gene. A microsatellite oligonucleotide probe as well as 
a human minisatellite probe have also been shown to 
detect substantial genetic diversity in X. oryzae pv. 
oryzae^^\ Restriction digestion of genomic DNA with 
the enzyme Pstl and visualization by ethidium bromide 
staining after agarose gel electrophoresis has been applied 
to detect pathogen variability^'. However, the large num¬ 
ber of fragments that are generated by this method 
makes it difficult to score the identity of individual 
fragments with certainty. 

PCR-based methods have been developed for assessing 
genetic diversity of X. oryzae pv. oryzae^'^'^^. These 
methods are more efficient and are useful for rapid 
evaluation of a large number of samples. The PCR 
primers that were initially used for DNA fingerprinting 
of X. oryzae pv. oryzae^^ were based on the consensus 
sequences of small, intergenic repetitive elements that 
are present in many bacterial genomes'^'^"'^^. Subsequently 
primers that require shorter amplification times were 
developed'^^. These are based on the end sequences of 
X. oryzae pv. oryzae insertion elements and were designed 
to amplify genomic sequences that lie between adjacent 
insertions of these elements. The groupings of strains 
obtained by PCR analysis are similar to those obtained 
by RFLP analysis''^’'^^ 

An interesting aspect of pathogen population structure 
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that has emerged from the DNA fingerprinting studies 
is the observation that closely related isolates of the 
pathogen can be present in widely separated geographic 
locations. This was initially suggested by Adhikari et 
al?^ who surveyed strains from many locations in Asia 
and observed that certain groups contained strains from 
different countries. George et alP reported that one 
closely related group of X. oryzae pv. oryzae constitutes 
98% of strains in a collection of Indonesian isolates 
and 86% of strains in a collection of Philippine isolates. 
This distribution is observed in spite of the presence 
of ocean barriers that separate these two countries. 
Yashitola et alP observed that another closely related 
group of strains constitutes 82/90 strains in a collection 
of Indian isolates of X. oryzae pv. oryzae. These strains 
were collected from 23 locations in India that are 
'‘^separated from each other by several hundred to several 
thousand kilometres. Since multi-locus probes were used 
in these studies, it is unlikely that the related strains 
arose independently at various locations and suggests 
that pathogen migration has occurred. One way in which 
the pathogen can migrate across such large distances is 
through infected seed. 

DNA fingerprinting studies on Indian X. oryzae pv. 
oryzae strains are currently being performed by several 
groups^'^’""’'^^. These studies have not yet led to a uniform 
picture of the population structure of this pathogen in 
India. This may be due to the different probes that are 
being used by the various groups. 

Future prospects 

The research reviewed indicates that considerable pro¬ 
gress has been made during the last decade in our 
understanding of the ncQ~Xanthomonas interaction. 
Future research can be expected to provide a clearer 
picture of pathogen population structure and modes of 
migration; as well as increase our understanding of the 
functions of virulence and avirulence genes and the role 
of hrp genes in the infection process. The characterization 
of rice resistance genes and intermediate steps in the 
resistance process will shed light on the mechanistic 
basis of host plant resistance. The application of 
molecular markers will facilitate studies of quantitative 
trait loci that confer resistance against X. oryzae pv. 
oryzae. From a practical perspective, marker-aided se¬ 
lection is likely to be increasingly used in developing 
rice cultivars that have favourable combinations of dis¬ 
ease resistance genes. Bacterial leaf blight resistance 
will be introduced into elite rice cultivars by direct 
transformation using rice or non-rice genes that confer 
resistance against X. oryzae pv. oryzae. 
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Because the elastic deformation of rock is fundamental 
to the earthquake process, geodetic surface measure¬ 
ments provide a measure of both the geometrical 
parameters of earthquake rupture, and a measure of 
the temporal and spatial development of elastic strain 
prior to rupture. Yet, despite almost 200 years of 
geodesy in India, and the occurrence of several great 
earthquakes, the geodetic contribution to under¬ 
standing future damaging earthquakes in India 
remains minor. Global Positioning System (GPS) 
geodesy promises to remedy the shortcomings of 
traditional studies. Within the last decade, GPS studies 
have provided three fundamental constraints concern¬ 
ing the seismogenic framework of the Indian Plate: its 
overall stability (< 0.01 pstrain/year), its velocity of 
collision with Asia (58 ± 4 mm/year at N44E), and its 
rate of collision with southern Tibet (20.5 ±2 mm/ 
year). These NE directed motions are superimposed 
on a secular shift of the Earth’s rotation axis. As a net 
result, India currently moves southward at 8 ± 1 cm/ 
year. In the next few decades we can expect GPS 
measurements to illuminate the subsurface distribution 
and rate of development of strain in the Himalaya, the 
relative contributions of along-arc and arc-normal 
deformation in the Himalaya and southern Tibet, and 
perhaps the roles of potential energy, plastic deforma¬ 
tion and elastic strain in the earthquake cycle. 

Although geodesy was practiced in ancient Greece, 
accurate measurements of angle and distance only became 
possible following the development of the telescope and 
precise ruling engines. The fundamental techniques of 
triangulation and distance measurement developed in 
Europe were adapted and refined to map India in the 
early 19th century to an accuracy of roughly 10 parts 
per million in area (based on distance measurement), 
and 1 ppm in shape (angular measurement)‘’I Angle 
measurements remained superior to distance measure¬ 
ments until the development of laser-ranging devices in 
the late 1960s when it became possible to measure both 
angle and distance to 1 part per million, limited by 
uncertainties in atmospheric refraction^ Measurements 
remained limited to line-of-sight distances until the avail- 
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ability of Global Positioning System (GPS) geodesy in 
1985. Like terrestrial measurements, the accuracy of 
GPS measurements is also limited by the atmosphere 
to roughly 1 part per million over conventional line-of- 
sight distances (e.g. 3 mm per 3 km), but because the 
contribution to errors from the atmosphere remains un¬ 
changed beyond the horizontal equivalent of about two 
atmospheric thicknesses, GPS methods deliver 3 mm 
positioning accuracies over thousands of A great 

advantage over conventional geodesy is that GPS methods 
do not require line of sight between measurement points. 
GPS methods may thus be used in mountains between 
points in valleys, and at times when clouds or haze 
would otherwise obscure visible observations. With a 
few hours of data 1 cm accuracy is possible; with 3 
days of data 3 mm is typical, and with continuous 
observations for several weeks accuracies may approach 
1 mm (ref. 8). Sub-mm GPS repeatability on a 43 km 
line has been obtained using supplementary measurements 
of atmospheric water vapour^ Currently geodetic 
accuracies are limited by the stability of control-points 
in the ground*“"'^ and various engineering methods have 
been devised to improve these^^"'^. 

In that GPS technology permits future deformation 
and translation of the Indian plate to be monitored to 
mm precision, it is timely to review the contributions 
to these studies from the past two centuries of geodesy 
in India. Despite the importance of geodesy for moni¬ 
toring crustal deformation associated with earthquakes, 
relatively few events have left a satisfactory record of 
strain changes associated with their passage. Large earth¬ 
quakes near the margins of the Indian plate associated 
with displacement of several metres are incompletely 
covered by the Great Trigonometrical Survey of India, 
and small events with correspondingly smaller displace¬ 
ments have typically occurred between the first-order 
triangulation networks, or where second-order surveys 
prevail’^. Notwithstanding the incompleteness of the his¬ 
torical analysis of these data, the geodetic record contains 
an important foundation for future studies. 

The article consists of four parts: an overview of the 
geodetic setting of India, a discussion of largely incom- 
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plete geodetic constraints available for five great thrust 
earthquakes, a summary of the 6 years of GPS data in 
the Nepal Himalaya, and a discussion of applications 
for GPS geodesy of relevance to the study of future 
Himalayan earthquakes. 

Astrogeodesy and the geoid in India 

The geoid is an equipotential surface that parallels the 
surface of an ocean free from currents, tides, tractions 
and thermal variations. The geoid is important in geodesy 
because it represents the elevation to which sea level 
elevations are referred. In the early 19th century this 
surface was approximated by a local datum, the Everest 
spheroid, which in southern India is accurate to ± 1 m 
but which becomes less accurate in regions of high 
geoid gradient, such as the Himalaya. The currently 
imprecise relation between the geoid, the Everest sphe¬ 
roid, and vertical coordinates determined with GPS 
positioning methods prevents the application of GPS 
measurements to the determination of height. For ex¬ 
ample, despite the operation of GPS receivers on the 
summit of Mt. Everest^^, the true elevation of Mount 
Everest will remain uncertain until the Himalayan geoid 
becomes better defined. Eventually a precise conversion 
between geoid height and WGS84, the reference datum 
used by GPS, will be available worldwide, but until 
that time the measurement of sea level heights with 
GPS geodesy will require large and sometimes very 
approximate corrections. 

Centered on the Indian plate is the largest geoid 
depression of the Earth’s surface (Figure 1), a feature 
that is presumably related to deep mantle processes. 
From a -106 m low south of Sri Lanka the geoid rises 
steadily toward Tibet where it averages - 40 m below 
the Earth’s mean ellipsoidal surface. Maximum geoid 
gradients occur along the Asian convergent plate bounda¬ 
ries that form NW/SE trending arcs in Figure 1. In 
contrast to the collisional boundary that forms the 
Himalayan arc, the SW edge of the Indian plate consists 
of an oceanic spreading center with minor geoid relief. 
The SE plate boundary is diffusely illuminated with 
microseismicity indicating weak rotation relative to the 
Australian plate that has caused contraction and buckling 
of the sea floor. The relatively straight NW transform 
boundary of the Indian plate is approximately parallel 
to the motion of India inferred from global plate 
reconstructions^*, a direction recently confirmed from 
GPS measurements of the translation of Bangalore. These 
studies reveal N44E directed slip relative to Euro-Asia 
at 58±4mna/year (ref. 19). At present, insufficient data 
exist to determine the rotation of India relative to Tibet, 
and although geodetic data confirm that India is rotating 
relative to the Australian plate*'^ it will be some time 
before an accurate estimate of the pole and rotation rate 
can be determined. 


Historical measurements of latitude and the 
southward translation of India 

The 16 mm/km southward slope of the geoid in southern 
India causes astrogeodetic observations of latitude to be 
systematically biased « 140 m to the south unless they 
are corrected for the anomalous elevation of the southern 
horizon (Figure 2). The first reported measurements of 
latitude were made in southern India in 1805 (ref. 20) 
and were repeated from time to time throughout the 
19th century. Because the latitude of Madras was meas¬ 
ured to approximately 2.5 m precision several times 
since 1830 and India has moved northward towards 
Asia 6.5 m since then, it is possible in principle to use 
latitude observations to confirm the inferred northern 
component of crustal translation. However, two polar 
motion signals obscure any simple comparison of past 
and present latitudes. The first is a 6-year cyclic variation 
in latitude with an amplitude of 5-10 m caused by the 
summation of the 12-month and 14-month oscillations 
in the orientation of the Earth’s spin axis. The 12-month 
wobble is stimulated by meteorological variations, and 
the 14-month wobble is the resonant period of the 
rotating elastic Earth^\ Because the amplitudes of neither 
of these are constant, they can be exactly removed only 
by contemporaneous measurements of pole position^^. 
These are now routinely computed for daily GPS position 
determinations (to cm accuracy) but in the early 19th 
century accuracies were limited to 2-4 m based on the 
statistical uncertainty of many weeks of stellar obser¬ 
vations. 



Figure 1. Indian plate boundaries and the underlying geoid illuminated 
from the north with superimposed 20 m contours. East-west buckling 
near the diffuse southern boundary of the plate (dashed) is manifest 
as geoid undulations of the sea floor (NASA geoid). The Indian 
subcontinent is outlined weakly by a geoid undulation following the 
coast. Buckling has also been reported in Tibet^^^”. 
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Figure 2. Profile from the Tarim Basin (left) to the Indian Ocean showing geoid'^’'’'“- and topographic variations. Regular topographic undulations 
evident in Tibet are interpreted as buckling of the Plateau'^^l Note. Topography is plotted relative to sea level (scale at right). Geoid heights 
are plotted relative to the spheroid (scale at left). 


A second uncertainty results from viscoelastic adjust¬ 
ments of the Earth’s mantle that cause the Earth’s spin 
axis to move at 12 cm/year toward Hudson’s Bay 
(xi 90°W). This shift in the spin axis moves latitudes at 
90°E longitude southward at a mean rate of 12 ±2 cm/ 
year (ref. 23). Thus Siberia moves south relative to the 
spin axis at 12 cm/year assuming a negligible contribution 
from spreading of the mid-Atlantic ridge at Arctic 
latitudes which are close to the Eurasian/North American 
rotation pole. The northerly component of plate conver¬ 
gence between the Indian plate and Siberia at 3.8 cm/year 
slows India’s southward movement to approximately 
8 ± 2 cm/year. Hence the latitude at Madras should now 
be 11 m south of its 1860 position, and not 5.4 m north 
as derived from inferred plate motions assuming Eurasia 
fixed relative to the spin axis. In Figure 3 we compile 
data from various published sources that suggest that 
India is indeed moving south. The shift in latitude for 
southern India was determined by averaging the latitude 
change of eight 19th century points determined in 1994 
with GPS methods^^. In this figure we used a coordinate 
transformation to convert the WGS84 GPS position of 
Madras to its position referred to the Everest datum. 
However, the parameters of this transformation were 
determined for points in India whose latitudes were 
determined at various times in the 19th century while 
th^ continent was moving southward. Hence the observed 
rate of 4.9 cm/year is diluted by the weighting of recent 
and historic latitude control used to determine the co¬ 
ordinate transform. A precise estimate based on historical 
astrogeodetic data clearly requires several contemporary 
astrogeodetic measurements^'*'. Present polar motions are 
measured daily by continuous GPS receivers at Bangalore 
and in Asia to mm/year precision. 

Because mass changes were rapid during ice melt, 
but are now moderated by viscous mantle flow, the 
inferred southward translation of Asia has slowed in 
rate since the melting of the northern Hemisphere ice 
sheets. The corollary of this statement is that the south¬ 
ward latitudinal displacement of Tibet since the last 
glacial maximum is significantly greater than the 1.2 km 
inferred from applying current rates over the last 10 k 
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years. Glacial-interglacial variations in latitude at the 
longitudes of Tibet are likely not to exceed 1 degree^^ 
with perhaps minor direct effect on long term climate 
in India. However, because of its low mean temperature 
the radiation/absorption balance of the Tibetan plateau may 
be sensitive to subtle latitudinal shifts and consequent 
changes in the persistence of snow cover, such that the 
inferred 1 degi'ee post-glacial shift in latitude may have 
had an important influence on monsoon driving conditions. 

Stability and seismicity of the Indian plate 

The plate tectonic theory assumes rigid undeformable 
plates separated by mobile collisional zones. Yet seismic 
activity within the Indian plate is significantly higher 
than in many intraplate environments and moderate 
earthquakes are common, apparently responding to a 
NE-directed compressional stress^^. Stresses in the SE 
corner of the plate near its boundary with the Australian 
plate are manifest as buckling of the ocean floor at 
wavelengths of 200-300 km (ref. 27-29). Although these 
long wavelength folds reduce in amplitude northward 
and are barely evident in the southernmost Bengal fan, 
buckling of the sub-continent has been proposed^^ and 


h lOm 



Figure 3, Changes in latitude of Madras latitude observatory (least 
squares fit 49 ± 20 mm/year southward) are lower than the southward 
motion in India inferred from the past 150 years of International 
Latitude Service (ILS) polar motion data (79 ± 20 cm/year) possibly 
because of the inclusion of latitude observations obtained over many 
decades in the 19th century (see text). Boxes indicate the latitude 
uncertainty and the time period for which the data were analysed. 
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although geological evidep«e for uplift and subsidence 
from recent coastal features is not compeliing, leveling 
data (Figure 4) and analyses of data from tide gauges 
along the Malabar coast suggest that very long wave¬ 
length deformation may indeed be occurring^ ^ Remeas¬ 
urements of survey points south of Madras in 1994 
place an upper limit for horizontal deformation in south¬ 
ern India since 1860 of less than 0.01 [xstrain/year (ref. 
32). This recent survey, however, is somewhat insensitive 
to vertical deformation at the scale suggested by the 
coastal data, 

GPS data (1996-1991) between the Terai of southern 
Nepal and Bangalore show a convergence rate of 0-3 
mm/year (ref. 33). Although these data cover only a 
short time span, the inferred strain rate of <2 nano¬ 
strain/year places a yet more severe constraint on the 
current stability of the sub-continent. The time interval 
spans two damaging earthquakes (Udaipur and Latur) 
requiring these events, as expected from their small 
magnitude, to have little effect on the overall deformation 
of the Indian plate. 

Notwithstanding the anomalous vertical deformation 
apparent on the Malabar coast, the slow rate of defor¬ 
mation of southern India is typical of an intraplate 
environment and suggests that earthquakes should have 
renewal times of several thousand years. The underlying 
assumption is that although the absolute level of strain 
is unknown, strain released by earthquakes is of the 
order of 100 distrain requiring > 10,000 years for its 



Figure 4. Quaternary basins on the SW coast of India may be 
associated with long wavelength buckling. Shaded coastline = emergent, 
white coastline = submergent. Subsidence contours (mm/year) from 1860 
to 1980 leveling data^“^ are consistent with 1950-1980 tide gauge data 
(PSML) that indicate that Cochin is subsiding relative to Mangalore 
(Figure 5). 
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redevelopment at a rate of < 0.01 pstrain/year. If this 
assumption is correct, it implies that damaging earth¬ 
quakes on specific faults in Peninsular India should 
have no precedents in the written historical record. 
Moreover, it implies that faults that slipped in recent 
earthquakes should not be assigned high probabilities 
for future rupture. This is, of course, orthogonal to the 
current practice in Peninsular India, where every recent 
earthquake invites the assignment of higher earthquake 
risk to that region^'^. However, because slip of a local 
fault will stress nearby faults closer to failure, the 
practice can be defended. 

The incomplete geodetic constraint of historic 
thrust Earthquakes in India 

Whereas the replenishment of strain within the Indian 
plate is slow, its absolute level is presumably in many 
locations close to failure. Earthquakes effectively tap a 
reservoir of stored elastic energy that has developed 
over many thousands of years. The abrupt release of 
elastic strain in Indian earthquakes imprints a pattern 
of deformation on the Earth’s surface that provides a 
powerful tool to examine the geometry and extent of 
subsurface faulting. Strain release during earthquakes is 
typically of the order of 100 pstrain^^, resulting in dis- 



Figure 5. Uplift during the 1819 Kachchh earthquake dammed the 
Kori River and submerged the region surrounding the fort at Sindri, 
Shallow faulting formed the 80 km long Allah Bund whose approximate 
profile was mapped in 1827 (lower panel). On the basis of morphological 
changes recorded by Survey of India maps, Oldham^^ suggested that 
faulting may have extended a further 100 km to the east (dashed). 
Elastic models of deformation field point to > 11 m of reverse slip on 
a blind thrust dipping »70°N. Earthquakes epicenters 1941-96 
3.5 < Af < 5 from PDE. 

CURRENT SCIENCE, VOL. 74, NO. 3, 10 FEBRUARY 1998 
















RESEARCH ARTICLES 


placements of the order of 10 cm for 1 km long faults, 
and 10 m for 100 km long faults. These displacements 
exceed the uncertainties of traditional geodesy and it is 
thus disappointing to report that no Indian earthquake 
hitherto has been well-constrained by geodetic observa¬ 
tions in India. This is partly due to the location of 
large events near the margins of the Great Trigonomet¬ 
rical Survey, and partly due to the sparse spacing of 
control points that provides poor constraints for smaller 
events. In the following section, we examine briefly 
geodetic data relevant to the five largest earthquakes to 
have occurred in India in the past 200 years. 

The Kachchh 16 June 1819 event 

The largest intracontinental earthquake, and the first for 
which crustal deformation in India was quantified, albeit 
imperfectly, was the 16 June 1819 Rann of Kachchh 
earthquake near the current India-Pakistan border (Figure 
5). Uplift in this event created an 80 km long natural 
dam (the Allah Bund) across the Kori Branch of the 
Indus river, which in 1826 was breached by a flood. 
The investigation of the flood in 1827 resulted in a 
leveling survey^^ providing a surface profile across the 
Allah Bund. It is instructive to examine the scant data 
from this event because it shows that important con¬ 
straints on the mechanism of earthquakes can be obtained 
from relatively sparse geodetic observations. 

Leveling data collated by Oldham^^ indicate an 8 km 
wide region tilted 0.05° northward (measured by Baker^^ 
at 8 km, but estimated by Burnes^^ as 16 km) attaining 
a peak elevation of ~6,5m at the crest of the. Allah 
Bund, faced by a ~ 600 m wide scarp dipping at 0.65° 
to the south. Subsidence near the foot of the scarp 
attained depths of 3.5 m and extended with diminishing 
amplitude to >20 km south of the scarp. ‘Ft Sindri, 


which was largely destroyed, is estimated to have sub¬ 
sided approximately 1 m*. If we assume that the observed 
surface morphology was entirely formed by coseismic 
deformation in a single earthquake, it is possible to 
estimate the rupture parameters of the 1819 event. This 
assumption is questionable since it is not entirely clear 
from Oldham’s account that the leveling line measured 
the deformed bed of the Kori River; in 1880 an abandoned 
channel through the Allah Bund was mapped 3.3 m 
above the 1880 river level raising the possibility, at 
least, that the morphology of the Bund was created in 
more than one event. 

With the assumption that the observed morphology 
represents the elastic deformation field, the ratio of 
maximum uplift to maximum subsidence is determined 
by the dip of the fault, and also by its proximity to 
the surface. Subsurface dislocations with fault dips of 
65-70°N within 1 km of the surface approximate the 
observed ratio (1.8). The observation that uplift exceeds 
subsidence indicates that the faulting occurred by reverse 
slip, and its total amount requires a fault slip of 10-13 m 
(Figure 6). The ~ 1 m south facing scarp suggests that 
the fault approached within 300 m of the surface and 
that the observed deformation occurred in surficial. sedi¬ 
ments draped over the subsurface offset. 

The ratio of the width of the zone of subsidence 
(20-25 km) to the width of the zone of uplift (= 8 km) 
is also consistent with a fault dip of - 65°. The width 
of the deformed zone at a given dip is determined by 
the down-dip width of the fault plane. A down-dip 
width of 8 km produces uplift > 20 cm to a northward 
distance of 11.5 km and subsidence >20 cm of a south¬ 
ward distance of 21.5 km from the scarp. Although the 
absolute value of subsidence to the south is probably 
well constrained because this brought the land below 
sea level, the absolute value of uplift to the north is 


Ft. Sindri 

down «1 m South 



Figure 6. Two-dimensional elastic models for the Kachchh event of 1819 showing observed 
(shaded) and synthetic deformation as a function of distance from the Bund (in km), and height 
above sea level (m). Observed deformation is approximated for fault dip = 67±5‘^, reverse- 
slip = 11.5 ± 1 m, and down-dip-width, d= 10-20 km. Burnes^® estimated uplift extending 25 km north 
of the Bund, whereas Baker^* was unable to measure uplift beyond 2—13 km north. A greater 
down-dip-width (e.g. 20 km dashed line) is inconsistent with the narrow zone of uplift reported 
north of the Bund by Baker, and by the depression of Ft. Sindri reported by Burnes, but is not 
excluded from occurring elsewhere along the > 50 km long fault. 
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less well constrained compared to the rate of change 
of gradient to the north, the signal measured by Baker. 
The coseismic northward gradient reduces quite rapidly 
beyond 8 km for an 8—10 km dipping dislocation at 65°. 
Given the crudeness of the data available in Oldham’s 
synthesis, it is probably fruitless to refine more complex 
models. A range of models with dip 67 ±5°, slip 
ll±2m, downdip-width 10±2km, and along-strike 
width of 80± 10 km can be proposed. These parameters 
correspond to a local magnitude of Ml = 7.6±0.2 using 
typical values for the rigidity modulus p (ref. 21). 

A tsunami engulfed the fort at Sindri, and liquefaction 
phenomena were reported widely following the event, 
although news of tsunami propagation elsewhere is 
absent. Fault scarp morphologies similar to those 
developed during the earthquake, and eyewitness accounts 
of post-1819 flooding east of the Allah Bund, led 
Oldham^^’^^ to suggest that faulting may have extended 
100 km to the east beyond the clear expression of the 
Allah Bund. Had the fault slipped uniformly 12 m, 
100 km along-strike and to a depth of 30 km, the 
magnitude of the event could have been as high as 
M=8, as estimated by some authorities'^‘\ It is possible 
that the 1819 event may have broken the western section 
of a larger fault system on which minor slip occurred 
eastward in 1819 but which may have slipped more 


extensively at other times. At least one large event may 
have occurred in the region of Kachchh although its 
location is unknown. A tsunami was generated in 1534 
in the Gulf of Cambay"^' and was reported by the crew 
of Vasco da Gama’s fleet shortly before his death. 

Maps that were made after the event by the Survey 
of India were not entirely devoid of information about 
the earthquake process. The subdued relief of the area 
and its proximity to sea level resulted in the migration 
of vegetation and changes in the locations of salt flats 
that were recorded by survey maps made over the next 
several decades, and these changes suggest that slip on 
faults at depth continued, or that viscous adjustments 
of the region were occurring^”^. 

No intraplate Indian earthquake since 1819 has matched 
the size of the Kachchh event, although several great 
earthquakes have occurred along the Himalaya, Chaman 
fault and Burmese boundaries that were partly mapped 
by the Great Trigonometrical Survey of India. In 1897, 
1905 and 1934 great earthquakes of the Himalaya 
perturbed leveling bench-marks and triangulation points 
of the GTS. The full extent of deformation experienced 
by these arrays is conjectural because a systematic 
remeasurement of their surrounding geodetic networks 
was never undertaken. It is also possible that many of 
the points not set on bed-rock underwent settlement or 



Figure 7. Measurement dates and locations of triangulation chains surrounding the 1897 rupture 
zone"*^. The rupture zone inferred by Gahalaut and Chander^^ is indicated by a rectangle between 
90° and Shillong. The larger rectangle is the upper limit of rupture estimated by Molnar^*’’”^, and 
the ovoid is the rupture area estimated by Seeber and Armbruster^^ based on intensity data. The 
bold polygons indicate two triangulation chains measured subsequent to the earthquake'*^*'*^’'’*^. 
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lateral translation during strong ground motion, and that 
their remeasurement would provide misleading tectonic 
information. The following is a brief summary of geodetic 
activities associated with these events. 

The Assam earthquake of 12 June 1897. For the great 
Assam 1897 earthquake, geodetic coverage completely 

Landau Moto +5.6 \ 





Figure 8. Strain 1860-1897 in fistrain from Oldham'^ holding SE 
baseline fixed. Ignoring the inferred mean strain change (+41 [xstrain) 
and some outliers (open circles) reveals shear strain on the Shillong 
plateau with amplitude -25 (.Lstrain (sine curve). Numbers to the right 
of named trig points indicate estimated height changes in meters. 


surrounded the Shillong plateau (Figure 7), although 
first-order coverage was incomplete"^^. Data from remeas¬ 
urement of a second-order network crossing the Shillong 
plateau"^^ were discussed by Oldham"^"^ and by Gulatee"^^, 
but dismissed as insufficiently accurate to determine 
displacements during the event (Figure 8). Remeasure¬ 
ments of the networks were inhibited by the envisaged 
costs of the measurements, and by a preoccupation with 
distance changes that were known to be elusive, to the 
detriment of the acquisition of scale-independent angle 
changes whose importance"^^ was not appreciated, but 
which had they been pursued would have revealed much 
about rupture geometries. 

A re-analysis of part of the network north of the 
Plateau was undertaken by Nagar et al.^^ to extract 
changes in shear-strain for the 1897 event, but a similar 
strain analysis of Bond’s data has yet to be undertaken. 
It is reasonably certain that the Shillong Plateau was 
thrust southward during the event, and thus the constraint 
imposed on the data by Oldham'^'^ that the southernmost 
line from the Plateau to the plains fronting the Plateau 
should be held fixed, is geophysically unreasonable. 
Nevertheless with this constraint he obtained a possible 
2.3 m of southerly displacement of the epicentral region. 
Holding the mean strain fixed would have manifest the 
southernmost line shortening by « 1 m. A plot of strain 
change versus azimuth for Bond’s data"^^ (Figure 8) 
confirms the misgivings of later workers, but weakly 
suggests shear strain changes with maximum extension 
east-west and contraction north-south (if several of the 
more extreme data are ignored). The mean azimuth for 


prel 934 
— post 1934 
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Figure 9. Geodetic networks in the region of the 1934 Bihar-Nepal earthquake. The NE longitudinal 
series and leveling networks of the GTS were supplemented after the earthquake by a network to 
measure the height of Mt. Everesd^ Additional post-1991 GPS points may yield data concerning 
post-seismic relaxation in the region. Level changes measured after the earthquake as shown in 
Figure 10. 
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contraction is consistent with that determined by Nagar 
et al.^^ for the central part of the 100 km east-west line 
north of the plateau. Gahalaut and Chander^^ interpret 
subsidence near the Brahmaputra, north of the Plateau, to 
signify that mpture was directed to the SSW, and that 
subsurface rupture north of the plateau was insignificant. 

The Kangra earthquake of 1905. The next great event 
occurred in 1905 with its eastern end near the head¬ 
quarters of the GTS in Dehra Dun. The event is described 
in Middlemiss"^^, and a commentary on the potential 
extent of rupture discussed in Molnar^^ and Molnar 
and Pandey^‘. The event is unlike the other events 
discussed in this article in that although the felt area 
(intensity II) was extensive, and comparable to other 
great events, the intensity >VIII area of shaking is 
anomalously low’"^. Despite the proximity of the event 
to several first order triangulation networks, the only 
geodetic data to. have been analysed to assess the rupture 
parameters for this event are from a leveling line inferred 
to cross the eastern edge of the rupture zone. Various 
analyses of these data have been reported but conclusions 
concerning fault slip and rupture geometry are weakened 
by considerable uncertainties in defining the northern, 
southern and western edges of the inferred rupture 
zone"*^’^^"^"^. These analyses of the data provide weak con¬ 
straint for slip in the 1905 earthquake of 5-7.5 m. 

The Bihar—Nepal earthquake of 1934. Twenty nine 
years after the Kangra event, the Nepal-Bihar earthquake 
of 1934 resulted in widespread damage in the central 
part of the Himalaya and Bihar. As for the 1905 event, 
displacements of triangulation points were not measured, 
but pre-seismic leveling lines received considerable 
attention^^’^^ and several of these lines (Figure 9) were 
remeasured after the event^^. Catastrophic lateral spread¬ 
ing in the slump belt in central and northern Bihar, and 
less pronounced, but nevertheless significant subsidence 
throughout the Ganga basin, were considered sufficiently 
severe for the leveling data near the epicenter to be 
dismissed as unreliable, and have since then been ignored. 
However, these leveling data (Figure 10) provide 
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Figure 10. Vertical changes along the front of the Himalaya observed 
between 1920 and 1935 indicate almost ubiquitous subsidence, largely 
resulting from catastrophic lateral spreading in the slump belt^^. The 
dotted curve is a least squares polynomial fit to points of minimum 
subsidence. 


important constraints on the southward termination of 
rupture that have not been considered in subsequent 
analyses^^^‘^^’^^*^^’®°“^^. An inspection of the data shows 
that subsidence was ubiquitous even in regions where 
bench-mark motions are coherent (e.g. the western part 
of the line). Two regions of subsidence are associated 
with a shallow dipping rupture: one is behind the trailing 
edge of the dislocation, and the other in front of its 
leading edge, i.e. the foot-wall. We exclude the physically 
unreasonable possibility that rupture was confined 
between the northern and southern margins of the Ganga 
plain, which would otherwise place the leveling lines 
near the trailing edge of an almost horizontal rupture, 
and conclude that the leveling lines must all lie in the 
foot-wall of the causal rupture. Had these points been 
in the hanging wall of the rapture we should have 
expected at least some of these points to show coherent 
uplift (c.f Figure 6), and had the rupture not penetrated 
to the surface but extended southward into the plains 
as proposed by Seeber and Armbruster^^, ubiquitous 
uplift would have occurred (c.f. Figures 11 and 12), 
Finally, had the rupture terminated north, or close to, 
the main boundary faults in Nepal, but at considerable 
depth, all leveling data near the southern tip of the 



terminating at 2 km (light line) and 4 km (bold line) depths. More 
complex models can be developed to simulate more realistic subsurface 
slip geometries. 
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rupture would indicate uplift with subsidence south of 
the southern projection of the dislocation with the surface. 
The data in Figure 10 apparently exclude the possibility 
that rupture terminated south or close to the leveling 
lines. If we are to lend any credence to the available 
leveling data we must conclude that rupture terminated 
at a shallow depth north of the Indian border. A plausible 
location where shallow slip can be assigned is on the 
main frontal faults, although Auden observed no surface 
slip on these immediately after the earthquake^l The 
along-arc region of subsidence exceeds 500 km with a 
weakly constrained maximum near Dharbanga, approxi¬ 
mately 100 km west of the epicenter determined by 
Chen and Molnar^"*. 

The Assam earthquake of 15 August 1950. Sixteen 
years following the Bihar-Nepal event, the 1950 Assam 


earthquake occurred north of the Indian border"^*^’^"^’^^. 
The deformation field from this event is likely to have 
perturbed triangulation and leveling lines along the 
Brahmaputra established in 1936 and 1910 respectively"^^, 
and a low precision leveling line that had been established 
northward toward the epicentral region along the TsangPo 
from 27.7'’N to 28.2°N only 1 year before the earthquake. 
Gulatee"^^ outlined the costs and potential benefits of 
remeasurement and extension of these lines but it is 
unclear whether any of his recommended measurements 
were ever undertaken. 

Deformation of northern India caused by Great 
Himalayan earthquakes 

Although it is now more than 100 years since the first 



Figure 12. Arc-normal .section through Nepal Himalaya showing relations between relief, seismicity, 
and the symmetry axes of vertical and horizontal deformation data^l 1991-1995 data require the 
Indian plate to be locked south of the Greater Himalaya, and sliding aseismically beneath Tibet 
north of the Greater Himalaya on a plane dipping 4-8°N. Moderate earthquakes occur infrequently 
at the transition region on «20°N dipping planes. Great earthquakes presumably nucleate southward 
from the transition zone. 
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of the great Himalayan events and almost 50 years since 
the most recent, it might be supposed that little can be 
learned from the remeasurement of their surrounding 
geodetic networks. The primary allure for remeasurement 
is that seismic estimates of slip may be inaccurate due 
to the possible entrapment of seismic energy in shallow 
thrust events, and its apparent dissipation at the toe of 
the accretionary wedge^^. Local accelerations during the 
1897 (ref. 44), 1934 (ref. 63), and 1950 (ref. 67) events 
all exceeded 1 g, but although slip during all four events 
may have exceeded 5 m, direct geodetic confirmation 
for this is lacking. 

Three processes, however, are at work in the inter- 
seismic period between great earthquakes that act to 
render any current result ambiguous. These are: the 
random motions of control points, the systematic deve¬ 
lopment of strain leading to the next great event, and 
the redistribution of strain related to viscous processes 
in the upper mantle and lithosphere. The first of these 
effects introduces random noise, the second is a linear 
elastic process, and the third is nonlinear in time and 
thus cannot be quantified with single remeasurements, 
but requires at least two intervals of deformation. 

In any complete understanding of tectonic processes 
we ignore these problems at our peril, but whether or 
not they pollute a first order interpretation of rupture 
parameters, depends somewhat on the size of the coseis- 
mic signal that may have occurred. We can quantify 
the anticipated surface deformation field using an elastic 
model of a dislocation that slips in an uniform, homo¬ 
geneous, elastic, half-space. Simple 2D elastic models 


like those shown in Figure 6 and Figure 12 provide 
end-member solutions for estimating potential deforma¬ 
tion. In Figure 6, subsidence occurs in the footwall, 
and uplift occurs in the hanging wall of a shallow blind 
thrust fault. The extreme case | of Figure 6 occurs when 
the fault penetrates to the surface, causing an abrupt 
step in the deformation field, i.e. a fault scarp, but none 
has been reported for any of the events (although it is 
not clear that a thorough search was made following 
the 1950 Assam earthquake), and we therefore assume 
that slip terminated in the subsurface. If the fault ter¬ 
minates at depth it will generate a deformation field 
like that shown in Figure 12, with uplift spread as a 
bulge whose asymmetry increases with the angle of dip 
of the subsurface dislocation, and whose half-width is 
approximately proportional to twice the depth. Thus a 
horizontal fault terminating at 4 km depth is associated 
with a vertical deformation field, roughly gaussian in 
form, and confined to a zone approximately 8 km wide 
in the direction of subsurface slip. Horizontal displace¬ 
ments are centered on the vertical bulge, and 70% of 
the surface displacement is confined to a zone approxi¬ 
mately 4 times the depth of the shallow tip of the 
dislocation (Figure 12). 

The elastic models in Figure 11 illustrate the forms 
of constraint potentially available in the GTS survey 
data. The northern extent of rupture is not considered 
in these models because no data are available northward 
into the Himalaya. Given an angular uncertainty of 
1 ppm, a 20 km-long line in the NW longitudinal series 
can potentially resolve 20 mm of slip. Let us assume a 
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Figure 13. Convergence of points in the Nepal Himalaya and Tibet toward India (Bangalore fixed). The white line indicates 
the region of maximum uplift, and the axis of horizontal antisymmetry in the horizontal velocity field, and is interpreted 
to represent the transition between the Indian plate being locked to the base of the Himalaya and sliding aseismically 
beneath Tibet. 
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pessimistic 20 cm resolution per 20 km. Similarly in 
20 km the random leveling error is of the order of 
5 mm, and we can assume pessimistically that we can 
resolve any signal exceeding 20 cm per km. Deformation 
> 2,0 cm vertically and horizontally can be found within 
50 km of faults dipping at 20-50“ except near the 
projection of the dislocation to the surface, where the 
sense of direction changes abruptly. It thus appears 
somewhat likely that significant and detectable displace¬ 
ments occurred to the monuments of the GTS during 
the last century. The southern and along-strike termina¬ 
tions of rupture, and amount of slip, could have probably 
been estimated had appropriate measurements been 
undertaken immediately after each event. The detecta¬ 
bility of these signals depends significantly on the 
gradient of vertical and horizontal displacements, which 
is determined by the depth and distance of the tip of 
the active slip plane, and by the amount of co-seismic 
slip. The dislocation models in Figure 12 are for an 
infinitely long down-dip rupture, resulting in implausibly 
large signals for the steeper dipping examples. More 
realistic listric faulting models have been proposed for 
slip beneath the Lesser Himalaya^”*'*’**'*’'^ which radically 
attenuate uplift south of the rupture to various degrees, 
dependent largely on whether rupture penetrates to the 
surface. 

Recent GPS data from the Himalayan plate 
boundary 

Unlike in Peninsular India where strain changes are 
immeasurably low, stresses at the northern margin of 
the Indian plate replenish strain released by earthquakes 
there at rates exceeding 0.5 (xstrain/year. The rate of 
replenishment is proportional both to the width of the 
plate boundary involved in the collision process, and to 
the relative velocities applied to the boundary. Until 
quite recently both of these parameters were known for 
the Indian plate only by indirect observation’”. The 
velocity of India’s collision with Asia had been estimated 
indirectly from global plate reconstructions'® and from 
the advance of sedimentary facies over the Ganga 
Plain'"’’'', and the width of the collision zone was inferred 
from the distribution of plate boundary microseismicity, 
and the morphology of the plate boundary. 

Recent GPS measurements in the Nepal Himalaya’”’^' 
provide direct constraints of both these parameters (Figure 
13). Between 1991 and 1996 GPS geodesy in Nepal 
measured the advance of India beneath Tibet at a 
maximum surface rate of 17.7 ±2 mm/year (ref. 33). 
Leveling profiles across Nepal 1985—1995 reveal uplift 
rates in the Greater Himalaya amounting to 5-8 mm/year 
(ref. 69), centered on the axis of antisymmetry in the' 
horizontal deformation field (Figure 12). Approximately 
10% of the surface convergence signal extends beyond 


the Nepalese geodetic array south into India and north 
into Tibet. Computer simulations suggest that a ^ufesur- 
face convergence rate of 20.5 + 2 mm/year is necessary 
to account for the average observed surface convergence. 
The confirmation that this convergence velocity prevails 
along the Himalaya arc from Pakistan to Assam is 
clearly a fundamental target for geodetic studies in the 
next decade. Estimates of how much of this geodetic 
convergence is recoverable as elastic strain vary from 
100% (ref. 75) to 75% based on the observed advance 
of sediments over the plains of India and other factors. 
Thus 0-5 mm/year of convergence may be absorbed in 
processes leading to uplift and permanent N/S shortening 
of the range”’’®. 

Earthquakes in the Himalaya are driven by the 
underthrusting of the Indian plate beneath the Tibetan 
Plateau. Small and moderate earthquakes result from, 
and contribute to, deformation within the Himalaya. But 
these moderate events do not occur sufficiently frequently 
beneath the central and southern Himalaya to accom¬ 
modate the observed convergence. For example, M = 1 
earthquakes would need to recur every few years along 
the Himalaya to account for the observed convergence 
rate, yet the observed recurrence interval for these events 
is several decades”. It is the great earthquakes that 
permit substantial slip of the Indian plate beneath the 
Himalaya. The possibility that aseismic processes could 
account for much of the interplate slip can be excluded 
in the central Himalaya, based on the observed interseis- 
mic deformation field, which indicates that little to no 
slip occurs beneath the Lesser Himalaya'®'”’. 

Seeber and Gornitz’® note that moderate earthquakes 
(5<M<7) occur along a small circle, above which 
active surface deformation causes river gradients to be 
steepened. The observed horizontal geodetic velocity 
field is antisymmetric about this line, and has been 
interpreted to result from slip on a dislocation that 
permits the Indian plate to its north to slide aseismically 
beneath the Tibetan plateau. Great earthquakes presum¬ 
ably propagate southward from this line on a shallow¬ 
dipping ‘detachment’ fault. Moderate earthquakes 
propagating from near this line apparently slip on 15- 
25°N dipping planes (ramp-flat structures), whereas creep 
to the north observed by geodetic measurements 
appears to occur on 4-9° dipping planes, perhaps on, 
or parallel-to, the upper surface of the Indian plate 
(Figure 12). 

From the focal mechanisms of earthquakes beneath 
the Tibetan Plateau and surface graben formation along 
approximate N-S azimuths it is clear that Tibet is not 
a rigid plate but expands eastward. This eastward 
expansion is conjectured to fully account for the observed 
arc-normal slip directions of earthquakes along the 
Himalayan arc’®, and from geometrical arguments these 
authors determine the east-west extension rate for the 
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extreme ends of the Himalayan arc to be roughly equal 
to the rate of extrusion of the Himalaya over India 
(20 mm/year). This displacement corresponds to a tensile 
strain rate of 12 nanostrain/year at approximate azimuth 
NllOE which permits the relative E-W motion of points 
in random locations in Tibet to be estimated. 

However, the extension rate obtained in this way 
evidently does not apply to the entire Tibetan Plateau. 
This is because activity on several systems of dextral 
strike-slip faults in southern Tibet, requires that the 
southern margin of Tibet near the Greater Himalaya be 
extending along-arc more rapidly than points to the 
north. Some authors have suggested that dextral slip 
might exceed 3 cm/yr (ref. 80), while others favour a 
value of less than 9 ±4 cm/year (ref. 79). Any current 
activity on these dextral faults requires that the rate of 
along-arc strain extension attain a maximum near the 
region of moderate arc-normal earthquakes beneath the 
Greater Himalaya. This has yet to be observed by direct 
geodetic observation. Westward extension of the Greater 
Himalaya is presumably driven by local contraction of 
the southern edge of the plateau, near to the axis of 
maximum uplift and arc-normal contraction observed 
geodetically. 

Geodetic data are currently insufficiently precise and 
too sparse to quantify the deformation field in Tibet 
but two end-models may be proposed. In one, uniform 
extension of Tibet in a direction perpendicular to the 
convergence direction drives Himalayan arc-normal slip. 
In the other, convergence close to the northern margin 
of the Himalaya drives along-arc extension and arc- 
normal slip (Figure 14). Geometrical constraints yield 
similar (0.012 |ustrain/year) along-arc strain rates for each 
model (requiring points separated by 1000 km to be 
receding at 12 mm/year). Distinguishing between these 
two processes, or others that may prevail, requires the 
measurement of the rate of change of east-west extension 
in a north-south profile across Tibet, a procedure easily 
accessible to GPS geodesy but which has yet to be 
reported. 

An important cdrollary of the geometry in Figure 14 
is that the ratio of east-west strain rate to Tibet’s 
extrusion velocity over India, determines the radius of 
the Himalayan arc. Explanations have been proposed 
hitherto for the curvature of island arcs and subduction 
zones on the Earth’s surface**, but in practice no universal 
law appears to govern their radius*^’*^. The unique feature 
of the Tibet/India collision is that a rigid plate (India) 
collides with a compliant underthrust plate (Tibet). In 
other collision zones the two surface plates are both 
rigid. The reason for Tibet’s eastward expansion not¬ 
withstanding, it is tempting to speculate that perhaps 
the arc-parallel strain in the subducted slabs at other 
plate boundaries may in part be responsible for their 
curvature. 


Discussion 

Experimental^^ and observational evidence suggests that 
Himalayan earthquakes tend to focus energy toward the 
northern plains, where shaking is amplified by soft 
sediments. During the past hundred years populations 
in northern India have quadrupled in villages, and 
increased by an order of magnitude in the cities. The 
pressure for additional dwellings and civil structures has 
brought with it an attendent change in building practices 
in northern India, not all of them with improved earth¬ 
quake resistance. The demand for hydroelectric energy 
and irrigation has resulted in several large dams in the 
southern Himalaya that pose an additional risk to popu¬ 
lations downstream. There is thus a substantial increase 
in earthquake risk from the recurrence of great and 
moderate Himalayan earthquakes. 

The probability is high for one or more M > 8 Hima¬ 
layan earthquakes in the next century. The region between 
the 1934 and 1905 earthquakes, termed the ‘Central 
Gap’ by Khattri and Tyagi*'^, has been singled out as 
a region in which one, two or perhaps three M > 8 
events could occur^^. The western most gap appears to 
have not experienced a great earthquake since 25 AD 
(ref. 85). The historic record for the central gap is poor 
prior to 1850 but it would appear that events in 1803 
and 1833 were insufficient to release accumulating strain 
over more than a small fraction of the central gap*"^’*^. 
Severe shaking may occur even in those areas that have 
experienced great earthquakes in the past century as 
evidenced by the Udaipur 1988 event*^ No great earth¬ 
quakes have occurred in the past 300 years in the 
Sikkim region. The relation of the 1897 Shillong event 




along-arc extension driven by N110E extension driven by 

Himalayan convergence processes Tibetan convergence processes 

From geometry R/E « v/e, but e/E = strain rate - v/R = 11.8 pstrain/yr. 

Figure 14. The radius of the Himalaya is a small circle whose radius, 
R = 1696 km (ref. 78) is related geometrically to the ratio of Himalayan 
convergence velocity, v, and an easterly strain rate that may be 
considered either along-arc or perpendicular to the convergence velocity 
of India. In either case an along-arc extension rate of « 12 mm/lOOO km 
is required to account for arc-normal slip of moderate earthquakes 
beneath the Greater Himalaya (radial arrows). 
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to the main Himalayan front remains enigmatic. Geodetic 
data neither confirm nor deny slip beneath the main 
frontal fault of the Himalaya, although regions of inferred 
subsidence near the Brahmaputra have been linked with 
rupture terminating near the northern edge of the Shillong 
plateau^^. It is thus possible, as these authors correctly 
surmise, that slip could occur north of the Shillong 
plateau at infrequent intervals. The potential for future 
rupture at the east end of this gap has been recognized^^ 
but such is our current ignorance, its extent may be 
underestimated. 

Geodetic measurements and seismic aftershock data 
are normally invoked to define precisely the rupture 
zones of known great earthquakes. In the Himalaya 
these are absent for the past 4 great events. Were a 
great earthquake to occur today in some parts of the 
Himalaya we would obtain a very incomplete under¬ 
standing of the rupture process. The cost of increasing 
geodetic and seismic coverage of the Himalaya is small 
compared to the potentially devastating impact of future 
great earthquakes to India’s economy and her people^^. 
The introduction of a uniform network of GPS control 
points throughout the Himalaya would provide much 
needed data to constrain several tectonically interesting 
problems. 

Renewal time and seismic productivity 

If we knew the amount of slip that occurred in great 
Himalayan earthquakes, and we assumed that coseismic 
slip were repeatable in successive great events, the 
convergence velocity (~ 2 cm/year) would provide an 
estimate for the renewal time for these events. The 
renewal time is the time interval required to regenerate 


seismic energy sufficient to drive earthquakes of a given 
size in a given location (i.e. characteristic earthquakes). 
Estimates of seismic slip vary from 5 m to 10 m based 
on the seismic moments of the great 1934 and 1950 
M>8 events, and from scant geodetic data available 
for the 1905 and 1897 events. Thus the renewal time 
for a convergence rate of 2 cm/year appears to be of 
the order of 250-500 years. Great earthquakes have not 
been recorded for more than half of the Himalayan arc 
in the past 300 years and many seismologists accept 
the interpretation that several great earthquakes are now 
overdue in the central, east and western Himalaya. As 
many as five potential sites may be conjectured if we 
assume along-arc rupture lengths of 400 ± 200 km (Figure 
15). The uncertainties in estimating the edges of the 
past century’s rupture zones are large^^^ Moreover, it is 
not certain that the 1897 Assam earthquake ruptured 
beneath the Himalayan arc or whether other large events 
could occur to the north of the Shillong Plateau. The 
magnitudes and rupture zones of 19th century events 
are not well constrained. Current data on pre-19th century 
events^^ are unusable for quantitative estimates of mag¬ 
nitude or location. 

In the absence of coseismic slip information or the 
certainty that ‘characteristic’ earthquakes are a feature 
of the Himalaya, an alternative geodetic approach to 
understanding future seismicity might be to investigate 
the spatial characteristics of strain-fields developing in 
the Himalaya. The maximum surface strain rate in the 
Nepal Himalaya is measured to be 0.15 jistrain/year, 
comparable to other plate boundaries. This would bring 
surface rocks to 100 jastrain in 700 years. However, 
because the strain-field increases in gradient and intensity 
towards the locking depth, the strain rate at depth greatly 



Figure 15. Oblique mercator projection of the Himalaya on a pole determined by the small circle fit to Himalayan earthquakes and river 
profiles^^. In this projection points in the Himalaya all move downward, parallel to the edges of the map. The upper projection is illuminated 
from the south to illuminate fold axes and strike slip faulting, the lower is illuminated from the west to enhance rift features. Inferred recent 
rupture zones indicated by ellipses. No significant earthquakes are known in the boxes A-D in the past 300 years and they are thus considered 
to be seismic gaps. 
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exceeds this, and renewal times for failure strain decrease 
correspondingly. In mathematical models of a slipping 
dislocation, the tip of the dislocation is a point where 
to prevent strain approaching infinite values, slip must 
be tapered analytically to zero over a finite distance. 
The rate at which creep decays to zero near the tip of 
real dislocation depends on the rheology of the rock 
and the frictional properties of the fault, and this 
determines the rate of increase of strain near the dis¬ 
location. Currently these parameters are unknown, but 
in principle it is possible to recover some information 
concerning the subsurface strain-field from surface 
geodesy, and we may anticipate progress in this direction 
in coming decades. 

If the strain gradient near the tip of the dislocation 
is high, frequent small earthquakes are likely given the 
inferred convergence rate of ~ 20 mm/year. If, however, 
strain is widely distributed with lower strain gradients 
and consequently lower strain rates it may drive larger 
events. It is this highly stressed region that is responsible 
for the generation of frequent M <1 earthquakes near 
the Greater Himalaya. A future challenge for Himalayan 
geodesy is to define the subsurface volume distribution 
of strain, and its accumulation rate, so that we can 
understand better the relation between these smaller 
events, moderate earthquakes and infrequent great events. 

An initial first step is clearly to investigate whether 
the convergence rate is uniform along the arc, an objective 
which amounts to determining the rotation rate of India 
relative to southern Tibet. Figure 15 illustrates an unusual 
view of the Himalaya ‘straightened’ to illustrate stress 
directions. It is evident that the width of the Himalaya 
south of the small circle decreases eastward. This could 
be attributable to the increasing wetness of the climate 
eastward'^^, or to a difference in convergence rate (more 
correctly, the extrusion rate) of the Himalaya over India. 
The model of Peltzer and Saucier^^ favours a variation 
in rate along arc, as do models which include clockwise 
rotation of India relative to Asia. The apparent fit of 
the Himalaya maximum-relief axis to a small circle^ \ 
suggests that any along-arc rate change cannot be sub¬ 
stantial, although further investigation of this observation 
is needed. 

Creep, plastic deformation and other aseismic 
processes 

The interpretation of surface displacements in terms of 
their subsurface cause is subject to a fundamental 
ambiguity. For example, geodesy cannot distinguish 
between elastic strain which drives earthquakes and 
inelastic strain which does not. Plastic deformation may 
be manifest as pressure-solution mass-removal, cataclastic 
flow, or folding, or thickening of parts of the Himalaya, 
processes that increase in importance with temperatures 
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encountered at depth. Elastic strain is developed in the 
intervals between earthquakes and is released during 
earthquakes, and is likely to occur in near-surface rocks 
(<10km), although the uppermost km of the earth is 
often too weathered and fragmented to sustain elastic 
strain. The interpretation of surface deformation from 
some subsurface geometries is inherently non-unique. 
However, certain geodetic interpretations are unique and 
provide important constraints, particularly when com¬ 
bined with geologic, seismic, geophysical and historical 
data. 

Despite the ambiguity in distinguishing between plastic 
strain and elastic strain, geodesy provides powerful 
constraints on the location where maximum strain is 
currently developing, i.e. the location of maximum seis¬ 
mic productivity along and across the range. Studies in 
the central 600 km of the Himalaya in Nepal reveal that 
although surface strain extends ±200 km from the 
Greater Himalaya, 80% of the convergence field is 
confined to a belt no more than 100 km wide, and 50% 
of the convergence is found within a 50 km zone. The 
locus of this deformation and the maximum strain rate 
and uplift rate (7 ± 3 mm/year) is centered on a small 
circle that runs the length of the Himalaya approximately 
20 km south of the edge of the Tibetan Plateau. The 
narrowness of the strain field implies that the transition 
between the Indian plate sliding beneath Tibet and it 
being locked to the base of the Himalaya is quite 
narrow. Elastic models show that ‘locking depth’ may 
be as shallow as 15 km although it could be as deep 
as 25 km. This is a finding of great significance because 
it permits focused studies of the crucial transition zone 
between the sliding and locked parts of the Indian plate 
to be concentrated where they can be most effective. 

An important process that can be examined with 
surface geodesy is the possible presence of creep beneath 
the Lesser Himalaya. Creep is a form of aseismic slip 
whose presence would prevent the accumulation of local 
elastic strain, and would be manifest as localized surface 
displacement equal or less than the convergence rate. 
Creep beneath the Lesser Himalaya in Nepal can be 
fairly confidently excluded by currently available hori¬ 
zontal GPS data. Several articles discussed the signifi¬ 
cance of minor vertical deformation (< 3 mm/year) in 
southern Nepal and the Garwhal Himalaya. The vertical 
data permit 5—30% of the observed convergence to be 
manifest as creep^'^’^^. However, these studies currently 
ignore viscoelastic processes following the great 1934 
earthquake which may be significant in south-central 
Nepal. Even if creep exists, its low rate may delay the 
recurrence of a great earthquake, but it will not prevent 
it. Clearly, similar geodetic measurements must be con¬ 
ducted throughout the length of the Lesser Himalaya if 
we are to 'extend this result to the rupture zones of 
mature seismic gaps. 
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Seismogeodetic monitoring networks - continuous 
GPS recording sites 

A promising approach to Himalayan studies is to combine 
seismic, geologic and geodetic studies. Microseismicity 
illuminates weakly active structures and geodesy meas¬ 
ures their rate of movemenf^^. Geologically active regions 
that are silent seismically, but structurally contiguous 
with regions that have been seismically active, can be 
presumed to be targets for future seismic rupture. 
Although GPS methods provide 3 mm accuracy based 
on 3 days of data, fixed GPS receivers provide higher 
accuracy and the advantage of continuous data that may 
resolve time-dependent changes in the strain^^. Systems 
of several hundred telemetered GPS receivers have been 
installed in California (200 planned) and Japan (950 
now operating) to monitor complex deformation associ¬ 
ated with plate boundary deformation, and the Himalaya 
are a prime location for such a network. A 7-instrument 
array currently operates in Nepal and its extension to 
east and west would bring important benefits to earth¬ 
quake hazard studies in India. In Japan, for example, 
the current network has provided evidence that a 15 mm 
slow earthquake occurred in the hanging wall of the 
accretionary wedge'^^, a region equivalent to the detach¬ 
ment region south of the Greater Himalaya. Although 
our investigations have not identified significant slip in 
this region of the Himalaya, it must be cautioned that 
geodetic data are currently sparse. The frequent occur¬ 
rence of slow earthquakes would be a welcome aspect 
of Himalayan tectonics since it would increase the time 
between great events, and reduce the amount of slip 
that occurs during these eventsSlow earthquakes, or 
creep events, might reconcile the manifestation of uplift 
in the Lesser Himalaya^^^ with the observation that little 
or no creep occurred there in the interval 1991-1996 
(ref. 33). 

Rupture parameters 

As discussed above, historical geodesy, though potentially 
of continued utility, has served us poorly for the study 
of the past four great events, and it would be prudent 
to not let the next event escape unambiguous study. 
The length, width, location, slip, and dip of an earthquake 
rupture can be obtained precisely from a dense network 
of geodetic points. A unique determination of subsurface 
rupture even with analytically simplified slip (uniform 
or elliptically symmetric slip distribution, and an assumed 
rectangular rupture zone) requires the determination of 
at least 6 parameters. Thus, to determine realistic slip 
parameters and geometries may require some two dozen 
well-disposed measurement points. The geodetic remedy 
is obvious, although labour intensive. The establishment 
of a grid of geodetic control points throughout the 
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Himalaya with a 10 km spacing is desirable, and, given 
the simple demands of GPS survey logistics, not un¬ 
reasonable. Such a network is well underway in Nepal 
where GPS networks have been installed at trigonomet¬ 
rical points and at additional new sites located for ease 
of access. More than 50 GPS points have been measured 
to sub cm accuracy and more are planned. It would be 
most regrettable were another great earthquake to elude 
geodetic measurement in India before a GPS net¬ 
work were installed similar to that currently existing in 
Nepal, 


A series of deformational issues are accessible to the | 
new geodetic information forthcoming in the Himalaya. j|. 
For example, not all of the collisional energy in the : 

India-Tibet collision is manifest in future seismicity. 

Some is developed in increasing the potential energy 4 
of the mountains, and some is lost in heat and plastic 
deformation of the rocks of the Himalaya. Potential j 
energy drives Tibet’s east-west expansion and must in : 
part be responsible for normal faulting in the Greater 
Himalaya. The ratio between plastic non-recoverable 
deformation and elastic deformation is currently unknown 
in the Himalaya. Increasing the complexity of Himalayan : 
tectonic interpretations is the difference in azimuth 
between the instantaneous convergence rate and the I 
radial slip observed to accompany moderate Himalayan |,: 
earthquakes. The difference in convergence vector and r 
earthquake slip vector increases westward from zero at |; 
approximately 89° east to perhaps 30° in Pakistan. It j 
is considered likely that, as in other plate boundaries f, 
where oblique slip is manifest, dextral slip events and 
radially-directed earthquakes may occur sequentially to : 
resolve the observed long term geological slip vectors. p 
Finally, mantle processes contribute to long term Hima- |. 
layan deformation. Computer simulations suggest that || 
viscoelastic deformation in the Himalaya may exceed j| 
the elastic convergence signal for part of the seismic 
cycle. There is mounting evidence that substantial re- I 
adjustment between the mantle and lithosphere occurs 
after a large earthquake causing deformational waves to j; 
spread outwards from the rupture zone acting as a 
potential trigger for future events on adjoining parts of ;; 
the plate boundary'^^. Monitoring these complex motions f; 
will provide an important challenge for Himalayan j 
geodesy in the next millennium. y 

Conclusions 

The two hundred-year record of geodetic measurements i 
in India forms a substantial but frequently vexing data- 


Potential energy, strain partitioning and 
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base from which to derive information about seismic 
processes on or near the Indian plate. This is largely 
because historic GTS networks have incompletely sam¬ 
pled great plate boundary earthquakes, and smaller earth¬ 
quakes have ‘fallen between the cracks’ of the main 
networks of the subcontinent. But it is also due to the 
absence of systematic remeasurement of networks 
following great earthquakes. One hundred years ago, 
Oldham^'^ recognized the importance of resurveying geo¬ 
detic networks near great earthquakes, but the systematic 
remeasurement of control points has been evidently 
neglected for all subsequent events, possibly because 
the assessment of future seismic hazard is far from the 
primary mandate of the Survey of India. A surprising 
and regrettable observation is that were another great 
earthquake to occur in parts of the Himalaya today, we 
should still not have complete geodetic coverage of the 
event, despite easily available GPS technology, and an 
Indian seismological community eager to apply it. 

Fortunately the technology to undertake GPS studies 
is inexpensive and requires little geodetic training or 
logistic infrastructure. It would appear to be a realistic 
goal in the next decade to install control points with a 
spacing of 10-30 km, with a measurement accuracy of 
2-5 mm horizontally, and 8-12 mm vertically, throughout 
the Himalaya. With evolving technology higher accura¬ 
cies may be possible. Fewer than 6 years of GPS 
geodesy have provided important geophysical constraints 
on India’s absolute motion, and her rates of collision 
relative to adjoining plates. Perhaps the most important 
of these are the observations that India’s collision rate 
with southern Tibet is 21 ±3 mm/year in the central 
Himalaya, and that negligible creep has occurred recently 
in the Lesser Himalaya of Nepal. The validity of these 
observations along the arc needs to be examined, and 
if they are shown to be irrefutable, will confirm a 
renewal rate for great earthquakes of as little as 300 
years (slip 6 m). Parts of the arc have not experienced 
a great earthquake for more than 300 years, suggesting 
that one or more large earthquakes could soon occur. 

Great and moderate earthquakes will continue to shake 
northern India in the coming millennium. The seismic 
risk to India’s people can be reduced by earthquake- 
resistant design, and the economic costs of incorporating 
earthquake resistance in future construction can be 
reduced by an improved understanding of the pattern 
of seismic strain development and release. Geodesy has 
a fundamental and unique contribution to this under- 
standing'-^^’^^^. Great earthquakes near the northern border 
of India are a real threat to the people of India, a far 
more substantial threat than the national security issues 
that are sometimes invoked to hinder scientific access 
to the region where these earthquakes nucleate. 
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At least three great earthquakes of M > 8 have ruptured 
the plate-boundary megathrust between India and the 
Himalaya in the last century. The central Himalaya 
moves southward as a fault-bend fold at 15 mm/yr or 
more by infrequent earthquakes that nucleate on the 
highly-seismic ramp beneath the Himalaya and rupture 
southward along a thrust flat to the range front. There 
is a consensus that future great earthquakes will strike 
the Himalayan front, with the next earthquakes most 
likely in the- 20th-century seismic gaps in Western 
Nepal, Kumaon, and Jammu-Kashmir. Because of the 
great increases in population in these regions, losses 
in the next great earthquake are expected to be 
catastrophic. A realistic earthquake probability fore¬ 
cast requires establishment of a GPS array in the 
northwest Himalaya to establish slip rates on the 
plate-boundary fault and palaeoseismological investi¬ 
gations at the Himalayan front and adjacent Ganga 
plains to establish earthquake recurrence intervals on 
individual segments of the fault. 


Four earthquakes of M > 8 struck Himalayan foothills 
in 1897, 1905, 1934, and 1950, resulting in tens of 
thousands of people losing their lives (Figure 1). Since 
the last earthquake almost 50 years ago, the population 
in the Himalayan foothills and adjacent plains has grown 
enormously, an indication that the losses of life in the 


next great earthquake could be in the hundreds of 
thousands^ or even greater. The most likely sites for 
the next events ai'e the seismic gaps between the 1905 
Kangra and 1934 Bihar-Nepal earthquakes and between 
the Kangra earthquake and the Taxila, Pakistan, earth¬ 
quake of AD 25. 

Fault-bend folding and the plate-boundary 
fault 

The fault that ruptured to cause at least three of these 
great earthquakes of the past hundred years is the 
plate-boundary thrust between the Indian shield and the 
Himalaya. This fault is only discontinuously exposed at 
the surface, and no surface faulting is definitely known 
to have accompanied any of these earthquakes. However, 
the fault has been imaged directly in multichannel seismic 
profiles acquired by the Oil and Natural Gas Commission 
in the search for petroleum in the Himalayan foothills^. 
It has also been imaged in a deep crustal seismic profile 
in southern Tibet by Project INDEPTH, where it has 
been named the Main Himalaya Thrust (MHT)^. 

Direct imaging of the MHT is consistent with other 
evidence that the MHT underlies and controls a fault-bend 
fold, as defined by Suppe'^. The MHT includes a ramp 
beneath the High Himalaya and a flat farther south^ 



Hiyure 1. Sketch map of Himalaya showing Himalayan front (solid line with triangles), zone of 
high instrumental seismicity (dotted band), meizoseismal zones of four great earthquakes along 
Himalayan front (lined pattern), and location of other large earthquakes of interest, including the 
great earthquake of AD 25 at Taxila, Pakistan. Box shows location of Figure 2. 
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We first discuss the evidence consistent with a fault-bend 
fold model, and then we discuss the long-term slip rate 
on the MHT, which has major implications for future 
great earthquakes in the foothills of the Himalaya. 

Earthquake distribution, fault-plane solutions, and 
multichannel seismic lines suggest that the flat dips 
6‘"±3°N, whereas the down-dip ramp, which coincides 
with a band of high seismicity including the 1991 
Uttarkashi earthquake, dips 10'^-25°N (refs 6-8) (Figure 
2), The axial surface at the inflection between ramp 
and flat projects northward to the surface and separates 
predominantly inactive north-dipping thrust plates of the 
High and Tethyan Himalaya from a zone of thmsts with 
highly-convoluted map traces, klippen, and windows^ 
(Figure 3). The simple, convex-south map trace of the 
axial surface maintains a constant distance from the 
Himalayan Front fault (HFF), and the HFF may be a 
series of fault-propagation folds (as defined by Suppe 
and Medwedeff^^^) marking the southern edge of the 
basal flat. The presently-inactive Main Central thrust 
(MCT) zone (Chail, Jutogh, Vaikrita thrusts) is complexly 
folded above both the ramp and the flat, which results 
in a sinuous map pattern above the flat, where fault 
dips are low, but a straighter map pattern above the 
ramp, where dips are steeper. In Kumaon and Nepal, 
the band of high seismicity is beneath and south of the 
MCT, leading some to suggest that the MCT is itself 
active. But Thakur^ showed that farther west, in Himachal 
Pradesh and Jammu-Kashmir, the MCT is much closer 
to the Himalayan front, where it is called the Panjal 
thrust, whereas the zone of high seismicity underlies 
the Tethyan Himalaya. 

In the High Himalaya, only the axial surface of the 
fault-bend fold is active at crustal scale; it moves 
relatively northward through the hangingwall as the 
megathrust drives southward and upward over the ramp 
and rotates to a lower dip over the flat. The fault-bend 
fold model shows the axial surface as a sharp kink or 



Figure 2. Tectonic map of northwest Himalaya showing major thrust 
structures (solid lines with open triangles), Himalayan front, as marked 
by Himalayan Front fault or by frontal anticlines, zone of high 
instrumental seismicity and intermediate-size earthquakes, and active 
axial surface separating predominantly north dips or thrusts and zone 
of klippen and windows where thrust dips are lower. Map simplified 
from Thakur^. 
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chevron fold; however, the data are consistent with a 
more gradual change in dip from ramp to flat, as shown 
by Bilham et A fault-bend fold requires a back- 

limb, formed by the northward slope between the High 
Himalaya and the region to the north, an outcome of 
higher uplift rates in the High Himalaya. This is imaged 
in a 100-km-wide swath topographic profile as a decrease 
in maximum altitudes > 1 km between the High Himalaya 
and southern Tibet^^. 

Slip rate 

Lyon-Caen and Molnar^^ estimated a slip rate of 
15±5mmyyr based on the rate of migration of the 
flexure of the Indian shield due to the load of the 
advancing MHT, which they estimated from the rate of 
onlap of Siwalik strata onto the Indian shield. Conver¬ 
gence rates across the Pakistan Sub-Himalaya based on 
retrodeformable cross sections are 13 mm/yr in the west¬ 
ern Potwar Plateau'^ at least 9-14 mm/yr in the central 
Plateau‘^ and 7 mm/yr in the eastern Plateau‘s These 
uncertainties may be caused by the uncertainty in the 
age of initiation of thrusting in various parts of the 
Plateau. Using the same technique. Powers^ determined 
a shortening rate of 14 ± 2 mm/yr across the Sub-Hima¬ 
laya of the Kangra re-entrant of northwest India. These 
should be considered as minimum rates, because addi¬ 
tional shortening could be occurring on out-bf-sequence 
thrusts north of the subsurface seismic and well data 
on which the rates are based. 

Avouac and Tapponnier^® determined a residual con¬ 
vergence rate across the Himalaya of about 18 mm/yr 
after removing the slip rates on structures north of the 
Himalaya from the India-Eurasia plate rate. Using 
finite-element modeling, Peltzer and Saucier^^ obtained 
a convergence rate of 18 mm/yr in the Nepal and Assam 



Figure 3. Fault-bend fold model of active Himalaya. Active axial 
surface separates a north-dipping ramp marked by high seisiriicity and 
intermediate-size earthquakes and a low-dipping flat which is locked 
except for great earthquakes such as the 1905, 1934, and 1950 events. 
The Main Central Thrust (MCT) is between the active axial surface 
and the zone of high seismicity in Kumaon and Nepal, but is south 
of those features farther west in Himachal Pradesh and Jammu-Kashmir. 
The frontal ramp produces fault-propagation folds at the Himalayan 
front. 
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Himalaya, diminishing gradually westward across 
Kumaon and Himachal Pradesh to 10 mm/yr in Jammu. 

How do long-term slip rates based on geology compare 
to short-term rates based on seismicity and geodesy? 
The slip rate based on seismic moment release during 
the last century is 17 mm/yr (refs 8, 20). Uplift rates 
based on leveling data from Nepal and horizontal ve¬ 
locities based on Global Positioning System (GPS) data 
from 1991 to 1995, also from Nepal, show a north-south 
contraction of the Himalaya of 17.7 ± 2 mm/yr consistent 
with a slip rate on the MHT of 20 ±3 mm/yr (refs 11, 
12), Thus the long-term and short-term rates are con¬ 
sistent, except for the rate based on tectonic geomor¬ 
phology, which was estimated as no more than 5 mm/yr 
at the Himalayan front in Nepal^^ However, this low 
estimate may be due to an over-estimation of the age 
of the Quaternary erosion surfaces being deformed; these 
surfaces have not yet been dated by radiocarbon or 
thermoluminescence. 

If the dip of the MHT is known, its slip rate may 
be estimated from the rate of uplift of its hangingwall. 
The steeper dip of the MHT at the ramp beneath the 
High Himalaya and near the Himalayan front would 
result in a greater uplift rate there than over the inter¬ 
vening thrust flat. To determine the uplift rate of a 
body of rock with respect to the centre of the Earth, 
the rate of change of the eroding Himalayan surface 
would be added to the denudation rate based on 
fission-track dating and an assumption of constant geo¬ 
thermal gradient. Molnar^ summarized the evidence for 
uplift rate, including palaeoclimatic evidence, which sug¬ 
gests that the rates are higher in the High Himalaya 
and the front of the Lesser Himalaya and lower within 
the Lesser Himalaya. Molnar^^ noted that terraces of 
the Kali Gandaki River in Nepal mapped by Iwata et 
alP show evidence of greater uplift rates within the 
High Himalaya than in regions to the north and south. 
Seeber and Gornitz^"^ observed that the longitudinal pro¬ 
files of major antecedent rivers crossing the Himalaya 
have steepest gradients in the High Himalaya above the 
zone of high seismicity and much lower gradients to 
the north and south. The swath topographic profile of 
Masek et alP shows that the maximum relief (the 
difference between maximum and minimum altitudes, a 
measure of the degree of incision of rivers) is greatest 
over the structural ramp, another indicator of high uplift 
rates over the ramp. 

Fission-track ages of apatite from the Gangotri granite 
in the Higher Himalaya of Garhwal indicate a denudation 
rate of about 2 mm/yr for the past 2 my (ref, 25). To 
this must be added the true uplift rate based on 
palaeoclimatic evidence. High denuda,tion rates based on 
similar evidence have been reported from Nanga Parbat 
in the western Himalayan syntaxis^^ and the Namche 
Barwa region in the eastern syntaxis^^ Nakata^^ found 
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evidence for uplift rates in the Sub-Himalaya of Nepal 
above the frontal ramp as high as 4 mm/yr. 

Recurrence intervals for great earthquakes 

Geodetic evidence^ shows that most present-day con¬ 
vergence in Nepal is being taken up in the High Himalaya 
and farther north; Kathmandu, south of the High 
Himalaya, is moving at a velocity close to that of the 
Indian plate. This leads to the conclusion that inter- 
mediate-size earthquakes on the structural ramp beneath 
the High Himalaya are adding to strain on the flat to 
the south, which is completely locked, supported also 
by the low instrumental seismicity of the flat. The 
structural ramp has high seismicity because it is at 
higher temperatures and is closer to the isotherm mai'king 
the onset of quartz plasticity^^ Great earthquakes are 
produced when an intermediate-size earthquake on the 
ramp triggers slip on the stronger flat to the south, 
which ruptures all the way out to the Himalayan front. 
On the other hand, earthquakes within the hangingwall 
such as the 1975 Kinnaur normal fault earthquake^®, 
earthquakes with strike-slip fault-plane solutions^^, and 
smaller events with nodal planes considerably steeper 
than the megathrust at the ramp^^’^^ deform the hang¬ 
ingwall and accommodate some of the strain that 
otherwise would be taken up on the megathrust flat. 

Jackson and Bilham^^ conclude from their data that 
a slip deficit of 13 ±8 mm/yr is accumulating beneath 
the Nepal Himalaya. How frequently would earthquakes 
the size of the three megathrust flat earthquakes occur? 
Assume a slip rate of 15 mm/yr. If the slip per event 
were 5 m for 1905 Kangra, 6.2 m for 1934 Nepal-Bihar, 
and 9 m for 1950 Assam^ and all long-term slip on 
the megathrust flat were coseismic, the recurrence interval 
for earthquakes on the same segment of fault would be 
a few hundred years^’^^. However, the seismic moments 
on which slip estimates are based are poorly constrained 
because of uncertainty about fault area, and, in the case 
of the Assam earthquake, in the possibility of some 
moment release by strike-slip faulting^ The interval 
would be slightly longer if strain release from hanging- 
wall earthquakes were included. 

This recurrence interval is consistent with recurrence 
of great earthquakes at Kathmandu, Nepal, which was 
destroyed by an earthquake in 1255 AD and again dam¬ 
aged in 1934, with intervening earthquakes in 1408 and 
1681 (ref. 34). An earthquake gap exists between the 
1934 and 1905 events; earthquakes in 1803, 1810, 1826, 
1833 and 1866 do not appear to be large enough to 
fill this gap^"^. There is no historical evidence for any 
1905-size earthquake in Jammu and Kashmir between 
1905 event and the Taxila earthquake of AD 25 except 
for earthquakes in 1828 and 1885 in Kashmir^^ which 
may have been considerably smaller than the 1905 event, 
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Historical records from Kangra report only the 1905 
earthquake in the last 900 years. This may be explained 
by a lower convergence rate in the northwest Hima¬ 
laya, as modeled by Peltzer and Saucier^^, or by an 
underestimation of the 5 m slip during the Kangra earth¬ 
quake. 

Resolving the uncertainty in probabilistic 
forecasts of great earthquakes 

There is a consensus among scientists studying Hima¬ 
layan earthquakes that there will be more earthquakes 
of M>8 in the near future. However, there are major 
unresolved problems that prevent a more accurate forecast 
on which planning and preparation by society can be 
based. These are: (i) a possible westward decrease in 
the India-Himalaya convergence rate from the rate 
established in Nepal to the northwest Himalaya, and (ii) 
uncertainty about the repeat time of M > 8 earthquakes 
at any given place along the MHT. 

A westward decrease in the India-Himalaya conver¬ 
gence rate is suggested by the finite-element model of 
Peltzer and Saucier’^"^, due in part to right-lateral strike-slip 
on the Karakoram fault to the north. A decreased rate 
would explain the long recurrence interval between the 
AD 25 Taxila, Pakistan, earthquake and the present, and 
the absence of any records of a great earthquake in the 
Kangra region except for the 1905 event. Rates based 
on balanced cross sections are limited to the northwest 
Himalaya and the Potwar Plateau-Salt Range, and these 
show no monotonic westward decrease in convergence 
rate. Furthermore, the GPS network in Nepal shows no 
decrease in convergence rate westward across Nepal 
It is straightforward matter to establish a GPS network 
across the northwest Himalaya of India that is tied into 
the Nepal network. No more than three years of re¬ 
occupation of these stations should establish whether 
the convergence rate is the same along the Himalaya 
or whether it decreases westward. 

Recurrence intervals of M>8 earthquakes need to be 
determined directly by palaeoseismological investigations 
along the Himalayan front. The historical recurrence 
interval of great earthquakes in the northwest Himalaya 
appears to be longer than that predicted by the apparent 
convergence rate, but this may be due to inadequate 
study of historical records. Palaeoseismological investi¬ 
gations should consist of (i) trenching the Himalayan 
Front fault to search for direct evidence of prehistoric 
fault ruptures, and (ii) study of overbank deposits of 
major rivers in the Ganga plain near, but south of, the 
Himalayan front to search for evidence of palaeolique- 


faction comparable to that observed in the 1934 Bihar- 
Nepal earthquake. 
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factor of silicon diodes 
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The current dependence of ideality factor (n) is studied 
from the forward characteristics of different batches 
of silicon diodes. It is found that n is highly current 
dependent. The measurements on different silicon 
diodes reveal that n is different for different diodes, 
current remaining unchanged. The current depend¬ 
ence of sensitivity {&V/dT) and that of crossover 
temperature (T *) are understood by taking the cur¬ 
rent dependence of n into account. 


It is well known that the ideality factor (ji) is 
voltage-dependent and generally, determined from the 
I-V characteristics of p-n junction. The relation of 
current and voltage is described by the simple equation’’^ 


/=/. 


exp 


eV 

nkT 


-1 


( 1 ) 


where 4 is the reverse saturation current and k is the 
Boltzmann constant. For a large forward bias voltage, 
diffusion dominates and n 1, whereas for low forward 
bias voltage n ~ 2 as recombination dominates. Even 
higher value of n is expected because of the lateral 
inhomogeneities of, the barrier height and the contribution 
of series resistance^. Also, depending on concentration 
profile, the value of n varies from one batch to the 
next for the same variety of diodes^ In order to study 
the current dependence of n, we have carried out the 
electrical measurements on different silicon diodes, viz. 
1N4007, 1N4003 and a cryogenic silicon diode supplied 
by Cryo Industries of America"^. Hereafter, the cryogenic 
diode is referred to as cryo diode. 

The measurements were carried out from 10 to 300 K 
using an automated setup built around a Ley bold closed- 
cycle refrigerator. The experimental details are given 
elsewhere^’^ The epoxy encapsulation of the diodes was 
ground flat on one side and fixed to the sample site 
with GE7031 varnish. Cigarette paper fixed with GE7031 
varnish provided the required electrical isolation. The 
electrical leads (insulated copper wires) are thermally 
anchored to the cold parts in order to reduce the stray 
thermal emf. The usual four probe electrical connections 
arc made to the sample. A stable constant current was 
provided to the diode from Keithley model 224/2243 
programmable current source. The forward voltage was 
measured using a Keithley model 182 digital voltmeter. 
The diodes are operated at a constant current ranging 
from 10 nA to 100 mA while the voltage variation with 
temperature is monitored. This amount of current 
corresponds to a value below the knee in the 14 — / 
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characteristic of the diode in the entire temperature range 
studied. The temperature of the sample site is controlled 
using a calibrated type D silicon diode thermometer in 
conjunction with a Ley bold model LTC60 temperature 
controller. The temperature is determined using the same 
silicon diode thermometer. This has a standard meas¬ 
urement accuracy of ±1% or better. A typical tempera¬ 
ture resolution of 50 mK and voltage resolution of 
100|LiV were obtained. 

The temperature dependence of the forward voltage 
of a 1N4007 Si diode with various current values 
(10 nA-200 pA) is shown in Figure 1. It is observed 
that the forward voltage for a particular current value 
increases linearly with decreasing temperature, increases 
rapidly below certain temperature T* and then gradually 
with further reduction in temperature as in case of 
commercially available diodes. This is due to the 
neutralization of impurities and the ‘freeze out’ of 
carriers. is seen to shift to lower temperatures by 
decreasing the current, thereby improving the linear 
region with lower currenE*^. It is a great advantage in 
diode, thermometry. 

The linear variation can be understood either by the 
theory of Sah, Noyce and Shockley (SNS) for genera¬ 
tion-recombination current^^ or by the theory of Shockley 
for diffusion currenE**^\ In order to ensure the applica¬ 
bility of the above theories, it is necessary to know the 
^Ppi'tiximate value of n that can be determined quite 
easily from the I-V characteristics of the diode. The 
value of n = 1.7 was found to give a relatively good 
fit to the I—V data at 298 K for all the diode studied 
(not shown here). In this context, it is worth pointing 
out that n value close to 2 has also been found in the 
same current range^’^‘. For 1N4007 and 1N4003, the 
I-V curve fits reasonably up to current value 100 mA, 
whereas it deviates for cryo diode beyond 1 mA. The 
deviation is due to the voltage drop across the device 
series resistance which is found to be 3.9 fl. As the 
value of n is close to 2 and the effect of recombination 
dominates at low temperature^ we have used the SNS 
theory to analyse the data. According to the theory of 
SNS, the forward voltage (1^) is shown to be related to 
the absolute temperature and the forward current / as 

nE nk^T _ 

^ [>oge+f logr-iog/], (2) 

with Q~2(2n Ak^/r^, where is the band 

gap, e the electronic charge, the Boltzmann constant, 
A the cross sectional area of the diode, Tq the average 
carrier life time in the recombination region, e the 
electric field in the recombination region and m* the 
effective mass of the electron. It is noted from eq. (2) 
that at 0 K 
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Thus, it is expected that the extrapolation of V-T curve 
to zero temperature would give nE^/2 value for different 
currents and hence, the ideality factor n. 

In order to study the current dependence of n, we 
have extrapolated the linear region (30-300 K) of all 
the curves of an 1N4007 Si diode to OK as shown 
in Figure 2. The nE/2 for a current of 10 nA was 
found to be 1.16 V and was changed to 1.17515 V for 



Figure 1. Vf-T characteristic of an 1N4007 silicon diode for different 
currents in the temperature range 10-300 K. 


a current of 100 \xA for an 1N4007 Si diode. The 
behaviour of 1N4003 silicon diode (not shown here) is 
very similar to that of 1N4007, whereas the V-T curves 
with different current of cryo diode are different, as 
shown in Figure 3. In this case it is noted that 
nE^/2 changed from 1.06 V for a current of 10 nA to 



Figure 3. The least-square fit Vf-T curves of a cryo diode for 10 
nA (lowest curve), 100 nA, 1 flA, 10 pA, 100 pA, 1 mA, iOmA and 
100 mA (topmost curve) in the temperature range 100-300 K. All the 
curves are extrapolated to 0 K. 



Figure 2. Same as Figure 1 in the temperature range 30—300 K. All Figure 4, Current dependence of ideality factor for different silicon 
the curves are extrapolated to 0 K. diodes. 
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1.19 V for a current of 100|liA, We have plotted confirm the variation of n, we consider the variation of 

nE^/2 versus In I instead of n, as E^/2 is independent sensitivity and T* with respect to current. From eq. 

of current and shown in Figure 4 for different silicon (1), the sensitivity (dV/dT) is given by 

diodes. It can be noted that in case of 1N4007 Si diode, ^ 

the variation is almost logarithmic with current, whereas ^ [Iog!2 + (l 4- | logT)-log/] . (4) 

in case of cryo diode the variation is different in different 

current regime. In the low (regime I) and high (regime Here, we have neglected the temperature dependence of 

III) regime, the slope of variation is faster and the E^. It is noted from eq. (4) that dV/ndT is logarithmic 

slopes are almost same. In regime II, the variation is in /. If n is independent of current, the sensitivity should 

slow and the slope is the same as in the case of 1N4007 vary as In/. It is observed that the forward voltage for 

Si diode. The different variations for different diodes all current values is almost linear for temperatures above 

are expected to be due the different concentration profiles^ 7*. The sensitivity was found out by least-square-fit 

and the fast variation in regime III is expected to be procedure in the temperature range 60-300 K for 1N4007 

due to the contribution of series resistance. In order to Si diode. The temperature dependence of the forward 




Figure S. Current dependence of the sensitivity of (a) 1N4007 Si Figure 6. Current dependence of T* for {a) 1N4007 Si and (J&) cryo 
and (b) cryo diode. diode. 
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voltage was found to change from “■2.4mV/K to 
-3.5 mV/K in case of 1N4007 Si diode when the 
current was changed from 200 |uLA to 10 nA. The current 
dependence of the sensitivity and [(W/{nE^/l) dT] as 
E/2 is independent of current, are shown in Figure 5. 
As for 1N4007 Si diode, the change of nE^/2 is little 
with respect to current, both the quantities seem to vary 
linearly (Figure 5 a). Of course, the match is excellent 
in the latter case. Similarly, in case of the Cryo diode 
(Figure 5b), it is noticed from the (dV/dT) vs In/ 
that the data points are quite away from a straight line, 
whereas when plotted as [6V/{nE^/l)dT], the data points 
fit reasonably to a straight line as expected from eq. (4). 

In order to test the 7* dependence of the current, 
we define V* as the voltage that corresponds to 7*. 
At 7=7*, eq. (2) becomes 

nE /2-T* K , -I. 

—^^ = — [log g + f log 7 - log / ]. (5) 

n7* ^ 

Eq. (5) implies that the quantity in the left hand side 
is logarithmic in /. The procedure to obtain 7* is 
described in ref. 7. In order to verify experimentally, 
we have plotted {nE^/2-V^/{nE^/2)T^') vs In/ for 
1N4007 Si diode and cryo diode (Figure 6). Interestingly, 
the variation is found to be linear for both the diodes. 
Similar investigations on different diodes of the same 
batches confirm the result qualitatively. 

The most interesting feature associated with the forward 
characteristics that the band gap can be determined by 
extrapolating y-7 curve to 0 K (ref. 10). In the case 
of 1N4007 Si diode, though nE^/2 varies logarithmically 
with current, the slope is too small, i.e. all the V-7 
curves meet almost at a point to give the value of 
£■^=1.17 eV. But, in case of cryo diode, the slope is 
different in different current regime. It is noted from 
Figure 4 that in regime II, the slope is of the same 
order of magnitude as in the case of 1N4007 Si diode 
and can be used for the determination of the band gap. 
Following this procedure, the value of E^ for silicon is 
found to be 1.189 eV, which is very close to the earlier 
reported value'” and within 2% that obtained for 1N4007 
diode. 

In conclusion, the current dependence of ideality factor 
(n) is found to be different for different silicon diodes. 
The current dependence of sensitivity (dV/dT) and that 
of crossover temperature (7*) are understood by taking 
the current dependence of n into account. The procedure 
for the determination of the band gap is also presented. 
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CD4 positive T-cells produce 
cytotoxic factor in cases of dengue 
haemorrhagic fever 
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^Present address: Department of Microbiology, Faculty of Medicine, 
Kuwait University, PO Box 24923, Safat 13110, Kuwait 

During dengue virus infection of mice and man, an 
unique cytokine, cytotoxic factor (CF), is produced 
which reproduces various pathological lesions in mice 
that are seen in human cases of dengue fever (DF) 
and dengue haemorrhagic fever (DHF). The present 
study was undertaken on 15 cases of DF/DHF and 
5 normal healthy control individuals to find out the 
cell responsible for the production of the human 
cytotoxic factor (hCF). Peripheral blood mononuclear 
cells (PBMC) or their enriched subpopulations of 
monocytes, B- or T-cells were cultured for 24 h and 
the culture supernatants were assayed for the presence 
of hCF by ELISA, dot blot and cytotoxicity assay. 
The findings showed that hCF was produced by 
T-cells and not by the monocytes or B-cells. Pre¬ 
treatment of the T-cells with anti-CD4 antibody ab¬ 
rogated the production of hCF while anti-CD8 
antibody had no effect. Presence of hCF-specific 
mRNA was found by Northern hybridization in the 
CD4 positive T-cells only of the cases and not in the 
CDS positive T-cells, B-cells or monocytes, thus con¬ 
firming, for the first time, production of hCF by 
CD4 positive T-cells. 

The cytotoxic factor is a unique cytokine that is produced 
in mouse (mCF) and man (hCF) during dengue virus 
infection only'"^. The amino terminal sequence of mCF 
has no homology with any known protein or cytokine 
as shown by matching at the data base till 1996. mCF 
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is a pathogenesis-associated protein, capable of repro¬ 
ducing all the pathological lesions in mice that are seen 
in cases of human dengue"^"^. hCF purified from the 
sera of the cases of dengue fever (DF) or dengue 
haemorrhagic fever (DHF) is similar to mCF in all the 
properties, including the pathogenic effects on rnice^’^ 
In an experimental study, the cultures of human peripheral 
blood mononuclear cells (PBMC) were stimulated with 
dengue type 2 virus to investigate in vitro production 
of hCF. These experiments showed that hCF is generated 
in vitro by the CD4 positive T-cells^ Such in vitro 
experiments are useful but may not truly represent the 
actual response in vivo. Therefore, it was considered 
necessary to confirm the finding in actual patients. The 
epidemic of DHF at Lucknow during 1996 provided an 
opportunity to investigate this aspect in a more realistic 
manner by ex vivo culture of PBMC from such cases. 
The findings presented here show that hCF is produced 
by CD4 positive T-cells in cases of DF/DHF. 

The study was carried out on 15 cases admitted to 
the Gandhi Memorial and associated hospitals, Lucknow 
during the epidemic of DHF in November 1996. The 
diagnosis of dengue virus infection was made by isolation 
of dengue type 2 virus from two of the cases, or by 
demonstration of specific IgM (data to be published). 
On the basis of thorough clinical and laboratory exami¬ 
nation, the cases were classified as DF and DHF grades 
I to IV according to the criteria of the World Health 
Organization'^ For the present study, three cases of each 
category were taken (total 15 cases) and 5 normal 
healthy controls who had not suffered any illness in 
last three months were also included. From each indi¬ 
vidual, peripheral venous blood was collected in a 
heparinized tube and leucocyte-rich plasma was removed. 
The peripheral blood mononuclear cells (PBMC) con¬ 
sisting of monocytes and lymphocytes were separated 
by layering the leucocyte-rich plasma over Lymphoprep, 
density L077 g/ml (Nyegaard & Co., Oslo, Norway) and 
centrifuged. The interface layer was collected and the 
cells were washed thrice with Hank’s basal salt solution 
as described earlier^ The PBMC were passed through 
glass wool column to remove monocytes and the dead 


cells and then filtered through nylon wool column to 
prepare enriched T- and B-cell subpopulations and 
their purity was checked as described earlier®’To 
prepare monocytes-enriched cells the PBMC were sus¬ 
pended in Eagle’s minimum essential medium (MEM) 
containing 5% foetal calf serum and layered in 4-cm 
petri dishes (Nunclon, Nunc, Denmark) and incubated 
at 37 °C in presence of 5% CO 2 in air. After 2 h, the 
adherent cells were separated and their purity tested^^. 
The T-cells were further enriched into CD4 or CDS 
positive cells by treatment with mouse anti-human CD4 
or CDS monoclonal antibodies (mAB; Dako A/S, Glos- 
trup, Denmark) and rabbit complement as described 
earlier®. The cells obtained by different procedures de¬ 
scribed above were washed and the count was adjusted 
to 5 X 10^ cells/ml. The cells were cultured at 37°C for 
24 h in the presence of 5% CO 2 in air. Then the cell-free 
culture supernatant (CS) was collected after centrifugation 
at 3000 g for 10 min. The CS obtained from the cases 
and the controls were screened for the presence of hCF 
using cytotoxicity assay, enzyme linked immunosorbent 
assay (ELISA) and the dot blot tests with appropriate 
controls as described elsewhere®’^^ For ELISA and the 
cytotoxicity tests the mean value ±2 SD obtained from 
the CS of the cells from normal healthy controls was 
considered as ‘cut-off value. hCF-specific mRNA was 
studied in the cells by Northern blot hybridization. The 
RNA was purified from the cells and 5 |LLg of it from 
each individual or one mouse spleen (for controls) was 
blotted on nitrocellulose membrane and hybridized using 
oligonucleotide probe as described earlier®. Statistical 
analysis of the data was done using Student’s t test 
and a p value of less than 0.05 as considered significant. 

Table 1 shows the presence of hCF in the CS obtained 
from the cells of the cases of dengue virus infection 
by all the three tests. A significant cytotoxic activity 
was found in CS of the total PBMC and the T-cells 
but not in those of monocytes or B-cells, indicating 
that hCF was produced by the T-cells. The findings in 
cases of different grades of illness, viz. DF or DHF 
grades I to IV were similar (p > 0.05) and their number 
in each group was small, therefore, they have not been 


Table 1. Ex-vivo production of hCF by peripheral blood T-cells 


Cells 

Cytotoxicity^ 

ELISA* 

Dot blot® 

Cases 

Controls 

Cases 

Controls 

Cases Controls 

PBMC 

20 ±2 

6±2 

78±5 

22 ±3 

+ - 

Monocytes 

3± 1 

3± 1 

15±3 

16 + 4 

_ 

B cells 

5±2 

7±2 

12±6 

18±4 

- 

T cells 

25 ±3 

4±2 

80±7 

15±5 

+ — 


Peripheral blood mononuclear cells (PBMC) or their enriched subpopulations of monocytes, B- or 
T-cells obtained from 15 cases of DF/DHF (cases) and 5 normal healthy control individuals 
(controls) were cultured in triplicate (5 x lO*’cells/ml) at 37°C in presence of 5% CO 2 for 48 h. 

The culture supernatants were collected and assayed for the presence of hCF by ELISA, dot blot 
and cytotoxicity tests. The data has been presented as mean values ±SD. 

Ter cent target cells killed; *, Per cent inhibition; + Positive, -Negative. 
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Figure 1. Cytotoxicity of culture supernatants (CS) from T-cell- 
enriched siibpopulation pretreated with anti-CD4 or anti-CD8 antibody 
and complement. The cells were obtained from peripheral venous blood 
of normal healthy controls (□) and the cases of DF/DHF (■). 



Figure 2. Northern blot hybridization analysis or total RNA from the 
PBMC of the cases of DF/DHF and the normal healthy controls, 
T-cells from the cases (lane A 1—3) or controls (lane A 4-6); B-cells 
from the cases (lane B 1—3) or controls (lane B 4—6); Monocytes 
from the cases (lane C 1-3) or controls (lane C 4-6); Total PBMC 
from the cases (lane D 1—3) or controls (lane D 4-6); Positive control, 
RNA from the dengue virus-infected mouse spleen (lane E 1-2) or 
negative control mice (lane E 3-6). 

presented separately. Further experiments showed that 
the production of hCF was abrogated by pretreatment 
of the T-cells by anti-CD4 antibodies but not by the 
anti-CD 8 antibodies (Figure 1). Pretreatment of the T- 
cells with a heterologous antibody, normal sera or com¬ 
plement alone for controls, had no effect. This was 
further confirmed by demonstration of hCF-specific 
mRNA in the T-cell-enriched subpopulation of the cases 
by Northern hybridization. The monocytes and B-cells 
from the cases of dengue and the cells from the normal 
healthy controls did not show the presence of mRNA 
for hCF (Figure 2). 

The results show that hCF was produced by CD4 
positive T-cells in the cases of DF/DHF. This conclusion 
was drawn from the findings of ELISA, dot blot and 
cytotoxicity assay of CS obtained from the cases of 
DF/DHF, for example, hCF activity was similar in CS 


from* total PBMC and T-cell-enriched (depleted of mono¬ 
cytes and B-cells) subpopulations {p > 0.005) while the 
CS from B-cells or monocytes-enriched subpopulations 
had no hCF activity (p> 0.001). Abrogation of the 
production of hCF by pretreatment of T-cells with 
anti-CD4 antibody and not with anti-CD 8 antibody con¬ 
firmed this conclusion. This is in conformity with the 
production of mCF in mice by L 3 T 4 (= human CD4) 
cellsand by in vitro stimulation of human CD4 
positive T-cells with dengue type 2 virus^. A much 
more sensitive and specific technique is detection of 
cytokine by the expression of mRNA by insitu hybridi¬ 
zation*^. Expression of mRNA for hCF in PBMC and 
T-cells of the present series of cases of DF/DHF has 
further strengthened this conclusion. During the present 
epidemic we have observed presence of hCF in over 
90% of the 333 sera tested (R. Agarwal et aL, unpublished 
data), which indicates that CD4 positive T-cells produce 
hCF in detectable amounts in majority of the cases of 
DF/DHF. hCF has been shown to increase the capillary 
permeability and damages the blood—brain barrier in 
micel Studies are underway to determine the precise 
role of hCF in the pathogenesis of DHF in man. 
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Rooting of microshoots of Mangifera 
indica L. cv. Amrapali 

Hussain Ara, Uma Jaiswal and V. S. Jaiswal 

Laboratory of Morphogenesis, CAS in Botany, Banaras Hindu 
University, Varanasi 221 005, India 

A two-step protocol has been developed for in vitro 
rooting of microshoots excised from plantlets obtained 
from nucellar somatic embryos of Amrapali cultivar 
of mango. Role of auxins, their concentrations, treat¬ 
ment periods and culture illumination conditions for 
conferring competence for rooting have been ascer¬ 
tained. Indole-3-butyric acid (IBA) was found to be 
the most potent among three auxins (IBA, indoleacetic 
acid and a-naphthaleneacetic acid) tested for gaining 
competence for efficient rooting and root growth. 
Maximum rooting (89.71%) was found on auxin-free 
agar-gelled rooting medium after 24 h pulse treatment 
with 5.0 mg/1 IBA in liquid root induction medium 
in dark. Dark condition favoured root induction and 
root growth, whereas light incubation (16 h photop¬ 
eriod with 60/lE m”^s"^ light intensity) was inhibitory. 

Amrapali, a compact regular bearing hybrid scion cultivar 
of Mangifera indica L. (family Anacardiaceae) resulting 
from controlled pollinations between ‘Neelum’ and 
‘Dashehari’^ is vegetatively propagated by grafting. This 
requires rootstocks either from seedling of its own or 
from other mono/polyembryonic rootstock cultivar. 
However, in vitro rooting of shoots can facilitate direct 
planting. Despite this, it can also help in achieving the 
goals of clonal multiplication and generation of homo¬ 
genous clones. Efficient rooting system from cuttings 
is an urgent need for exploitation of culture methods 
at commercial level. 

From the field-grown shoots it is very hard to re¬ 
generate roots in vitro due to phenolic exudation and 
contamination during culture initiation. These problems 
are not encountered with shoots derived from in vitro- 
grown cultures. Hence in vitro-gvown shoots can serve 
as an easy experimental unit for research in such plants. 
We describe here the results of experiments for in vitro 
rooting of microshoots (excised from plantlets obtained 
from somatic embryos originated from nucellus) of 
Amrapali cultivar. To the best of our knowledge this 
has been not reported in any cultivar of mango so far. 

Immature fruits of Amrapali cultivar ranging in length 
between 1.0 and 3.5 cm, were collected from Horticultural 
Garden, Institute of Agricultural Sciences, BHU, 
Varanasi, India. Following surface sterilization with 1% 
(v/v) sodium hypochlorite solution, 3% cetrimide solution 
and 2-3 drops of Tween-20 for 15 min, the nucellus 
explants were isolated under aseptic conditions. Somatic 
embryogenesis was induced from these explants by 
inoculating them on modified Murashige and Skoog^ 
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(MS) medium consisting of half-strength major salts, 
full-strength minor and organics, 400 mg /1 L-glutamine, 
100 mg /1 ascorbic acid, 6 . 0 % (w/v) sucrose, 1.0 mg /1 
2,4-dichlorophenoxyacetic acid (2,4-D) gelled with 0.8% 
(w/v) agar for 8-10 weeks in dark^ The somatic embryos 
were matured on 0 . 8 % agar-gelled medium with 6 . 0 % 
sucrose and converted into plantlets (Figure 1 a) in liquid 
medium with 3.0% sucrose-H 1.0 mg/1 gibberellic acid 
(GA 3 ) at 25±2°C in 16h photoperiod provided by cool 
white daylight tubes (Philips, 60 |iE m"^ s"’). The matu¬ 
ration and germination medium contained Gamborg et 
al!^ (B5) major salts (full-strength for maturation and 
half-strength for germination) with full-strength MS mi¬ 
nor and organics. 

In the first step, microshoots {in viYr^?-raised shoots 
from somatic embryos, Figure \a) 1.5 to 2.5 cm long, 
both from apical and nodal regions were removed (Figure 
1 b) under aseptic conditions, surface sterilized with 
0.005% HgClj solution for 1-2 min, and dipped indi¬ 
vidually in about 4 ml liquid root induction medium 
(RIM) consisting of full-strength B5 major salts with 
MS minor and organics, 6.0% sucrose and four different 
concentrations (0.1 to 5.0 mg/1) of indole-3-butyric acid 
(IBA), indoleacetic acid (lAA) or a-naphthaleneacetic 
acid (NAA), (Sigma), in each test tube (25 x 150 mm). 
Later on, nine concentrations (0.001 to 20.0 mg/l) of 
IBA were tested. The control (auxinless RIM) was kept 
for comparison. The cultures were incubated in dark at 
25 ± 2°C for 24 h unless otherwise mentioned. 

In the second step, the microshoots from liquid RIM 
were transferred to auxin-free 0 . 6 % agar-gelled rooting 
medium (ROM) (Figure 1 b) consisting of half-strength 
B5 major salts with MS minor and organics and sucrose 
after 24 h. The cultures were maintained either in com¬ 
plete darkness or in 16/8 h light (60 |llE m s"^) dark 
cycle at 25 ± 2°C for two weeks to induce rooting. The 
effect of treatment periods (0, 8 , 24, 48 and 72 h) and 
illumination conditions (darkness and 16/8 light-dark) 
on rooting and root growth was also studied with 5.0 
mg/l IBA in RIM. pH of all the media was adjusted 
to 5.80 ±0.05 prior to autoclaving at 108 kPa and 121°C 
for 15 min. After two weeks of culture, the number of 
microshoots rooted (for % rooting), root length (mm) 
and number of roots per microshoots were recorded for 
each treatment. The values presented are mean ± SD of 
three independent experiments with 12 microshoots for 
each treatment. The rooted microshoots were then trans¬ 
ferred to 16h photoperiod (60 |liE m'^ s'’) after transfer¬ 
ring to fresh medium (ROM) for shoot elongation and 
growth. 

One way analysis of variance (ANOVA) was used to 
analyse the effect of treatments and comparison among 
specific pairs of treatment was made by the least sig¬ 
nificant difference (LSD) test at 5% or 1% probability 
level. 
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Among the three auxins tested, significant variation 
was observed in rooting percentage, root growth (meas¬ 
ured as root length) and time required for root initiation. 
The microshoots treated with RIM containing IBA 
showed root initiation from day 10 onwards (Figure 1 c), 
IBA concentrations were highly significant for rooting 
(F = 23.56; d.f. = 9, 20; LSD = 15.44) at 1% probability 
level. Per cent rooting gradually increased with increase 


in IBA concentration in RIM. Maximum (89.71 ±4.62%) 
rooting was observed with 5.0 mg/1 IBA in dark, whereas 
in light-incubated cultures only 2.78% microshoots were 
rooted with the same concentration of IBA. Pulse treat- 
,jment (24 h) with higher concentration of IBA (more 
than 5.0 mg/1) caused reduction in rooting percentage 
as 47.22 ± 10.39% and 41.66 ±11.79% rooting was found 
with 10.0 and 20.0 mg/1 respectively. Average root length 



Figure 1. Rooting of microshoots of Mangifera indica L. cv. Amrapali. a, Plantlets 
regenerated from somatic embryos (X 0.86); b, Isolated microshoots on rooting 
medium (xO.80); c, Microshoot showing root initiation after 10 days on rooting 
medium treated with 5.0 mg/1 IBA for 24 h (X10); d. Rooted microshoots after 
12 days showing developing roots (XO.76); fi. Rooted microshoots after 15 days 
(XI). 
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after two weeks was 25.62mm (ranging between 15 
and 40 mm, Figure \d,e) when treated with 5,0 mg/1 
IBA and comparatively shorter roots (4-20 mm) were 
produced at lower (0.001 to 1.0 mg/1) and higher (10.0 
and 20.0 mg/1) concentrations of IBA. The number olfe 
root per microshoot was only one when IBA concen¬ 
tration in RIM was below 0.5 mg/1 but varied between 
1 and 5 when IBA concentration was 0.5 mg/1 or higher. 
Roots induced from microshoots with IBA were soft, 
reddish brown to pinkish brown with root hairs and 
white or yellowish white root tip. 

Rooting was also induced with other auxins (lAA and 
NAA). However, the maximum rooting was only 19.45% 
with an average root length of 10 mm with 5.0 mg/1 
lAA after 24 h pulse treatment in dark. Gradual increase 
in response was observed with the increasing concen¬ 
trations of lAA (0.1 to 5.0 mg/1) in contrast to NAA.. 
In general, 24 h pulse treatment of microshoots in RIM 
containing NAA (0.1 to 5.0 mg/1) showed callusing at 
basal end of microshoots in dark. However, 
11.11 ±4.82% microshoots rooted with 0.1 mg/1 NAA. 
Comparatively shorter root length (approximately 5 mm) 
was observed in cultures treated with NAA. Solitary 
root was observed in all the rooted microshoots induced 
with lAA or NAA. Roots were smooth, dark brown to 
black, hard brittle and the time taken for root initiation 
ranged between 12 and 15 days with lAA or NAA. 

Microshoots (5.55%) produced one root each when 
treated with RIM without any auxin for 24 h. However, 
the root did not grow beyond 5.0 mm of length. The 
presence of auxins in ROM or direct culture of 
microshoots on auxin-containing medium completely sup¬ 
pressed rooting. 

Duration of pulse treatment with RIM containing 
5.0 mg/1 IBA and 6.0% sucrose was observed as a 
highly significant factor for rooting (F= 40.40; df=A, 
10 ; p < 0.01) but nonsignificant for root growth (F = 0.04; 
df-A, 10; p<0.05). Microshoots did not root when 
pulse treatment period was zero hour (i.e. just dipped 
in RIM and cultured on ROM), whereas increase in 
pulse treatment period (0 to 24 h) caused enhancement 
in rooting percentage. Longer treatment periods (48 & 
72 h) lowered the percentage of rooting. However, the 
time taken for root initiation, the number of roots per 
microshoot and the root length were not significantly 
affected by varying periods of treatment. 

The results clearly demonstrate feasibility of the appli¬ 
cation of the tissue culture technique for inducing roots 
from in vitro shoots of mango. Variations with respect to 
per cent rooting, root length, nurhber of roots per microshoot 
and nature of roots were controlled by auxin type and 
their concentrations in RIM and periods of induction 
treatment as well as culture illumination conditions. 

Among the three auxins (IBA, lAA and NAA) tested, 
IBA was found to be highly potent for rooting and root 


development in mango microshoots as has been reported 
in cashewnut^ another member of Anacardiaceae. The 
maximum percentage of rooting and root growth was 
observed in cultures treated with IBA followed by lAA 
and NAA. Presence of NAA induced callusing at explant 
base. In the present study treatment with auxin and 
auxin levels that avoided development of callus from 
shoots were preferred as suggested by Gaspar and 
Coumans^ With the increasing concentration of IBA 
(0.5 to 20.0 mg/1), the number of roots increased but 
root length and rooting percentage were significantly 
decreased at 10.0 and 20.0 mg/1 IBA. Such inhibition 
of root development by very high concentration of auxin 
may be due to enhancement of ethylene biosynthesis in 
the root tissues^. 

The two-step procedure proved to be effective for 
rooting of mango microshoots which was not possible 
in direct culture of microshoots on rooting medium 
containing auxin. The two-step rooting procedure has 
also been reported in teak^ The present study suggests 
that microshoots acquire competence with auxins in 
specific time during first step and induce rooting on 
auxin-free rooting medium, whereas continuous presence 
of auxin suppresses rooting. Transferring to an auxin-free 
medium was necessary for rooting and root growth in 
guava'^ and hybrid larch^^\ whereas auxin-free medium 
reduced the rooting frequency in mexican redbud^ ^ Dark 
incubation favoured root initiation and growth. This may 
be due to alterations of endogenous levels of growth 
inhibitors and promoters, auxin transport or balance of 
auxin and inhibitors in cultures incubated in dark and 
light as reported by Economou and Read^^. 
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Establishment of callus cultures of 
Nyctanthes arbor-tristis from juvenile 
explants and detection of secondary 
metabolites in the callus 

R, Indira Iyer, V. Mathuram* and P. M. Gopinath 

Department of Genetics, Dr A.L.M. Post-Graduate Institute of Basic 
Medical Sciences, University of Madras, Taramani, Chennai 600 113, 
India 

*Captain Srinivasa Murti Drug Research Institute for Ayurveda, 
Arumbakkam, Chennai 600 016, India 

Excised cotyledons, hypocotyls, roots, leaves and bases 
of internodes of plantlets of Nyctanthes arbor-tristis 
callused readily on culture. Plantlets were raised in 
vitro from isolated immature embryos. Calli from 
cotyledons, hypocotyls and roots exhibited faster 
growth compared with those from leaves and inter- 
nodal bases when cultured in Murashige and Skoog’s 
medium with 2,4-D, NAA and coconut milk. Growth 
potential of the calli was not found to decline on 
repeated subcultures, even after twelve months. Hex¬ 
ane and chloroform extracts of callus were found to 
contain p-sitosterol and oleanolic acid. Alcohol extract 
of the callus showed the presence of iridoid glycosides 
by thin layer chromatography. 

Nyctanthes arbor-tristis (Coral jasmine) of Oleaceae is 
a small ornamental tree with fragrant flowers. The plant 
is used in traditional system of Indian medicine for the 
treatment of chronic fever and rheumatism. It is also 
used as an anthelmintic and as a liver and nervine 
tonic'. Eai'lier investigators have reported the presence 
of P-amyrin, p-sitosteroP, friedelin, nyctanthic acid, lu- 
peol and oleanolic acid^ in the leaves. Iridoid and 
phenylpropanoid glycosides have been isolated from 
leaves and seeds. The iridoid arbor-tristoside A has been 
reported to have pronounced anticancer activity"^"^. 

Plant tissue culture techniques are widely employed 
to obtain a stable supply of bioactive secondary pro¬ 
ducts'’"^, including anti-cancer drugs like taxol'". Culture 
of tissues of ligneous species is difficult". There is no 
report on the in vitro propagation of N, arbor-tristis. 
The present communication details culture of excised 
tissues of immature embryos of this plant, establishment 
of culture from juvenile explants taken from axenically 


Table 1. Supplements of growth regulatory to the medium of 
Murashige and Skoog 



2,4-D 

BAP 

NAA 

GA 3 

Coconut 

Medium 

(mg/ 1 ) 

(mg/l) 

(mg/l) 

(mg/I) 

milk (%) 

A* 

5 

_ 

1 

_ 

10 

B* 

_ 

2 

- 

2 

- 

C 

5 

_ 

1 

- 

15 

D 

_ 

3 

- 

- 

- 


^Contained activated charcoal (0.25%). 


grown plantlets and an analysis of secondary metabolites 
obtained from the callus. 

Seeds excised freshly from ripe and unripe fruits were 
washed in running tap water and surface sterilized in 
a laminar flow cabinet by immersing in 0.1% HgCl 2 
for 10 min followed by several rinses with sterile water. 
The zygotic embryos which were aseptically isolated 
either from directly surface-sterilized seeds or from 
aseptically isolated seeds from the unripe fruits were 
cultured. For callus initiation, the explants from the in 
vitro grown plantlets obtained from embryos were cul¬ 
tured on Murashige and Skoog (MS) basal medium'^ 
containing sucrose (3%) and 0.8% agar (Ranbaxy) and 
supplemented with various combinations of growth regu¬ 
lators (Table 1). While the segments of cotyledons, 
hypocotyls, roots and leaves were placed horizontally 
on the surface of the medium, the in ter nodal explants 
were cultured with their bases inserted into the medium. 
The pH of the media was adjusted to 5.7 prior to 
autoclaving at 121°C and 103 kPa for 15 min. Cultures 
were incubated in continuous light from cool white 
fluorescent lamps at an intensity of 2000 lux at 
25 ± 2 °C. Subcultures were carried out at intervals of 
four weeks. 

Phytochemicals were extracted from calli (13 g) derived 
from cotyledons dried at room temperature and also 
from fresh calli (8.8 g) derived from cotyledon, hypocotyl 
and root explants. The dried and powdered cotyledon 
callus was refluxed with n-hexane, chloroform and metha¬ 
nol successively. The fresh callus was refluxed directly 
with methanol. The extracts were evaporated to dryness. 



Figure 1. Germination of excised immature embryo of M arbor- 
tristis in medium A with activated charcoal; b. Rapidly elongated shoot 
on medium B with GA 3 . 
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Thin layer chromatography (TLC) was carried out on 
silica gel plates in the solvent systems: (i) benzene-ethyl 
acetate (4:1) and (ii) ethyl acetate-methanol (9:1). The 
chromatograms were sprayed with (50%). The 

values were recorded and were compared with those 
of authentic compounds. Qualitative tests for sterols 
(Liebermann-Burchard test)^^, triterpenoids (Noller 
test)^^, glycosides (Anthrone test)^"^ and iridoids^^ were 
performed. The test for iridoids was performed by em¬ 
ploying a concentrated methanolic solution of the sub¬ 


stance to which a pinch of vanillin was added followed 
by a few drops of concentrated HCl. The mixture was 
heated and the development of pink colour indicated 
the presence of iridoids. 

The immature zygotic embryos from unripe fruits 
germinated in 3-4 days in medium A (Table 1) with 
or without activated charcoal. The cotyledons turned 
green and plantlets were formed in about two weeks. 
Activated charcoal was reported to be necessary for the 
in vitro germination of embryos of Carcica papaya}^ 



Figure 2. a. Formation of callus from immature cotyledons in medium C; b. Growth of callus after four weeks in medium C; c. Callus 
formation in hypocotyl explants in medium D; d. Callusing of leaf explants; €, Formation of hard granular callus at the internodal base; /, 
Callusing on hypocotyl and roots of intact plantlets. 
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Table 2. 

Growth of the callus 

Hypocotyl 

++++++++ 

Root 

+++++++ 

Cotyledon 

++++ 

Leaf 

++ 

Stem 

+ 


+ Relative measure of the callus size. 


and Phoenix dactylifera^'^ and stimulated root formation 
as a result of its soil-like properties. Isolated embryos 
of Nyctanthes arbor-tristis were found to germinate even 
in the absence of charcoal. Transfer of plantlets to 
medium B (Table 1) with gibberellic acid (GA 3 , 2 mg/1) 
resulted in remarkable increase in the elongation of the 
shoot by about 4 cm when observed after one week 
(Figure 1 a and b). There are reports on germination of 
isolated embryos in vitro in various ligneous species^^"^^ 
and is found to be influenced by the composition of 
the media^^. 

Callus was readily initiated from cotyledons, hypo- 
cotyls, leaf and internodal explants obtained from the 
plantlets directly put into the medium and also from 
the hypocotyls and roots of intact plantlets (Figure 2 
a-e). The growth was, however, rapid in calli from 
hypocotyl, root and cotyledons compared with that from 
stem and leaf (Figure 2/, g; Table 2). The callus from 
leaf explants was amorphous and green in colour. All 
the calli could be maintained for over twelve months 
by subculturing at regular intervals without a decline 
in their growth potential. The growth of the callus in 
medium C with a combination of 2 , 4 -dichlorophenoxy- 
acetic acid (2,4-D) at 5 mg/1, naphthaleneacetic acid 
(NAA) at 1 rag/1 and coconut milk (15%), was faster 
than that seen in media A, B and D. The root and 
hypocotyl calli grown in medium C doubled in a week. 

Both the hexane and chloroform extracts of the dried 
calli derived from cotyledons on examination through 
TLC showed two spots corresponding to (i-sitosterol 
and the triterpenoid, oleanolic acid, which have been 
reported also from the intact planFl The alcohol extract 
of the dried callus obtained from cotyledon answered 
the test for iridoids and sugar^^ and on TLC in ethyl 
acetate—methanol ( 9 : 1 ) showed a spot with value of 
0.65. This, however, did not correspond to any of the 
arbor-tristosides isolated earlier. Yield of secondary me¬ 
tabolites from cultured plant cells has been reported to 
be low'-^ as in the present case which precluded chro¬ 
matographic separation and isolation of the iridoids, 
p“Sitosterol and oleanolic acid were also detected in the 
methanolic extract of the fresh callus. TLC of the 
methanolic extract in ethyl acetate-methanol (9:1) 
revealed two prominent spots with values 0.24 and 
0.29 respectively. The response to the test for iridoids 
was positive. The R^ values, however, were different 
from any of the iridoid glycosides isolated from the 
intact plant. 
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The results are consistent with the fact that the plant 
cell cultures produce a spectrum of compounds different 
from those produced by intact planP"^^ though low 
yield under culture conditions may not be favourable 
for commercial exploitation^^. 

The study thus demonstrates the possibility of obtaining 
rapidly growing calli from juvenile explants oi Nyctanthes 
arbor-tristis excised from axenically grown plantlets 
raised in vitro from isolated zygotic embryos. |3-Sitosterol 
and oleanolic acid were detected in the extract from 
the calli. Application of precursors^^’^^ or changes in the 
culture conditions'^ may result in significant increase in 
the yield of desired compounds. Large-scale production 
of the callus will enable isolation and characterization 
of the unidentified compounds detected. 
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Photoperiodic regulation of 
reproduction in migratory bunting, 
Emberiza melanocephala: 

An evidence for external 
coincidence model 
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India 

Photosensitive female blackheaded buntings {Emberiza 
melanocephala) were exposed to various night- 
interruption cycles for 42 days. These light-dark 
cycles consisted of a basic photophase of 6 h and 1 h 
photointerruption of the 18 h dark phase in 24 h 
cycle at different points. A control group was also 
placed under short photoperiod (8L : 16D), Ovarian 
growth and increased plasma estradiol level were 
evident in night interruption cycle in which photo¬ 
interruption of dark photophase was made 13 h and 
15 h after the onset of basic photophase, i.e. 
6L : 7D : IL : lOD and 6L : 9D : IL : 8D cycles. The 
present results are consistent with external coincidence 
model (Biinning hypothesis), suggesting the involve¬ 
ment of an endogenous circadian rhythm in photo- 
periodic time measurement in bunting. 

Several avian species of temperate, subtropical and 
tropical zones have been reported to display their 
reproductive, physiological, morphological and behav¬ 
ioural activities in response to environmental cues in 
which the role of photoperiod is of great importance’"^. 
Endogenous circadian rhythm and its involvement in 
control of reproduction in avian as well as in mammalian 
species with regard to photoperiod have been well 
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defined^’^"^. Many powerful methods have been used to 
test the circadian rhythm of sensitivity to light, of which 
night-interruption experimental protocol is worth men¬ 
tioning. It involves the use of repetitive light-dark cycles 
consisting of a main photophase of non-stimulatory 
duration combined with dark phase in 24 h cycle which 
is interrupted by 1 h short pulse of light. Using this 
protocol, various experiments have been carried out on 
avian species, particularly on males paying less attention 
towards females Keeping in view the scanty infor¬ 
mation about female avian species, we sought to explore 
the role of photoinducible phase and involvement of the 
circadian rhythm in photoperiodic time measurement in 
female blackheaded bunting. 

The blackheaded bunting is a migratory finch which 
visits the Indian subcontinent during winter season (Sep¬ 
tember/October) and returns to its breeding ground when 
summer approaches (March : April)Buntings were cap¬ 
tured locally near Varanasi (25°18'N, 83°01'E) in January 
1995 when they were available in plenty. They were 
brought to an outdoor aviary, acclimatized for 15 days 
and then placed in a short photoperiodic (8L: 16D) 
environment for 60 days to make them photosensitive. 
Birds were laparotomized periodically to ensure that 
they maintained regressed ovaries (4-5 mg). These pho¬ 
tosensitive birds were divided into six groups (five 
experimental and one control) and kept in wirenet cages 
(50x30x25 cm). The control group was placed under 
short photoperiod (8L:16D) while the experimental 
groups were held under various night interruption cycles 
such as 6L:3D:1L:14D (9 h), 6L:5D:1L:12D 
(11 h), 6L:7D:1L: 10D (13h), 6L: 9D : lL:8D(15h) 
and 6L : 1 ID : IL : 6D (17 h) for 42 days (Table 1). The 
cages containing birds (4 birds/cage) were placed under 
different photoperiodic chambers (as scheduled above), 
illuminated with 20 W fluorescent tubes having light 
intensity of 400 lux at perch level. The food and water 
were supplied ad libitum only during light phase of 
cycles which commenced in each cage at 0600 h. The 
birds were laparotomized before the beginning and at 
the end of experiments and ovarian growth was assessed 
by comparing the size of ovaries in situ, with standard 
sets of ovaries of known weights. The error inherent 
in this method is about 20% (ref. 15). In the beginning 
and at the end, blood was collected in heparinized 
capillary tubes, centrifuged at 4‘^C, plasma separated 
and kept at - 20°C till assayed. The circulating plasma 
estradiol concentration was measured by radioimmuno¬ 
assay using estradiol Direct Radioimmunoassay kit 
(Biotexc Laboratories Inc,, 6023, Southloop East Huston, 
Tx 77033). The kit was highly specific for estradiol. 
The cross reactivity for 17/?-estradiol was 100%. Data 
were analysed using one-way analysis of variance 
(ANOVA) supplemented with Neuman-Keul’s multiple 
range ?-test. 
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Table 1. Effect of various night interruption photoperiodic schedules on ovarian growth and 
plasma estradiol level of female blackheaded bunting. The 6L;7D: IL: lOD and 
6L : 9D: IL : 8D showed significant increase (P< 0.001) in ovarian weight and plasma 
estradiol level while rest group showed no response. 6L : IID: IL : 6D exhibited slight 
increase in ovarian weight and plasma estradiol level which was statistically insignificant. In 
the beginning of the experiment all birds showed a regressed ovarian state (about 5 mg) and 
undetectable level of plasma estradiol (< 10 pg/ml) 


Photoperiodic 

schedule 

Time of intermption 
of 1 h dark phase in each 
cycle 

Ovarian weight 
(mg) 

Plasma estradiol 
(pg/ml) 

8L: 16D 

Control 

4.75 ±0.14 

< 10 

6L: 3D : IL : 14D 

9 

5.95 + 0.21 

< 10 

6L : 5D : IL : 12D 

11 

4.57 ±0.14 

< 10 

6L:7D : IL ; lOD 

13 ' 

18.92 ±0.60* 

280.0 ±17.32* 

6L :9D : IL : 8D 

15 

16.35 ±0.75* 

200.0 ±34.64* 

6L: 11D;1L:6D 

17 

6.55 ± 0.90 

21.6±4.16 


’^'P<0.01, ± denotes SEm. 


Table 1 shows the significant variation in ovarian 
gowth (F-value 133.335, df 18, 5; P< 0.001) and cir¬ 
culating plasma estradiol level (F-value 176.96, df 12, 
5; P< 0.001) during various night interruption light dark 
schedules. The photoperiodic groups of 6L : 7D : IL : lOD 
(13 h) and 6L:9L:1L:8D (15 h) showed significant 
increase (P < 0.01) in ovarian growth and plasma estradiol 
level in comparison with control and other groups. 
Although the 6L : IID : IL: 6D (17 h) group showed a 
little increase in ovarian growth, statistically it was not 
significant. Circulating plasma estradiol concentration 
and ovarian growth of 6L: 7D : IL : lOD (13 h) group 
differ significantly (P<0.01) from those of 
6L : 9D : IL : lOD (15 h) group. The present result clearly 
suggests that the photostimulation in female blackheaded 
bunting occurs under a basically noninductive short day 
length (6 h) when an additional very short light pulse 
(1 h) was introduced during long dark phase. This sup¬ 
ports the existence of an endogenous circadian component 
which plays an important role in timing and triggering 
the induction of a positive photoperiodic response in 
bunting. In all groups only 7 h light pulse was given 
(6 h basic photophase + 1 h photointerruption at different 
points) which is far less than the threshold photoperi¬ 
odicity (12-13 h) of the female bunting (unpublished 
data). This clearly suggests the importance of position 
of light during the circadian rhythm of photosensitivity 
of bird which contains a photoinducible phase which 
when illuminated caused positive response. Light. dark 
regimes of this nature are called skeleton photoperiods 
and they successfully mimic complete photoperiods. 
Thus, the present finding supports the Bunning hypothe¬ 
sis‘d and their interpretations are in total agreement with 
external coincidence model. Photoperiodically controlled 
avian gonadal response may be explained as the result 
of coincidence between the photoinducible phase of an 
entrained circadian component within the bird and 
environmental photoperiod. Photostimulation fails to 
occur when an appropriate relation 
inducible phase and light is not achieved 
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Photostimulation causes ovarian growth and increase in 
plasma estradiol concentration^”"^^ while short day length 
causes decrease in ovarian growth and plasma estradiol 
concentration^"^. The undetectability of plasma estradiol 
in photosensitive buntings and in some experimental 
groups shows similarity with white-browed sparrow 
weaver in which high plasma estrogen was detectable 
only prior to ovulation and most samples showed 
undetectable levels of estrogen""^. To sum up, it is clear 
that the female blackheaded bunting possesses an 
endogenous circadian component and a distinct photo¬ 
inducible phase (12-13 h) which when illuminated leads 
to photoperiodic response and is an evidence for the 
external coincidence model. 
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Incidence of parental care in the 
cockroach Thorax porcellana 
(Saravas) (Blaberidae: Blattaria) 

S. Bhoopathy 

Department of Zoology, Voorhees College, Vellore 632 001, India 

In the ovoviviparous cockroach Thorax porcellana, 
the first two nymphal instars live under the 
dome-shaped elytra of their mother. Young ones are 
completely dependent upon the mother during these 
stages. Modified mandibles of the nymphs help them 
in adhering to the surface of the mother and to 
derive nourishment from the mother. Observations 
are based on the studies made on the living specimens. 

Parental care in cockroaches is mostly limited to the 
strategies of the female for concealing their oothecae. 
The viviparous cockroaches keep their oothecae within 
their bodies until the eggs hatch and thus protect them 
from desiccation and attack from predators and para¬ 
sites Contributions to the studies on parental care in 
such species include those of Shelford^’^ on Pseudo- 
phoraspis nebulosa and Phlebonotus pallens, Pruthi^ on 
Phlebonotus pallens, Hanitsch^ on Perisphaerus glomeri- 
formis and Ellipsidion variegatum, Karny'^ on phoras- 
phinae, Gurney*^ on Perisphaerus sp., Sein^ Pesosa and 
Correa^^ and Wolcott" on Leucophaea maderae. Breed 
et aL showed that females of Blattella germanica were 
more aggressive. 

In the social cockroach, Cryptocercus punctulatus 
which is monogamous and morphologically, ethologically 
and physiologically related to lower termites; the nymphs 
feed by trophallaxis on adult proctodaeal materials 
Nalepa*'^ studied the colony composition of this wood 
roach in detail. Liechti and BelP^ noticed that the nymphs 
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of Byrzeteria fumigata aggregate under the female until 
their cuticle hardens. 

Bhoopathy^^-^^ studied oothecal structural modifications 
with reference to ovoviviparous nature of T. porcellana, 
their microhabitat preferences and their mating behaviour. 

Roth’"'’ made some observations on the arched tegmina 
in pinned museum specimens of the genus Thorax 
(Saussure) and suggested that they may function in a 
maternal care role. The present study brings to light 
the unknown details of the mother-offspring relationship 
in Thorax porcellana (Saravas) on the basis of obser¬ 
vations made on live specimens. 

For the collection of T. porcellana, the forest area 
abounding the Indian Institute of Technology, Guindy, 
Chennai was chosen. This species of cockroach occupies 
a unique microhabitat, occurring amidst clumps of dried 
leaves held between the intertwining branches of dense 
shrubs such as Prosopis spicigera, Gymnosporia montana 
and Flacourtia sp. (Figure 1 a). The site was natural 
with least human interference. This is a univoltine 
species, having a single generation per year. The peculiar 
microhabitat of this species and their solitary habit 
prevents building up of dense populations. Adults were 
found only in August, September and October, while 
the nymphal population was at its peak in April and 
May. The nymphs and the adults of this species do not 
expose themselves to temperature extremes. 

Beating the shrubs with a wide-mouthed net placed 
underneath is the method used for their collection. In 
T. porcellana, which is ovoviviparous, the ootheca 
becomes retracted into the genital pouch of the mother. 
To determine the period of incubation of eggs, adult 
males and females were kept in rearing jars and soon 
after mating, the females were isolated and kept in a 
separate jar. They were fed on a natural diet of dried 
leaves of the above-mentioned shrubs and water. 

They were observed daily for recording the emergence 
of the first instar nymphs which crawl over the mother 
and hide beneath the elytra of the mother; the nymphs 
are, however, discernible only when the female is closely 
viewed at her abdominal pleural region, where a narrow 
gap is let out by the elytra between them and abdominal 
dorsum exposing part of the nymphs. Thus, the incubation 
period could be determined with reasonable precision. 

The nymphs were collected from the mother for 
studying the mandibles and head. The head and mandibles 
of nymphs and adults after clearing in KOH, dehydrated 
with alcohol were cleared in clove oil and mounted on 
Canada Balsam on slides. Photographs were taken for 
further study. 

In T. porcellana, an ootheca containing 34-40 eggs 
was formed, however, due to the ovoviviparous habit 
of this species, the ootheca which was smooth and 
flexible, after an initial extrusion, retracted into the 
genital chamber and was protected in the uterus where 
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embryogenesis occurs. Only one or two ootheca were 
formed during the adult span of 80—120 days. The first 
ootheca was produced 8-13 days after mating, as revealed 
by dissection of mated females. The formation of the 
second ootheca was arrested for a period of 50-60 days 
during which the eggs of the first ootheca underwent 
development. Just prior to retraction, the ootheca 
underwent a laevorotation to orient in such a way as 
to provide enough space by lateral expansion of the 
uterus for the developing eggs. 


In T. porcellana (Figure 1 c), the greatest degree of 
post-parturient association was observed between the 
mother and the offspring. The female carried the oothecae 
in her brood sac within her body until embryogenesis 
was completed. This contrivance ensured protection of 
the young from desiccation and attack by parasites. 
Immediately after hatching, the first instar nymphs (Fig¬ 
ure 1 b), 32-40 in number, which were in small size 
(Table 1), crawled over the abdomen of the mother. 
The upper surface of her abdomen became markedly 



Figure 1. a. The microhabital of Thonvc porcellana formed of dried leaves and tiny twigs suppoited 
by the intertwined horizontal branches of the dense shrubs. Here this species of roach remains 
protected by its cryptic colouration. Beating the shrubs with a wide mouthed net undeineath is the 
method used for collection; *, Mother turned top side down to expose the young ones; c. Adult 
virgin female of T. porcelkvun d. e. Photomicrographs showing the dorsal pores and the inter 
segmental membrane on the dorsal tergum of the mothei. 
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depressed into a fairly spacious trough or chamber with 
its sides raised (Figure 2 c). As the nymphs crawled 
over her body, she raised up her tegmina, which were 
large, tough and dome-shaped, and all the nymphs were 
accommodated compactly; the tegmina were placed in 


Table 1. Size of the first and second nymphal instars and the 
adult female of Thorax porcellana (in mm) 



1 nymphal 
instar 

II nymphal 
instar 

Adult 

female 

Total body length 

2.159 

4.282 

19.50 

Body width across thorax 

1,410 

2.959 

13.00 

Head length 

0.888 

1.184 

4.00 

Head width 

0,522 

1.079 

3.50 

Ratio between head length 

1 :2.43 

1 :3.62 

oo 

oo 

and body length 





position (Figures 2 a, b) so as to conceal all the nymphs 
and to afford perfect protection. The length and width 
of the elytra were 18 mm and 8 mm respectively. The 
hindwings were greatly reduced. In the virgin female, 
the abdominal dorsum was normal. After copulation, 
during the gestation period, the abdominal dorsum be¬ 
came gradually depressed. During embryogenesis, the 
brood sac was greatly enlarged and the reproductive 
organs were suppressed to provide space for the extended 
brood sac. 

As the brood sac resumed its normal size soon after 
the emergence of the young ones, the abdominal dorsum 
depressed at the expense of the space formed, and 
presented the appearance of a trough. First- and second- 
nymphal instars possessed eyes. If the tegmina of the 
brooding female were gently lifted, the young ones 



Figure 2. a, b, Female of Thorax porcellana carrying the first-instar nymphs in her back and the 
nymphs are covered by the dome-shaped elytra, some of them partly exposed; c, T. porcellana 
(female) tegmina and the wings are drawn apart to show the trough-like depression on the abdominal 
dorsum formed during the period of parental care; d. Long head of the first nymphal instar; e, 
Mandible with sharp teeth of the first nymphal stage;/, Mandible with blunt teeth of the adults’ 


250 


CURRENT SCIENCE, VOL. 74, NO. 3, 10 FEBRUARY 1998 





RESEARCH COMMUNICATIONS 


emerged out and scattered in all directions but within 
a few minutes they crept again under the arched tegmina 
and the tegmina were placed in position. The dorso- 
ventral compression of the body of the mother forced 
the flow of body fluids to ooze through the dorsal pores 
(Figure 1 d, e) and the openings on the tergum made 
by the nymphs with the help of their sharp mandibles. 
This fluid forms the food for the developing nymphs 
which they imbibed by their modified mouth parts. 
The feeding behaviour of the first- and the second-instar 
nymphs needs further study on the basis of the body 
fluid constituent of the mother. The length ot the head 
compared to that of the body in the first- (Figure 2d) 
and second-instar nymphs was larger than the length of 
the head and its body in the adults (Table 1 and Figure 
2/). Observations have also shown that the mandibular 
shape of these nymphs differed from that of older 
nymphs (Figure 2e). The younger nymphs had a long 
and sharp terminal tooth which appeared to be suited 
to pierce the intersegmental membranes of the abdominal 
dorsum to draw nourishment. The nymphs derived their 
nutrients only from the mother. When the nymphs were 
removed from the mother and reared in separate con¬ 
tainers and were offered dry leaves, bits of other tender 
twigs, crumbs of bread, sugar crystals and water; they 
did not thrive and died in a day or two. After the 
second moult, the nymphs were no longer dependent 
on their mother and they moved away to feed on their 
natural food. 

In many instances of parental care in cockroaches, 
care is limited to strategies adopted by the female to 
give its ootheca a safe place. Some females exhibit an 
instinctive attitude to conceal the oothecae by some 
extraneous materials’. However, in the present study, 
the parental care extended by the female T. porcellana 
appeared to be interesting, because the female showed 
structural modifications as an adaptation for protecting 
the young ones. The abdominal tergum became depressed 
into a shallow trough and the young ones were compactly 
packed within this space and covered by the hard, 
dome-shaped elytra. Shelford*^ and Pruthi'^ have reported 
a similar instance in Phlebonotus f?allens, while 
Hanitsch^ Gurney^ and Roth^‘^ have reported similar 
behaviour in Perisphaems sp., where the nymphs cling 
to the undersurface of the mother. Although the head 
of T. porcellana was not altogether modified like 
Perisphaems sp., the length and width of the head of 
the nymphs showed clear difference from the proportions 
seen with head of the adults (Table 1). Roth’^ has 
reported that in Perisphaems sp., young nymphs lack 
eyes which make them even more dependent on the 


mother for survival. However, in 7. porcellana it was 
clear that the nymphs possessed eyes and when disturbed, 
they within a few minutes crawled back to the mother 
and moved deep under the elytra. According to Gurney^ 
in Perisphaems sp. the head of the first-instar nymph 
had a very elongated face and slender specialized galeae. 

The observations made in the past were mostly on 
the museum specimens and the assumptions on the shape 
of elytra for the protection of the nymphs and the 
modifications of the mouth parts in the nymphs were 
found to be true in this species. The present observations 
on T. porcellana establish the obvious dependence of the 
first- and second-instar nymphs on the maternal secretions 
for their nutrition. Although some details on the parental 
care exhibited by T, porcellana are highlighted in the 
present study, it remains to be discovered how and on 
what substance of maternal origin the young feed. 
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Field geology, petrography, and 
orthopyroxene clusters of the 
Dhule-Parola dike, Tapi valley, 
central Deccan basalt province 

S. Keshav', H. C. Sheth' and D. Chandrasekharam' 

’Department of Earth Sciences, Indian Institute of Technology, Powai, 
Bombay 400 076, India 

^Centro di Studio per la Mineragenesi e la Geochimica Applicata, via 
La pira 4, 50121 Florence, Italy 

The > 40 km-long, E-W-trending Dhule-Parola mul¬ 
tiple dike marks the southern limit of the Tapi rift. 
It is made up mainly of an aphyric and a plagioclase 
(pl)-phyric dike, with large loose boulders of dioritic 
gabbros. Unlike a previous report, we have found 
no clearcut basement xenoliths in it. In the pl-phyric 
dike, the groundmass plagioclases are more calcic 
(An}{,j_y 2 ) than the phenocrysts (An 82 _ 85 )- This unusual 
phenomenon indicates contamination or magma mix¬ 
ing. An interesting observation is the presence of 
orthopyroxene clusters in the pl-phyric dike. Each 
of these clusters comprises hundreds of microscopic, 
individual orthopyroxene crystals. Except from Shir- 
pur, in the same general area as that of the present 
study, the development of such puzzling clusters is 
not yet reported from basalts of the entire Deccan 
province. 

We have mapped and sampled a >40km-long Deccan 
Trap dike between Dhule and Parola in northern 
Maharashtra, parallel to the Narraada-Satpura-Tapi 
regional tectonic trend (E-W). This dike is apparently 
the southernmost member of the major E-W-trending 
dike swarm in this region, and thus marks the southern 
limit of the Tapi rift. The presence of basement xenoliths 
in this dike has been briefly mentioned by Guha', who 
however did not mention their lithology. Over vast areas 
of the Deccan the basement is completely covered by 
the basalts; and hence xenoliths, if found in the Deccan 
flows or dikes, would provide invaluable information. 
At present such confirmed xenolith occurrences are few 
(e.g. lithospheric mantle xenoliths from Kutch"'^ and 
from Murud-Janjira"^; crustal xenoliths from near 
Mahabaleshwar^ and Mandaleswar^*^). Suspected base¬ 
ment xenoliths in dikes of Shahada and Shirpur*^ were 
later indicated to be of Deccan age (~ 65 Ma) based on 
'^^^Ar-^'^Ar radiometric dating'^ With careful field obser¬ 
vations they are now known to be simply the weathered 
remnants of a major, multiple Deccan dike'”. Thus, as 
the scarcity of basement xenoliths in the Deccan has 
made them highly valuable, we made a detailed field 
and petrographic study of the Dhule-Parola dike, the 
results of which are reported here. 

The physiographic expression of this dike is a ridge 

*For correspondence 


which begins 3 km north of Dhule town (20°54'N, 
74°25'E) and runs for > 40 km eastward up to Parola 
(20°53'N, 75"07'E) (Figure 1). This dike is multiple 
and consists mainly of an aphyric dike and a plagioclase 
(pl)-phyric dike, intruded into a compound flow of 
pl-phyric basalt (Figure 2) which is areally extensive 
and shows an exposed thickness of up to 70 ra near 
Dhule and near Parola. The dike is segmented. It appears 
that it was originally continuous, but right-lateral strike- 
slip faulting and erosion have produced its present 
segmented configuration. Right-lateral strike-slip dis¬ 
placement of older, E-W-trending faults and E-W dikes; 
along younger, N-S-trending cross-faults, has been pre¬ 
viously noted and discussed by Guha'. Our observations 
match with those of Guha in this regard. 

All along the dike large loose boulders are exposed 
and apparently these were described by Guha' as base- 



Figure 1. Geological map of the study area with the Dhule-Parola 
dike shown in black. The locations of Dhule, Shahada, Shirpur and 
Parola and some other important localities in the Deccan province, 
and the Tapi rift and the Satpura range, are also shown. 
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merit xenoliths. However, petrographic studies^^ reveal 
that they are dioritic gabbros. This causes a doubt: are 
they real basement xenoliths of dioritic gabbro compo¬ 
sition, contained in Deccan Trap dikes of crudely the 
same (doleritic-gabbroic) composition? (If so, how were 
they identified as older basement xenoliths, since to our 
knowledge, no radiometric dates exist for them?) Or, 
by analogy with a similar documentation from Shahada 
and Shirpur^^ do these doleritic boulders simply represent 
the weathered remnants of a Deccan Trap dike? (Note 



Figure 2. Road cut near Navalnagar exposes the contact between 
the plagioclase—phyric flow (f) and the pl-phyric dike (d). The flow 
is distinctly compound, made up of a number of flow units. The dike 
shows crude, large blocky jointing in the interior part, but more perfect 
and smaller-scale blocky jointing along its chilled margin (shown by 
arrows). Keshav provides a scale. 


that the Dhule-Parola dike, like the Shahada-Shirpur 
dike^’^®, is a multiple one.) We consider this possibility 
as highly likely. Therefore, though in the absence of 
age data, the Dhule-Parola boulders cannot be ruled out 
as being basement xenoliths, we have still found no 
real evidence to designate them as basement. 

Petrographic ally, the boulders are mainly composed 
of plagioclase (oligoclase-andesine, Anj(,_ 5 Q), augite and 
titanaugite, with minor opaques. They are coarse grained 
with ophitic texture. The aphyric basalt dike has the 
same mineral assemblage as the boulders and differs 
from them in its fine grain size. The evolved plagioclase 
compositions suggest that the boulders and the aphyric 
dike can be termed dioritic gabbros. The Shahada-Shirpur 
dike^’^^^ is precisely of this composition. 

Mineral chemical studies were performed on samples 
of the pl-phyric dike (N4; Navalnagar segment) using 
an energy-dispersive spectrometer (EDS) coupled to a 
scanning electron microscope (SEM) at IIT. The studies 
showed that the groundmass plagioclases are more calcic 
(Anjjy_c; 2 ) than the phenocrystic plagioclases 
The phenocrystic plagioclases have the percentage com¬ 
position Na20 = 1.36, Al 203 = 24.67, Si02 = 59.23 and 
CaO = 14.74, with negligible K^O. The groundmass pla¬ 
gioclases have Na20==1.31, Al 203 = 22.42, Si02 = 56.72, 
CaO ==16.70, and K 2 O = 0.76%. This defies the general 
rule that in a solidifying magma the (early-formed) 
plagioclase phenocrysts are more calcic than the (late- 
formed) groundmass plagioclases. The phenocrysts appear 
to reflect some sort of contamination. They are either 
xenocrysts from the wall rocks (earlier basalt flows or 



Figure 3. Innumerable microscopic, tubular grains of orthopyroxene-forming clusters (plane polarized 
light). White laths are of plagioclase, and black grains are opaque minerals. Sample N2 (plagioclase-phyric 
dike from Navalnagar). 
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basement rocks like anorthosites), picked up by the host 
basalt dike magma during ascent; or they represent 
magma mixing, wherein a primitive liquid with plagio- 
clases having relatively high An content mixed with the 
evolved phenocryst-rich dike magma. 

However, petrographically the most important finding 
has been the presence of microscopic clusters of 
apatite-like crystals. These clusters are mainly found in 
the interstices between groundmass plagioclase grains 
or sometimes within these grains. Each cluster contains 
hundreds of such crystals (Figure 3). Interestingly, very 
similar clusters have been recently known from a Shirpur 
area basalt dike*^'^‘\ The crystals forming these unusual 
clusters in the Shirpur dike and the Dhule-Parola dike 
were earlier thought to be apatite**^ on the basis of 
their needle- or tubular shape, transparency, and first 
order gray interference colour and straight extinction 
between crossed polars. However, ongoing electron 
microprobe studies at the Consiglio Nazionale Delle 
Ricerche (CNR) Laboratory, Italy, indicate that these 
crystals are orthopyroxenes^^, with which identification, 
the above-mentioned optical characteristics are consistent. 
To our knowledge, occurrence of such unique orthopy¬ 
roxene clusters has not been reported from anywhere 
else in the entire Deccan province till date. 
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Mud eruption in Elagiri region, 

Tamil Nadu, South Indian peninsular 
shield 
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Tiruchirapalli 620 024, India 

^Department of Geology, Annamalai University, 
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^Department of Geomatics, Melbourne University, Australia 

The recently occurred mud eruption in Elagiri region, 
Tamil Nadu appreciably signiOes the active tectonic 
movements along N-S trending lineament systems in 
South Indian peninsular shield. Such mud eruption 
warrants further detailed studies in the context of 
active tectonics and mid-plate seismicities in this area. 

On 28 January 1997, Attanavur village (lat. 12°35'N, 
long. 78°36'E) located in the close proximity of the 
Elagiri plateau Tamil Nadu, South Indian peninsular 
shield was affected by thundering noise and fracture 
development for nearly 50-60 min in North-South 
direction (Figure 1). This activity was associated with 
an eruption of brownish mud. After three days of such 
activity, Ambur, Vaniyambadi and Tiruppatur (Figure 
1) area felt mild earth tremors. The National Geophysical 
Research Institute, Hyderabad recorded earth tremors 
(Af=3) on 31 January 1997 in the above areas*. 

A field visit was undertaken by us nearly one month 
after the event. Most of the fracture length was filled, 
but a fracture length of 15-20 m in N-S direction with 
a number of branches (Figure 2 e) remained open. In 
and around the crack, mud-eruptive craters of varying 
dimensions (radius of 20-70 cm and a depth of 30 cm 
to 3 m) were present (Figure 2a-d). In and around the 
craters, the mud was usually soft and loose and on 
applying pressure over the dry skin of the erupted mud 
with hands in one crater, the pressure was released with 
a bubble in the other nearby craters, which indicates 
their interconnections. In addition to the brown mud, 
there was a coating of blackish material, giving expres¬ 
sion of burnt appearance (Figure 2 c), and also the mud 
had white clay particles. 

The fissuring and eruption was located at the western 
fringe of the Elagiri Syenite plug (750 Ma), which stands 
raised as a plateau to an elevation of 1121m above 
MSL. The slopes were filled with colluvial fill and 
debris wash material derived from the above syenite 
plug. As the source for the colluvial fill has been the 
Syenite, which is rich in feldspar, obviously such col¬ 
luvial fill contains mostly whitish and brownish clay 
with pebbles and boulders. Further, the occurrence of 
a number of springs indicates the shallow water table 
conditions or the aquiclude behaviour of the groundwater. 
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Figure 2, 
coating; e. 




a. Mud under eruption; b and d. Micro mud-eruptive craters with encircled erupted dry mud- 
The remnant of crack along which mud has erupted. 


c, Mud-eruptive crater showing black 
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The occurrence of such mud eruption in the present 
peninsular shield area is unusual and has been reported 
here for the first time. These are more usually observed 
in regions of recent geological intense orogeny as in 
Andaman-Nicobar, Trinidad, Java, Burma, Rumania, 
Colombia, along the coast of north Africa and inter- 
montane basins of many parts of the worlds But inter¬ 
estingly, this mud eruption is found only along a very 
major lineament which is observed from Tirupathi in 
the north to Cape Comorin in the south (Figure 1 c). 
Ramasamy and BalajF observed that all the N-S trending 
lineaments were active in Holocene times and are Pleis¬ 
tocene extensional fractures in nature and caused due 
to the northerly directed compressive force related to 
post-collision tectonics of peninsular India. 

Between Tirupathi and Palar river, Tirupathi-Cape 
Comorin lineament forms a very conspicuous fracture 
valley (Figure 1 c), whereas it forms a very deep and 
narrow gorge separating the Shevroy and Chitteri hills. 
Just north of Shevroy and Chitteri hills where this 
lineament cuts across the major palaeo channel of 
Cauvery'^ there was observed a drainage reversal (Figure 
1 c). That is, while the palaeochannel indicates the north¬ 
easterly palaeo flow of Cauvery from Stanley reservoir 
in the west towards Sathanur dam in the east, the misfit 
Thoppur Ar is flowing westerly and the misfit Vaniyar 
is flowing easterly from this lineament which indicates 
the phenomenon of probable land wedging along this 
lineament. Between Shevroy and Chitteri hills, where 
this lineament forms a narrow valley, all along the 
western slope of the Chitteri hills, which is rimmed by 
this lineament, land slides and palaeoscars are observed. 
Further south, where this lineament crosses the Cauvery 
river, there is an appreciable drainage deflection. The 
Sirumalai hills get abruptly chopped off on the west by 
this lineament and thus a huge valley is observed between 
Palani and Sirumalai hills. Further down south, the 
Nagamalai-Pudukottai hill ranges are intensely folded 
along this lineament. Again down south, this lineament 
has not only truncated the Western Ghats of Agas- 
theeswaram area, the lineament also seems to show a 
sinistral strike slip of coastal land forms in Cape Comorin. 
The earthquake epicentre data show that in close proxi¬ 
mity of the lineament there occurred repetitive tremors 
in Vaniyambadi, Salem and Tirupattur areas. 

Thus all the above morphotectonic signatures like 
deep gorging, landslides, drainage reversals, drainage 
deflections, acute folding, faulting and sinistral drag of 
pleistocene sediments and the earthquake episodes show 


that this N~S trending lineament is dynamically active 
in the Pleistocene-Holocene times. 

The present mud eruption in close proximity to the 
above discussed N-S major lineament is yet another 
confirmation of the activeness of this lineament. The 
post-eruptive seismic shocks reported by NGRI further 
suggest that this lineament/fault had reactivated during 
the last week of January and first week of Febmary 
1997. Hence, due to such reactivation the colluvial fills 
which comprise highly plastic water-bearing clay derived 
obviously from feldspar-rich Elagiri Syenite got com¬ 
pressed and squeezed due to such tremor/reactivation 
and poured out as eruption. The N-S trend of the above 
recent fissure confirms its tectonic linkage with the 
above mentioned Tirupathi-Cape Comorin lineament. 
Though the occurrence of white material in the brownish 
oxidized mud while endorses its kaolinite nature, the black 
coating in the empted mud probably indicates the presence 
of minor organic matter generated from the trapped plants 
in the colluvial fill. As the presently developed cracks 
have some branches and sympathetic subparallel cracks, 
it can be presumed that it might be a graben-in-graben 
structure caused during the recent reactivation of the above 
major lineament similar to the one reported from Bada 
earthquake province of northeast Africa^ 

Further, Ramasamy and BalajF and Ramasamy et al^ 
have observed that all the N-S trending lineaments of 
Tamil Nadu and adjacent states are active and opening 
up like lenses due to northerly compression. So such 
compression would have reactivated the above N-S 
trending Tirupathi-Cape Comorin lineament during 
January-February 1997 and caused fracturing/micro frac¬ 
turing and subsequent mud flow. 

Hence these aspects need detailed studies in unfurling 
knots pertaining to midplate seismicities. 
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Photosynthesis and the Environment 

(Advances in Photosynthesis, Govindjee, 
series editor). Edited by N. R. Baker. 
Kluwer Academic Publishers, Dordrecht. 
ISBN 0-7923-4316-6. 1997. 491 pp. 

This volume, dealing with many important 
aspects of photosynthesis research, is the 
fifth in Govindjee’s series: Advances in 
Photosynthesis. A book on environmental 
issues of plant sciences will always attract 
the attention of a wide range of readers. 
This is no different as the books on 
environmental aspects of photosynthesis 
are widely used. 

Despite tremendous progress in our 
understanding of molecular mechanisms 
of photosynthetic processes and the 
stmcture-fun'ction relationship of photo¬ 
synthetic apparatus at molecular level, 
our knowledge of the complexities of 
interactions of environmental factors with 
photosynthetic apparatus remains quite 
limited. Researchers are well aware that 
a variety of edaphic and environmental 
factors affect the photosynthetic pro¬ 
cesses. However, the detailed dynamics 
of the interactions of these factors need 
to be known to improve the photosynthetic 
performance of plants. In order to bring 
about improvements in crop productivity 
by agricultural and agrobiotechnologicai 
methods, the specificity of stress impair¬ 
ments of photosynthetic structures and 
functions and the factors that impart stress 
tolerance to photosynthetic systems must 
be fully understood. 

Baker’s book Photosynthesis and the 
Environment discusses these important 
topics comprehensively. The approach of 
this book is novel, integrating basic and 
applied aspects. This reflects the editor’s 
personal approach to research at the Uni¬ 
versity of Essex. The book contains 
twenty chapters, contributed by leading 
experts on the subject selected from 
Europe, USA, Canada and Japan. The 
first three chapters essentially introduce 
the primary processes of energy capture 
by antenna pigments, the regulation of 
light utilization in photoelectron transport. 
These provide a sufficient background 
for the readers to appreciate the dynamics 
of interactions of various environmental 
parameters with photosynthetic systems. 
Each chapter gives an account of the 
recent advances in the field. In addition 
to chapters dealing with the effects of 
fluctuating light, temperature or elevated 


CO 2 , the volume contains chapters on 
the regulation and co-ordination of carbon 
assimilation pathways and discusses how 
the enzymes alter the fluxes of metabolites 
through these pathways. 

The role of sugars in the source-sink 
adjustments has gained much importance 
on studies related to high CO 2 levels, 
elevated temperature and drought. This 
volume contains several authoritative 
discussions on such current research 
topics. The chapter on the role of free 
radical and the scavenging enzyme during 
oxidative stresses is very illustrative. 

As a large number of researchers in 
India work on photosynthetic performance 
under high light, high COj, high 
temperature, drought and UVB radiation, 
this volume should be useful. The editor 
has included articles on environmental 
stresses, except for salinity, metal ion 
stress, some specific nutrient stresses, and 
air pollutant stress effects in the book. 
The molecular biological approaches in 
studying environmental effects on photo¬ 
synthesis are currently popular and the 
volume contains a small chapter. It would 
have been useful to have detailed 
treatments of signal transduction as well 
as on transgenic photosynthesis. The 
inclusion of stomatal biophysics and bio¬ 
chemistry in the volume adds to the 
strength of the book. Similarly, topics on 
gas-exchange models and measurements 
emphasize the multidisciplinary approaches 
for elucidating plant-environment inter¬ 
action. 

Professor Baker is to be lauded for 
bringing out this topical volume. The 
effects of environments on photosynthesis 
are of global concern. This volume will 
be useful to a wide spectrum of plant 
biologists working on ecology, forestry, 
crop science and agronomy. Teachers of¬ 
fering courses on crop physiology, plant 
physiology and environmental biology 
will find this a good reference. Like 
previous books in the series, Photosyn¬ 
thesis and Environment contains numer¬ 
ous illustrations, graphs and sketches. 
Uniformity in presentations in various 
chapters is also maintained. Thus the 
book will be liked by both students and 
teachers. 

I wish to congratulate the Editor, Prof 
Baker for this important addition to the 
series. The Kluwer Academic Publishers 
add to their reputation as publishers of 
advanced plant science texts and other 
high quality publications. It is unfortunate 


that all the books in the series are very 
expensive and thus this book shall remain 
out of the reach of many students, teachers 
and school/college libraries. Unless inex¬ 
pensive paperback editions are made 
available, the appreciation of the books 
in the series shall remain restricted. Photo¬ 
synthesis and the Environment is very 
informative and quite a few researchers 
in plant sciences might like to have a 
copy of this book in spite of the pro¬ 
hibitive cost. 

Prasanna Mohanty 

School of Life Sciences, 

Jawaharlal Nehru University, 

New Delhi 110 067, India 


Why Toast Lands Jelly-Side Down. 

Robert Ehrlich, Princeton University 
Press, 41 William Street, Princeton, New 
Jersey 08540, USA. 1997. Price: $ 35 
(HB) and $ 14.95 (PB). 196 pp. 

There is physics in everyday life, and in 
Why Toast Lands Jelly-Side Down, the 
author Robert Ehrlich has tried to get 
the reader acquainted with it. And I think 
he has done so quite successfully. This 
is due partly to his chosen method — the 
book is an exercise in DIY (do-it-yourself) 
and offers the pleasure of finding things 
out. It is equally due to his choice of 
problems, taken mostly from our shared 
everyday experiences, but requiring 
explanations that in most cases go just 
a little beyond the common sense. 
Thus there are elementary and direct 
demonstrations that communicate to the 
reader the few basic principles of physics 
that underlie the diversity of phenomena, 
mostly mechanical though, e.g. Newton’s 
laws of motion, laws of conservation of 
energy, momentum, etc. Then there are 
analyses of apparently simple phenomena 
that point to deeper implications, e.g. the 
steady drift motion of an object on an 
inclined plane which is being gently 
tapped, that relates to the physics of 
electrical resistivity and friction. And then 
there are some ingenious simulations that 
drive home some rather subtle facts far 
removed from common experience, but 
of great interest, e.g. the expanding uni¬ 
verse. The combination of demonstration, 
explanation and simulation has an 
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empowering effect on the reader. All 
along the reader is encouraged to try 
things out himself/herself. The most 
sophisticated equipment required is no 
more than an OHP. 

There are over some 150 problems 
posed and resolved - about 50 in, mecha¬ 
nics, 15 in fluid mechanics, 18 in wave 
motion, 7 in electricity and magnetics, 
15 in optics, 10 in modem physics and 
so on. So, you have a choice. 

My greatest favourites were the problem 
of the Toast Landing Jelly-Side Down, 


the Tippy Top, Stick-Slip motion under 
tapping, and the expanding universe, to 
name just a few. 

One does detect some weaknesses here 
and there. The discussion of Tippy Top 
is rather vague and leaves the curious 
reader unconvinced. Also, when discuss¬ 
ing the case of the Toast Landing Jelly- 
Side Down, the author could have aptly 
mentioned the case of the cat landing on 
its four feet-a curious problem of 
pesematology, though the explanation is 
quite different. One would have expected 


some examples from the physics of 
toys - the case of the rattleback perhaps, 
though not of the Levitron'^^ of course. 

Let me conclude by saying that all in 
all I have enjoyed reading the book and 
trying out some of the things described 
in it. Strongly recommended for high 
school/college students. 

N. Kumar 

Raman Research Institute, 

Bangalore 560080, India 


TRendys in 

TRendys in biochemistry is an informal national forum devoted to promote discussions on the newly 
emerging areas in the general field of biochemistry and molecular biology. This forum was initiated 
on the basis of a unique type of activity originally started by Prof. T. Ramasarma of Biochemistry 
Department, IISc., Bangalore wherein a few interested people used to gather once in a while and 
discuss various frontier topics and thought-provoking concepts in modem biology. Some people felt 
that this is an activity which deserves to be ‘nationalized’ so that it can benefit many youngsters 
by promoting innovative thinking and the courage to speak up and discuss any breakaway idea. 
The first such meeting was held in January 1994 at University of Hyderabad (Prof. Goverdhan 
Mehta). The second meeting* was held at National Institute of Immunology, New Delhi, in 1995 
(Drs S. Hasnain and Kanuri S. Rao). The third and fourth were held at CFTRI, Mysore (1996; Dr 
V. Prakash) and IICB, Calcutta (1997; Drs Jyotirmoy Das and Pranab Sarkar) respectively. During 
the Fourth meeting, it was decided that the Fifth meeting may be organized at Hyderabad so that 
the original charter of this forum could be once again emphasized and revitalized. 

It is the philosophy of these meetings that about 10-15 persons who could fit into the concept 
of these meetings are to be invited to speak on topic of their choice which should be more in the 
nature of a concept, or a thought or a breakaway idea. The presentation could also be an integrated 
and critical review of a new development in a well-defined area that could be related to the area 
of interest of the speaker but this forum is not intended for presenting data of once own research 
findings. All the invitees are expected to find their own travel money. Local hospitality would be 
provided by the organizers. The 1998 meeting is likely to take place some time during the month 
of August. 

Scientists interested to know more and participate in this kind of activity may please contact Prof. 
Kalluri Subba Rao, Head, Department of Biochemistry, University of Hyderabad, Hyderabad 500 046. 
Phone: 040-3010451 (O), 040-3010256 (R); Fax: 040-3010120/145. E-mail: ksrsl@uohyd.ernet.in. 
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An outstanding nutrition scientist 

An obituary of B. V. Ramasastri 


Dr Bulusu Venkata Ramasastri, former 
Deputy Director of National Institute of 
Nutrition, Hyderabad, passed away on 13 
December 1997. In his death the nation 
has lost an outstanding nutrition scientist, 
and for many of us, a very dear friend. 
He was among the few iconoclasts and 
intellectual rebels that ICMR could ever 
boast of and has charmed many with his 
abiding good will and friendly advice. 
His general interests in matters of music, 
science, horticulture and a good evening 
conversation are remembered very fondly 
by his friends. We remember late D. 
Krishnamurthy, the pathologist, elabo¬ 
rately and pointedly groaning in the cor¬ 
ridors of National Institute of Nutrition 
(NIN) whenever Ramasastri started yet 
another episode of ‘When I was in Aus¬ 
tralian National University ,. 

At a time when nutritional biochemistiy 
was the major theme in biochemistry, 
Ramasastri contributed significantly to the 
science and its application in this country. 
He was born on 24 April 1924 in 
Amalapuram, East Godavari District of 
Andhra Pradesh. His early education in 
Andhra University led him to obtain a 
Masters degree in chemistry of foods and 
drugs in 1946. He joined the then 
Nutrition Research Laboratories situated 
at Conoor in 1947 on a prestigious 
Parlakamidi Research Fellowship. He con¬ 
tinued in these labs subsequently at 
Hyderabad and became a Deputy Director 
of the National Institute of Nutrition in 
1978. He retired in that capacity from 
the ICMR. 

A major area of his work started with 
R. L. Blakely in Australia. During his 
tenure with nutritional laboratories, he 
had unique opportunity to go to Australia 
National University, Canberra, Australia, 
to work for his doctorate degree. His 


doctoral work on folic acid metabolism 
with Blakely has attained international 
recognition for the discovery and purifi¬ 
cation of 5,10-methylenetetrahydro folate 
dehydrogenase. Even today the Sigma 
Company of USA supplies this enzyme 
purified as per the procedure of Rama¬ 
sastri and Blakely. His work on oxida¬ 



tion-reduction was on par with the best 
of biochemical work anywhere. He did 
not rest on these laurels when he came 
home and went whole heartedly into what 
would be the mainstay nutritional 
research. 

Ramasastri’s contributions to nutritional 
biochemistry have been significant and 
socially relevant. His work was mainly 
concerned with folic acid metabolism, 
calcium absorption and analytical tech¬ 
niques for easy assessment of thiamine, 
choline, etc. His book (with co-authors) 
on Nutritive Value of Indian Foods is 
generally considered to be a bible for 
reference purposes by nutritionists, clini¬ 
cians, and planners. One of us (V.S.) had 
the occasion to meet Indians abroad, in 
as distant place as Brazil, using this book 


as the ultimate reference point on all 
matters culinary. A major value of this 
book has been that it gave a compendium 
of various words used in different Indian 
languages to describe the same plant or 
vegetable. In his later years at NIN, he 
failed to convince the ICMR hierarchy 
on the need to create a food encyclopaedia 
as the second stage of this book, a task 
yet to begin in this country even today, 
Ramasastri could perhaps be considered 
by outsiders as an introvert but his col¬ 
leagues know him to be otherwise. He 
was known particularly for his antipathy 
for compromise be it science or otherwise. 
His commitment to science and his 
insights in applying science were unique. 
It was not above him to participate in 
discussions on food standards with the 
central government and good-naturedly 
advise his fellow committee men that 
‘,, . percentage contamination permissible 
in food grains is not the main concern. 
We should figure out what the contami¬ 
nants are since cyanide and cow dung 
have different toxicological connotations.’ 
He was fond of classical music. He leaves 
behind his wife, a son and a daughter. 
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Call for applications for beamtime allocation on 
Italian Synchrotron Radiation source, Elettra 

The Department of Science & Technology (DST), Government of India together with 
the Ministry of Foreign Affairs, Government of Italy is promoting the use of beamimes 
at Italian Synchrotron source, Elettra, at Trieste by the Indian scientific community. 
DST invites proposals for experiments on these beamlines. 

2 Elettra is a third generation 2 GeV Synchrotron Radiation Source of high brilliance 
and offers intense VUV, soft and hard X-ray beams using bending magnets, undu ators 

and wigglers. Proposals can be made for experiments on the following ten beamimes. 

I. ESCA (Beamline 2.2 R) 

ii. ESCA Microscopy (Beamline 2.2 L) 

ill. VUV Photoemission Spectroscopy (Beamline 3.2 R) 

iv. Spectromicroscopy (Beamline 3.2 L) 

V. Circular Polarization Spectroscopy (Beamline 4.2 R) 

vi. Hard X-ray Diffraction (Beamline 5.2 R) 

vii. Small Angle X-ray scattering (Beamline 6.2 L) 

viii. Gas Phase Photoemission Spectroscopy (Beamline 6.1 R) 
lx. Diagnostic Radiology for Medical Physics (Beamline 6.1 R) 

X. Surface Diffraction Studies (Beamline 7.2 R) 

3 Further details of beamlines are available at the internet w-eb address 
http;//www.elettra.trieste.it. They can also be got by writing to Smt ^adhana Relia 
Principal Scientific Officer, International Division, Department 

(DST), Technology Bhawan, New Mehrauli Road, New Delhi 110 016 (Fax No. 
011-6862418). 

4 Typical experiment at Elettra would take about a week and '"equest for two 
scientiste^ per experiment may be considered for experiments longer than 3 days (9 
SS. Scientists are encouraged to contact the Elettra beamline coordinator prior to 
making proposal. The list of scientist-in-charge of Elettra beamlines could be obtaine 
from DST. Collaborative experiments with Italian and other local groups at Elettra can 

also be proposed. 

5. The scientists are requested to send their proposal to DST by 30 April 1998. 

6 The applications invited under this advertisement will be subj^ect to an initial 
scrutiny withfn^ India by DST through an 'Expert Comrnittee’ followed by another round 
of evaluation by ‘Elettra Scientific Review Committee. 

7. Once the proposal qualifies the two-step evaluation, DST will fund the international 
air travel expenses and the Italian Ministry of Foreign Affairs will provide the daily 
allowance for the Indian scientist to cover board, lodging and local transport in Italy 

@Lit 150,000/day. 
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RESEARCHERS IN SCIENCE AND TECHNOLOGY 


A UNIQUE OPPORTUNITY 
TO GET YOUR RESEARCH WORK 
WORLD-WIDE PUBLICITY 

AN OFFER FROM 
DEPARTMENT OF SCIENCE & 
TECHNOLOGY 


DST is developing a National Inventory of R&D Projects currently in progress 
in S&T institutions in the country. INSDOC has been assigned the project 
of compiling the information and developing a database. 

The database will 

• Highlight the Status of S&T research and emerging 
pattern of research in the country. 

• Provide Roster of S&T experts in the country. 

• Be available on-line on natiqnal networks. 

• Enable you to network with fellow Researches. 

Certainly you would like to be a part of this National Endeavourl 

For details and Data Entry Form please contact: 

Ms C. M. Anand 

Principal Investigator 

Project on Intra-Mural Research 

INSDOC 

14, Satsang Vihar Marg 
New Delhi 110 067 

Phone; 686 3518, 686 3521 Telex: 631-73099 
GRAM: "INSDOC NEW DELHI" FAX: 91-11-686 2228 
E-mail; ettg@sirnetd.ernet.in 
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NUCLEAR SCIENCE CENTRE 

NEW DELHI 

Advertisement No. 1/98 

Nuclear Science Centre is an autonomous organization established by the UGC 
for accelerator-based research in various disciplines. A 15 Million Volt Tandem 
is available in-house with research programmes in nuclear physics, materials 
science and various inter-disciplinary areas. A superconducting linear accelerator 
is currently under construction with resonator development jointly with Argonne. 

It has a 600 Watt helium refrigerator and a large closed loop nitrogen reliquefier. 
The Centre has plans to have a parallel activity to develop high current injector 
based on ECR ion source and low beta resonators and also Accelerator Mass 
Spectrometry with the existing tandem. A large internal computer network with 
Internet facility is available. A materials science programme in some focused 
areas is also planned. 

Applications are invited from Indian citizens for the following positions: 

1. SCIENTIST (SF) (Rs 4500-5700) 

Senior experimental physicist in materials science. Must be capable of leading 
his/her own research programme using heavy ion beams. Ph.D. with 9 years 
experience. Highly qualified candidates may be considered for higher grades. 

2. SCIENTIST (SE) (Rs 3700-5000) 3 Posts 

Physicist/Technologist with experience in cryogenics, or ion sources, beam 
transport systems or accelerator based mass spectrometry-and/or other accelerator 
associated developments. Ph.D. with 4 years experience or M.Tech. with 6 
years experience desirable. Highly qualified candidates may be considered for 
higher grades. 

3. SCIENTIST (SD) (Rs 3000-4500) 

Scientist/Technologist with experience in information technology, B.E. with 5 
years experience/M.Tech. with 2 years experience. 

Minimum total monthly emoluments in the grades SD, SE and SF are, at 
present Rs9370, Rs 11,005 and Rs 12,165 respectively (likely to be revised as 
per fifth pay commission recommendations). The posts carry other allowances 
like HRA and benefits like GPF-cum-Gratuity-cum-Pension, LTC and medical 
reimbursements. Leased accommodation may be provided in lieu of HRA. 

The interested persons may apply to the Director, Nuclear Science Centre, 
Post Box No. 10502, Aruna Asaf Ali Marg, New Delhi 110 067, India (FAX 
011-689366) with full curriculum vitae along with the names of three referees 
by 31 March 1998. 
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BHARATHIDASAN UNIVERSITY 

TIRUCHIRAPALLI 620 024 

NATIONAL FACILITY FOR MARINE CYANOBACTERIA 

(Sponsored by Dept of Biotechnology, Govt of India) 

In this infrastructural Research Facility opportunities are avaiiable for interested individuais to carry 
out pioneering research on marine cyanobacteria at the post-doctorai and pre-doctorai levels. 
Candidates with very good academic records, highiy motivated and committed to academic research 
are invited to apply. The research facility is well equipped with faculty trained in modern areas of 
bioiogical research. You can get more information in our home page: http://www.bdu.ernet.in/ 
micro/nfmc.html 

Research Associate 

Ph.D. in Chemistry/Biochemistry with a sound knowiedge and experience in isolation, purification 
and chemical identification of compounds from bioiogicai sources. 

Research Fellows 

M.Sc., Microbioiogy/Biotechnoiogy/Biochemistry/Molecuiar Bioiogy. Candidates with NET quaiification 
preferred. 

Mode of Selection 

Research Associate will be selected on the basis of academic credentials and performance in a 
viva-voce. 

Research Feliows will be selected on the basis of academic credentiais, a written test and an 
interview. The test wiii be covering different branches of biology with emphasis on Instrumental 
techniques. Molecular Biology, Biochemistry, Physiology, Genetics, Immunology, Environmental Biology, 
General Microbiology and Cyanobacteriology. Only those who score more than 50% in the test will 
be called for an interview and selection will be based on overall merit. 

Fellowship financial support 

It will be as per DBT norms. 

Application 

Applications should be made on plain paper giving all details such as name, date of birth, sex, 
community, present and permanent address, educational qualifications in detail starting from Higher 
Secondary school, research and/or other experience, extra-curricular abilities, names of three persons 
of whom at least two should be teachers at different levels from whom we will independently 
obtain a report, a statement as to why you choose to apply for this post, etc. The applications 
neatly typed along with supporting documents and one passport size photograph (not pasted but 
signed by the applicant with name and address on the reverse) should be sent to Dr. G. 
Subramanian, Director, National Facility for Marine Cyanobacteria, Bharathidasan University, 
Tiruchirapalli 620 004, by Registered Post. 

Deadline 

Applications should reach on or before 2 March 1998. Applications received after this date and/or 
deficient in any information called for will be summarily rejected. 

Registrar 
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Mons^into 


We're redefining the way the world looks at life sciences. 

Monsanto India is part of Monsanto USA, is a Fortune 500 Global Life 
Sciences Corporation in the business of Agriculture, Biotechnology, Food 
and Fibre Production, Pharmaceuticals and New Technology Development, 
currently generating revenues in excess of US$6 billion per year. 

Our life sciences organization is expanding research and development efforts 
in India with the commitment to develop new and exciting biotechnology 
products for Indian agriculture. Our R&D Centre, located in Bangalore, 
India has the following position available for experienced scientists in Crop 
Transformation. 

Crop Transformation/Sugarcane 

The successful candidate will have the primary responsibility for generating 
transgenic Sugarcane lines expressing agronomically useful genes and work 
very closely with the Transformation and Molecular Biology groups as well 
as the Global Sugarcane Team in the development of novel Sugarcane 
varieties. 

The candidates should have a Ph.D. degree in appropriate discipline and 
2-5 years of experience in transformation and regeneration of monocot 
plants. Expertise in plant tissue culture, excellent communication skills and 
the ability to work in a team environment are critical. A familiarity with 
plant molecular biology and Sugarcane breeding will be highly desirable. 

Monsanto provides a very challenging, fast paced work environment where 
self starters can have extremely satisfying career growth. We invest heavily 
in management training and overall people development. 

Terms of employment will be only the best, with significant opportunity 
for performance-related bonuses. The position above will be provided with 
a fully maintained air-conditioned company car in addition to other benefits. 

Monsanto is an equal opportunity employer. 

Interested candidates may courier their resumes within 7 days with the 
position superscribed on the envelope to Ernest Louis, Monsanto R&D 
Centre, CSIC Complex, IISc Campus, Bangalore 560 012. Telefax: 080-3444452. 
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7th Contact Programme in 
MOLECULAR BIOLOGY (1998) 
for M.Sc. Students 

(Sponsoreci by Department of Science & Technology, Govt of India, New Delhi) 

This 13-day summer laboratory programme aims to expose students of M.Sc. (who have just 
completed their first year) in Zoology/Life Sciences/Biotechnology (and related) subjects to recent 
developments in Molecular Biology and Genetics. Besides lectures, the programme provides an 
opportunity to the participants to themselves carry out laboratory exercises in Genetics and Molecular 
Biology. The programme is tentatively scheduled in the later half of June 1998. 

Interested students may apply on plain paper giving name, sex, address (permanent as well as 
for correspondence), telephone, fax and e-mail no. (if available), date of birth and details of academic 
career from class 10 onwards, mentioning any prizes, scholarships and other distinctions received. 
In addition, they should also provide a brief (about 250 words) write-up on their research interest/s. 
The applicants should also request two of their teachers to send confidential letters of reference 
directly to the undersigned (applications without the confidential letters of references will not be 
considered; if a teacher is recommending more than one student, reiative ranking of the candidates 
should be made). Applications and the letters of reference must reach Prof. S. C. Lakhotia, 
Cytogenetics Laboratory, Department of Zoology, Banaras Hindu University, Varanasi 221 005 
(Tel: (0542) 316145; Fax: (0542) 317457, 317074; e-mail: lakhotia@banaras.ernet.in) on or before 
30 April 1998. Selected participants will be informed by 20 May 1998. 

POST-DOCTORAL RESEARCH PROGRAMME 

IN LIFE SCIENCES AND BIOTECHNOLOGY 

Indian Institute of Science, Bangalore 560 012 
(A Programme sponsored by the Department of Biotechnology, Government of India) 

Postdoctoral Research Associateships (approx. 10 positions) are available for bright young scientists to work 
in the frontier areas of modern biology at different departments of the Biological Sciences Division of the 
Institute. The Associateship is purely temporary and is tenable for a maximum period of 2 years starting from 
1 April 1998. The award is given initially for a period of one year and is renewable for the second year on 
satisfactory performance. 

Candidates holding Ph D degree in any branches of Life Sciences/Chemistry/Physics or MD and a uniformly 
good academic background are eligible for selection. Also candidates who have already submitted the Ph D 
thesis but are awaiting the formal award of the degree are eligible to apply, but they will be appointed as 
Research Associates (Provisional) till they obtain the degree. Minimum consolidated emoluments for Research 
Associates will vary from Rs 4,000 to Rs 4,500 p.m. Single room accommodation will be provided in the 
hostel for the selected candidates. 

Candidates may apply on plain paper with biodata, list of publications (include reprints of important papers 
published), copies of degree certificates (B Sc, M Sc, Ph D), brief one-page synopsis of Ph D thesis, 2 letters 
of references (academic) and a declaration by the candidate stating that in case selected for the associateship, 
he/she will complete the 2-year tenure of the programme. The interviews for the associateships will be 
held in lISc by the third week of March 1998. 

Applications should be addressed to Prof. K. P, Gopinathan, Chairman, Microbiology and Cell Biology 
Department, Indian Institute of Science, Bangalore 560 012, to reach him before 28 February 1998, and 
should be clearly marked on the envelope as DBT Post-Doctoral Associateship. 
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National Centre for Biological Sciences 

T.I.F.R. Centre 

Post Box 1234, Bangalore 560 012 


Advt. No. 2/98 

Positions are available in a research project on the sense of smell in Drosophila supported 
by grants from World Health Organisation (Geneva) and Department of Biotechnology 
(Delhi) to Prof. O. Siddiqi. The WHO project is a collaborative venture with Prof. M. 
Ashburner, Genetics Department, Cambridge University. 

The aim of the project is to understand the molecular biology of olfactory reception and 
the representation of odours in the brain of Drosophila. It is an interdisciplinary endeavour 
combining i) Analysis of genes that affect olfactory responses; ii) Investigation of electro- 
physiological and neural correlates of olfactory behaviour, iii) Study of olfactory conditioning, 
learning and memory. 

Positions: 

1. Post Doctoral Associates: Applicants should have a Ph.D. degree. Experience in molecular 
biology, cell biology or electrophyslology and a strong interest in behavioural genetics will 
be considered added qualifications. (Salary: 5500/--1-HRA 1000/- p.m.) 

2. Research Fellows:. M.Sc. degree in any area of science: Physics, Chemistry, Biology 
or Electrical Engineering. A good alround academic record; strong interest in basic research 
in genetic neurobiology. (Salary: 3700/- p.m.) 

3. Junior Research Fellows: B.Sc. degree in science or engineering. Outstanding academic 
record and aptitude for basic research in biology. (Salary: 2500/- p.m.) 

Research Fellows may be able to register for Ph.D. or M.Sc. if they qualify in the N.C.B.S. 
selection interviews. 

Fellowships are tenable for 2-3 years. The post-doctoral fellowships provide an excellent 
opportunity to young college or University teachers who can obtain leave of absence from 
their institutions to pursue research. 

How to apply: 

Write to Prof. O. Siddiqi, National Centre for Biological Sciences, TIFR Centre, lISc Campus, 
Bangalore 560 012. Please give fuil biodata and academic record and enclose at least 
two supporting letters from referees who can testify to your abilities. 

Last date for application is 30 March 1998. Short listed candidates will be asked to 
come to Bangalore for interview. 
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We’ll help you get there 

If you’re selling science books/journals or 
laboratory products, or wish to recruit 
scientists in your establishment, then 

you’re sure to benefit by 
advertising here. 

Because Current Science reaches nearly every 
university, scientific institution and industrial 
R&D unit in India. What’s more, it’s read by 
hundreds of individual subscribers—students, 
doctoral scientists and professionals in vir¬ 
tually every field of scientific activity in India, 

Current Science has the largest circulation 
among scientific journals in India. 

And to give you more impact, we’re now 
bigger, and better. 

Write now, or send your copy to 

niWEIIT StlENCE 

C. V. Raman Avenue, P. B. No. 8001 , 
Bangalore 560080 
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New Thinking, Great Reading, from 

^ Universities Press 

Educational Monographs 

The Educational Monographs, published in collaboration with the Jawaharlal Nehru Centre for Advanced' 
Scientific Research, Bangalore, address the needs of students and the teaching and research community. 

Deterministic Chaos: Complex Chance out of Simple Necessity 

N. Kumar ISBN 81 7371 042 2 (1996) 112 pp. Rs 70.00 

This monograph defines, describes, and prescribes the newiy emerged paradigm of complexity of change—how a simple system ruled by 
a deterministic law can evolve in a mannertoo complex to predict in detail in the long run. 

Elements of Cosmology 

JayantV.Narlikar ISBN 81 7371 043 0 (1996) 104 pp. Rs 65.00 

Based on lectures given by the author at a number of universities, this book aims to introduce cosmology to students and teachers at the 
graduate level.The description is up-to-date and includes cosmological models, their physical properties and observational tests. 

Forthcoming titles in this series 
Survival Strategies: Cooperation and Conflict in Animal Societies 

Ragkavendra Gadagkar ISBN 81 7371 114 3 (Feb.’98) 192 pp. Rs 120.00 

This book presents a remarkable wealth of insights into the myriad strategies that animals have developed to perpetuate their kind. 
Profusely illustrated, this expert and inviting tour of the social world of animals will inform and charm anyone curious about the motivations 
behind the amazing range of activity in the animal kingdom. 

Dynamic Himalaya 

KS.Valdiya ISBN 81 7371 094 5 (Feb.’98) 208 pp. Rs 160.00 

Aimed at apprising readers of the natural events that occurred and the processes that were in operation before the emergence of the giant 
edifice of the Himalaya, this monograph highlights the mechanisms and the stages of development of the world's youngest mountain 
province. 

The World of Bohr and Dirac: Images of Twentieth Century Physics 

N.Mukunda ISBN 81 7371 095 3 (June’98) 120 pp. Rs 85.00 

Presenting sketches of the lives of Paul Dirac and Niels Bohr, featuring the use of symmetry and invariance in contemporary physical 
theories and mathematical aspects of quantum theory, this book recalls some of the important personalities and events associated with the 
development and growth of quantum theory and relativity. 

Superconductivity Today: An Elementary Introduction 

T.V. Rartuikrishruin & C.N.R. Rao ISBN 81 7371 096 1 104 pp. Rs 80.00 

This fascinating book on superconductivity exhaustively reviews the developments in this area, covering both experimental results and 
present theoretical understanding, and highlights new areas of its application. 

Supercomputers 

V.Rajaraman ISBN 81 7371 097 X 100 pp. Rs 75.00 

This explanatory book presents details of some of the commercially available high performance computers, emphasising need to vectorise 
programs to make effective use of supercomputers and describes some interesting applications of these machines. 

For more Information visit our web site at Mail your orders to .'. Orient Longman Limited 

. • -x- . 3-6-272Himavatnaqar, Hyderabad 500029 

http://www.universitiespress.cojn 0 . ( 040 ) 240294 ,240305,240306,240391 Fax: (040) 230100 
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In this issue 


Raman spectroscopy 

The special section on Raman spec¬ 
troscopy commemorates the 70th 
year of the discovery of the Raman 
effect. C. V. Raman recorded the 
first spectrum of the effect, which 
was subsequently named after him 
on 28 February 1928, a day which is 
now celebrated as National Science 
Day every year. Since that time Ra¬ 
man spectroscopy has transformed 
not only into a tool to understand 
the complex microscopic and time- 
dependent molecular structural phe¬ 
nomena but also to help in many 
diverse applications in industry and 
medicinal research. This has mainly 
been possible due to theoretical ad¬ 
vancements and technological de¬ 
velopment. From an academic point 
of view, the eighties and nineties 
can be considered as the third gen¬ 
eration of Raman spectroscopic re¬ 
search. This period has seen the 
development of time-dependent de¬ 
scription ol the resonance Raman 
theory and also the introduction of 
ultrafast (in tens of femtoseconds) 
laser systems opening up vast areas 
of unknown photochemical and 
photophysical processes. In particu¬ 
lar, studies related to vibrational 
coherence and structural aspects 
related to charge transfer processes 
have been initiated. The potential of 
Raman spectroscopy in the area of 
vibrational coherence is well illus¬ 
trated in the special issue of J. Ra¬ 
man Spectroscopy, 1997, vol. 28. 
The second generation in Raman 
spectroscopy research was initiated 
in the early sixties with the advent 
of laser systems. Of course, the first 
generation of research was mainly 
developed with mercury arc lamps, 
sunlight, etc. as light sources and 
prism spectrometers to disperse the 
scattered light. In this issue, we have 
reproduced the first three papers 
published by C. V. Raman in 1928, 
which actually describe how the first 
experiments were conducted and 
what was observed. The equipment 
used by C. V. Raman is illustrated 
on the cover page. The richness of 
C. V. Raman’s originality is very 


appealing to present-day Raman 
spectroscopists, who routinely util¬ 
ize the technologically superior Ra¬ 
man spectrometer which can almost 
be used as a black box. 

In this special issue, we have at¬ 
tempted to provide a glimpse of the 
recent status of the technique in 
academic research. The first two 
contributions are personal accounts 
of the experiences of two well- 
known Raman spectroscopists. In 
his.paper, M. Ito recounts his entry 
and contributions during the first 
two generations of Raman spectros¬ 
copy and he calls the second gen¬ 
eration Raman spectroscopy the 
‘Raman renaissance’. Raman scatter¬ 
ing is such a weak process, i.e. only 
one in every million incoming pho¬ 
tons emerges as Raman scattering. 

C. V. Raman used light from a mer¬ 
cury lamp or sunlight, which con¬ 
tains a large number of wavelengths 
that need to be separated to get a 
single wavelength (monochromatic 
light). Light of a defined wavelength 
is then used to impinge upon the 
sample in order to observe the scaL 
tering process. It seems, now, that it 
was a miracle that Raman indeed 
managed to observe the scatteiing 
process. Naturally, very intense light 
sources are necessary in order to 
observe the Raman scattering com- 
fortably. The discovery of lasers 
provided that light source. Further, 
the concept of resonance Raman 
spectroscopy was also initiated and 
experimented during that period as 
discussed by Ito (page 300). Tom 
Spiro, likewise has presented a lucid 
account of the development of ap¬ 
plications of resonance Raman 
spectroscopy to heme proteins (page 
304). In his article, Spiro recounts 
what he calls ‘the serendipitous dis¬ 
covery of inverse polarization and 
vibronic scattering in heme protein 
Raman spectra’. His presentation of 
the importance of the availability of 
lasers and the excitement in observ¬ 
ing the manifestation of the inverse 
polarization and vibronic scattering 
makes interesting reading and pro¬ 
vides a glimpse of the historical de- 
velopment of Raman spectroscopy. 


Two articles are by A. Jayaraman et 
al (page 308) and A. K. Ramdas et 
al (page 317), both of whom have 
had the opportunity to work with C. 

V. Raman and their articles form 
authoritative reports on the status in 
their areas of research. Understand¬ 
ing the response of vibrational 
modes at high pressures has been an 
active area of research in Raman 
spectroscopy. Jayaraman, who is 
well known for his contributions in 
high pressure Raman studies, pres¬ 
ents a review of that reseaich area. 

It is well known that C. V. Raman 
had a passion for research on'dia¬ 
monds. Ramdas presents results of 
their investigations on vibrational 
and electronic excitations in isotopi- 
cally-controlled diamonds. Ajay 
Sood and his coworkers (page 322) 
discuss interference-enhanced Ra¬ 
man spectroscopy studies (lERS). 
This lERS method is another novel 
technique developed in the eighties 
to study ultra thin films. Application 
of lERS to studying ultra thin ger¬ 
manium films is demonstrated in the 
article. Finally, the applications of 
resonance Raman spectroscopy to 
chemical dynamics have been re¬ 
viewed with emphasis on the results 
from our group (page 328). In 
this article, the usefulness of 
resonance Raman spectroscopy to 
study structural distortions induced 
immediately on photoexcitation or 
absorption of light has been pre¬ 
sented with some examples. This 
technique essentially, albeit in a 
relative sense, provides intormation 
on how much a bond is moving in 
the first few tens of femtoseconds. I 
would like to personally call this 
method of observation as ^ ‘Video 
spectroscopy’ for a photoinduced 
chemical process, since we can 
watch how the different vibrations 
or bonds move in real time when a 
molecule initiates a photochemical 
process. 

These papers are only a small rep¬ 
resentation of the emerging and 
modern trends in Raman spectros¬ 
copy. There are a number of other 
areas of Raman spectroscopy like 
applications in industrial process 
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control and quality control based on 
the simple fact that Raman spectros¬ 
copy is fundamentally a finger¬ 
printing technique which merits 
mention. Raman imaging is another 
area of research that is fast develop¬ 
ing towards surface and material 
characterization in paint industries, 
corrosion studies, forensic sciences, 
biological cell imaging, etc. The 
applications of Raman spectroscopy 


are emerging as fast as the techno¬ 
logical development in lasers, op¬ 
tics, detectors, fibers, etc. Raman 
was remarkably prescient in con¬ 
cluding his 1928 paper {Indian J. 
Phys., reproduced on page 382) 
with the statement: ‘We are obvi¬ 
ously only at the fringe of a fascinat¬ 
ing new region of experimental 
research which promises to throw 
light on diverse problems relating to 


radiation and wave theory, X-ray 
optics, atomic and molecular spec¬ 
tra, fluorescence and scattering, 
thermodynamics and chemistry. It 
all remains to be worked out’. Had 
C. V. Raman been alive today, 1 
have no doubt that he would have 
immensely been satisfied that his 
effect has developed this far. 

S. Umapathy 


INDIAN ACADEMY OF SCIENCES 

PANEL ON SCIENTIFIC DATA OF PUBLIC INTEREST 

The Indian Academy of Sciences is undertaking a detailed study of issues connected with 
Scientific Data of Public Interest. The objectives of the study are: 

1. To access the position in the country regarding archives of scientific data of public in¬ 
terest, in particular on such issues as: 

(i) the availability of data in various fields. 

(ii) the quality of the data so archived, and 

(iii) the adequacy of methods adopted for ensuring requisite standards of data quality. 

2. To examine current policies governing access to such data in the light of the need to 
ensure informed public opinion and encourage value-addition to the acquired data 
through both public and private enterprise. 

3. To recommend such measures as may be necessary to promote the acquisition of 
data of public interest, the assurance of its quality, and improvement of accessibility to 
it, through the use of appropriate technology and adoption of suitable policies, without 
jeopardizing national security interests. 

4. To consider all such other matters that would enhance the use and value of scientific 
data bases of public interest in the country, and ensure use of such data bases to the 
greatest benefit of the public and of the national scientific effort. 

The panel invites comments, suggestions, accounts of personal experience and any other 
material considered relevant to the terms of reference of the Panel. The material may be 
sent to either of the addresses below: 

Prof. Roddam Narasimha 
(Chairman of the Panel), 

National Institute of Advanced Studies, 

Indian Institute of Science Campus, 

Bangalore 560 012 
Telephone: 91-80-331 0969 
Fax: 91-80-334 6634 
E-mail; roddam©caos.iisc.ernet.in 


Dr Satish R. Shetye 
(Secretary of the Panel), 

Physical Oceanography Division, 
National Institute of Oceanography, 
Dona Paula, Goa 403 004 
Telephone: 91-0832-22 1322 
Fax: 91-0832-223 340 
E-mail:shetye@csnio.ren.nic.in 
Shetye@darya.nio.org 
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Protection of IPR 


CORRESPONDENCE 


This refers to the article on ‘Protection 
of intellectual property rights’ by C. R. 
Bhatia (Curr. Sci,, 1997, 73, 809). I 
fully agree with his views expressed 
about patent laws and GATT agree¬ 
ments. Really, most of us are still 
unable to realize the post-GATT reper¬ 
cussions regarding patents and Trade- 
Related Intellectual Property Systems 
(TRIPS). The general public has almost 
no understanding about these agree¬ 
ments. The Gene Campaign, an NGO 
under Suman Sahai is doing a marvel¬ 
lous job and this organization has been 
doing yeoman’s service to the country 
in creating an awakening in masses for 
the last several years. Even those who 
know the things are unable to accept the 
harsh realities of GATT. After globali¬ 
zation, things are changing very fast and 
we have to keep pace with time as we 
know that ‘time and tide wait for none’. 
But the real tragedy with most of us is 
that we are still harbouring ostrich be¬ 
liefs and cherish some rosy day dreams 
about possible reforms taking place in 
this international pact. Now the time has 
come when we should abstain from 
wishful thinking since these are mean¬ 
ingless. We have to compete with others 
by facing ground realities. In this con¬ 
nection India has to gear up its own 
R&D programmes to develop new 
know-how and hi-tech that can generate 
wealth for the nation. Knowledge is 
wealth now and we have to work in that 
direction to create knowledge. Any new 


idea/thought or technological thing that 
can be exploited to generate wealth for 
the prosperity of a nation must be pro¬ 
tected, and properly paid for in the form 
of patent and copy rights. This is the 
theme of GATT regime. Nothing is 
wrong in this because it will induce 
competitiveness among the countries to 
hunt for something new and better. 

Besides going for new knowledge, we 
should also be careful enough to save 
our rich traditional knowledge. India is 
very prosperous in this domain. Tur¬ 
meric, Curcuma longa (haldi) has been 
a part of growing up for most Indians 
and has been a grandmother’s panacea 
for a variety of cuts, wounds, and mus¬ 
cular sprains and inflammations since 
time immemorial. In 1995, two US sci¬ 
entists, Suman Das and Harihar Cohly 
from the University of Mississippi 
Medical College procured a patent on 
tumeric claiming that they had, for the 
first time, proved the wound-healing 
properties of turmeric. A great hue and 
cry was made in India and the Council 
of Scientific and Industrial Research 
(CSIR) on behalf of Government of 
India filed a case in a US court. Very 
recently after a legal battle, CSIR has 
emerged victorious. The CSIR cited a 
lot of references from old Indian medi¬ 
cal literature and research papers from 
the Indian Journal of Medical Associa¬ 
tion of 1953. Now the patent is can¬ 
celled. But this is not all. Many pirates 
have entered into the Indian garden and 


are looking to rob us as they want to 
profit from traditional oriental wisdom, 

A classic example of neem tree 
{Azadirachta indica) can be mentioned 
which is a native of India and its vari¬ 
ous products have been in use since 
thousands of years back as insecticide, 
pesticide and microbicide in household 
and agriculture. Between 1985 and 
1995, at least 37 patents have been 
granted in the world on the properties ot 
neem and most of them are given on the 
pesticidal property. India could bag only 
3 patents which is really a poor per¬ 
formance. We are lagging far behind the 
multinational giants. It is high time for 
us to wake up and make all-out eftors to 
save our rich traditional knowledge, 
otherwise it will be too late. In the first 
week of January while inaugurating the 
session of Indian Science Congress 
Association at Hyderabad, our prime 
minister has made an important an¬ 
nouncement that government will give 
top priority to intellectual property 
rights of Indians and will set up several 
patent offices in the country to help the 
patentees and patent-seekers. 

K. K. Mishra 

Honii Bhabha Centre for Science 
Education, 

Tata Institute of Fundamental Research, 
y. V. Purav Marg, Mankhurd, 

Mumbai 400 088, India. 
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NEWS 


Boundary layer transition in turbomachines^ 


Aimost four years after the Workshop 
on End-Stage Transition (Cw/r. ScL, 
1994, 67, 6-9; Proceedings of the 
Workshop) now seen as Minnowbrook 
I, nearly 50 participants gathered again 
at the same lovely site on the initiative 
of the same organizers (John Lagraffe of 
Syracuse, Paul Gostelow of Leicester 
and Terry Jones of Oxford). As Lagraffe 
reminded his audience in his opening 
remarks, the first workshop had sought 
to bring together two different com¬ 
munities involved in transition research: 
the Journal of Fluid Mechanics and 
American Society of Mechanical Engi¬ 
neers types, or high and low church, as 
Paul Gostelow had described them. The 
present workshop had a sharper focus 
on turbomachinery flows. 

Roddam Narasimha (JNC/IISc, Ban¬ 
galore) started the proceedings by re¬ 
viewing what had transpired at and after 
Minnowbrook I. The distinguishing 
features of transition in turboraachinery 
flows are that they are unsteady on time 
scales longer than typical eddy turn¬ 
over times, occur in harsh and highly 
disturbed environments at awkward 
Reynolds numbers, and are generally 
three-dimensional (even in the mean). 
As a consequence, the flow is a verita¬ 
ble fluid-dynamical ‘zoo’, characterized 
by separation, reattachment, transition, 
relaminarization, retransition, etc., all 
often occurring in the same flow. Greg 
Walker (Tasmania), in his keynote talk 
the next day, noted how ‘interesting’ the 
problem was, and that this may be a 
version of the well-known Chinese 
curse about living in interesting times 
for turbo-machinery fluid dynamicists. 
Nevertheless, as Narasimha noted, there 
had been much progress on many fronts, 
but it was remarkable that ideas related 
to dynamical chaos, which at first ap¬ 
pear so closely connected with transi¬ 
tion to turbulent flow, had made so little 
impact on the subject they were going to 
discuss at the meeting: the reduction in 
the number of degrees of freedom that 
such ideas have till now provided is 
clearly not sufficiently significant to 
make a practical difference. 

^Report on a Workshop on Boundary Layer 
Transition in Turbomachines held from 7 to 
10 September 1997 at Minnowbrook, New 
York, USA. 


Minnowbrook I had been dominated 
by discussions on spots and modelling. 
Minnowbrook II saw much attention 
devoted to the characteristics of the 
calmed zone trailing a spot and the 
possibilities of its exploitation, and the 
understanding and management of sepa¬ 
ration bubbles and unsteady transition. 

But how important is transition re¬ 
search for the turbomachinery industry? 
Walker cited GE compressor tests (made 
by Halstead) showing transition extend¬ 
ing over 60% of the blade chord, and 
estimates of potential improvement in 
efficiency by several percentage points; 
considering how widely turbomachines 
are used in energy conversion and pro¬ 
pulsion systems, significant economic 
and environmental benefits are possible. 
David Wisler (GE Aircraft Engines, 
Cincinnati) pointed out that the ‘lack of 
ability to predict the location of bound¬ 
ary layer transition lor components in 
gas turbine engines is impeding our 
ability to gain maximum benefit from 
our design effort’. If a complete compu¬ 
tational fluid dynamics (CFD) design 
tool incorporating transition were to be 
available, he foresaw airfoil designs 
with higher blade loading that would 
reduce part count and improve effi¬ 
ciency. He estimated that a 1 % im¬ 
provement in the efficiency of a low 
pressure turbine would result in a saving 
of $52,000 per year on a typical airliner, 
but he v/as willing to accept even 1/2% 
provided it was reliable. Improved 
transition technology was thus very 
relevant. However, Wisler thought it 
was unlikely to have a major impact on 
design: the gas turbine industry is now 
maturing, and is generally driven by 
cost and ‘error-proofing’ the design 
rather than higher performance per se. 

Apart from the gains that may be 
achieved if a reliable CFD design tool 
were to be available, where should one 
look to improve efficiencies now? The 
answer, as summarized by Greg Walker 
and widely endorsed during the meet¬ 
ing, appears to lie in the exploitation 
of the calmed region trailing a spot, 
understanding the time-dependent forc¬ 
ing of transition in a turbine row be¬ 
cause of wakes from upstream rotor 
stages, and the management of separa¬ 
tion bubbles. 


Narasimha considered three- 
dimensionality important, and David 
Ashpis (NASA Lewis) listed 3D effects 
(‘virtually unknown’ in his words) as 
one of the barriers to progress. Several 
participants highlighted transition, sepa¬ 
ration and wake-boundary layer inter¬ 
action as the major problems in 
turbomachinery boundary layers. Ashpis 
noted a 2% drop in efficiency from take¬ 
off to cruise (as the Reynolds number 
drops typically from about 200,000 to 
80,000), and minimizing this loss was 
one of the objectives of the NASA Low 
Pressure Turbine (LPT) Flow Physics 
Program (which involves 6 industries, 6 
universities and 3 government laborato¬ 
ries). 

The calmed region 

The possibility of exploiting the calmed 
region had been foreseen already in the 
pioneering work of Schubauer and Kle- 
banoff, who wrote in 1955 [as Howard 
Hodson (Cambridge) reminded us] that 
‘turbulence injected at the proper time 
intervals can in principle alleviate the 
severity of the turbulence “disease”’. As 
of today there is no clear demonstration 
of the efficacy of this ‘vaccination’ 
principle - as we may call it - but there 
are now indications of how it might be 
done. 

Terry Jones and John Lagraffe de¬ 
scribed work showing that the behav¬ 
iour of the calmed region could be seen 
as the resumed growth of a disturbed 
laminar layer; the rate at which the 
calmed region trailing a spot grows is 
defined by the time for a new boundary 
layer to grow from the point where the 
spot was born. This view leads to a 
good prediction of the duration of 
calming, and a collapse of measured 
heat flux data as a function of time nor¬ 
malized by the duration so estimated. 

Paul Gostelow pointed out that as the 
flow in the calmed region is more stable 
than the boundary layer it replaces, it 
delays separation and suppresses in¬ 
stability. In experiments on a flat plate 
subjected to strong adverse pressure 
gradients, Gostelow finds that the calm 
region behind a triggered spot is exten¬ 
sive. Its interaction with the natural 
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boundary layer is complex, and depends 
on whether the boundary layer is lami¬ 
nar or turbulent. He introduces a new 
relaxation parameter to quantify and 
describe the calmed region, and uses the 
data obtained to validate his model for 
transition. 

Hodson showed some experimental 
data indicating that a higher frequency 
of inducing transition spots could re¬ 
duce the loss coefficient and trailing- 
edge momentum thickness. Ari Seifert 
(Tel Aviv) reported on experiments 
showing that a train ot spots generated 
some 200 momentum thicknesses up- 
strecim of the transition onset location 
can lengthen the transition zone and so 
significantly reduce the intermittency 
downstream in the transition zone; 
whether this would compensate for the 
increase in intermittency upstream and 
so actually reduce drag is not yet clear. 

Unsteady transition 

The time-dependent forcing of transition 
already referred to attracted consider¬ 
able attention at the meeting. Pavel 
Jonas (Prague) reported interesting 
measurements on the transition zone at 
different turbulence levels with super¬ 
posed periodic oscillations of free- 
stream velocity (obtained by rotating a 
flap at the trailing edge of his test- 
surface). When the frequency of oscil¬ 
lation is low, the final part of the tran¬ 
sition zone is considerably longer, and 
the (average) skin friction shows non¬ 
monotonic variations in space; but if the 
frequency is high the transition is rapid 
as in a turbulent-tree stream. The 
changes appear to correlate with an un¬ 
steady Reynolds number directly pro¬ 
portional to the velocity amplitude and 
inversely to the frequency, with a criti¬ 
cal value that determines whether the 
frequency is ‘high’ or ‘low’. Jonas also 
reported on the effect of turbulence 
length scale, which he could vary over a 
range of 1:15 in his facility without 
altering the turbulence intensity; he 
found a delay in the later stages of 
transition when the scales were small. 
Hodson reported experiments using 
surface hot films from unsteady cascade 
as well as full scale rig testing in an 
altitude test facility. David Halstead 
(GE Aircraft Engines, Cincinnati) 
showed detailed measurements of flow 
field unsteadiness in multi-stage com¬ 


pressors and turbines. These experi¬ 
ments provide not only the intensity and 
the spectrum, but also measurements ot 
the length scales in a low pressure tur¬ 
bine. The complexity of the unsteady 
flow field between blade rows was 
shown to increase markedly through the 
turbine. At the inlet of the second stage 
nozzle, the unsteadiness correlates with 
the clocking position of the upstream 
nozzle blade row. (Such correlations 
might ‘select’ particular blades for fail¬ 
ure, as Ashpis noted.) At the exit of the 
turbine, however, no such correlation 
could be found. It is clear that the wakes 
from stator and rotor blades upstream 
get chopped up, and that at some stage 
in the machine identification of the ori¬ 
gin of various chunks of turbulence will 
become difficult, but it is not clear how 
deep into the machine one has to go 
before this happens. At the exit ot the 
turbine there is no discernible ‘free- 
stream’ region, suggesting that experi¬ 
ments with moving wake generators 
upstream of a cascade or single stage 
will not simulate many features of the 
flow field in a multi-stage machine. 

Om Sharma (Pratt and Whitney, E. 
Hartford) showed experimental data 
from an engine and a model rig to high¬ 
light current lack of understanding of 
the actual operating environment in the 
gas turbine engine. Analytical results 
showed the limitations of transi¬ 
tion/turbulence models now in use in 
the low Reynolds number environment 
of low pressure turbines; this problem is 
important because of the loss in etfi- 
ciency during cruise at altitude, where 
Reynolds numbers tend to be low rela¬ 
tive to take-off conditions. 

Separation bubbles 

Separation bubbles are another charac¬ 
teristic feature of many turbomachine 
blade flows. Ting Wang (Clemson) 
sketched three hypothetical modes of 
transition involving bubbles: (i) the 
short bubble at low Reynolds numbers 
(Re) and mild adverse pressure gradi¬ 
ents, (ii) the long bubble - also at low 
Re but in strong adverse pressure gradi¬ 
ents (in both cases the separating flow is 
laminar), and (iii) the transitional bub¬ 
ble. In the short laminar bubble, transi¬ 
tion onset occurs at maximum 
displacement point, and maximum tur¬ 
bulence intensity {u') at (turbulent) reat¬ 


tachment. In the long bubble, there is a 
short, early transition region leading to 
the first reattachment type behaviour, 
but the strong pressure gradient does 
not admit attached flow; a long and late 
transition occurs in the bubble before 
actual reattachment. The transitional 
bubble occurs at high Re and mild ad¬ 
verse pressure gradients. Here transition 
begins before separation and tends to 
house a long initial region (because ot 
the constant pressure plateau induced by 
the bubble), and is followed by a short 
completion phase. Maximum u occurs 
near the maximum displacement point. 
Ting Wang presented correlations for 
the Re values associated with bubble 
events as a function of an acceleration 
parameter for all three modes. 

Nick Cumpsty (Cambridge) presented 
measurements showing how tree stream 
turbulence and incidence have a large 
effect on the nature of the separation 
bubble. At low incidence no evidence of 
spot transition could be seen, but at 
higher incidence and low free stream 
turbulence, spots were clearly visible in 
the bubble shear layer. 

Fred Simon expressed surprise that 
even in separation bubbles the intermit¬ 
tency followed Narasimha’s universal 
distribution, although the Emmons spot 
was presumably specific to wall- 
bounded flows. Narasimha explained 
that the universal distribution depended 
on three postulates: Poisson birth, linear 
propagation and concentrated break¬ 
down; and if these were satisfied the 
universal distribution follows, whether 
or not the Emmons spot is involved. 
Thus, he had found that the temporal 
development of phase transition in 
metals followed the same or related 
distributions. 


Stability 

Eli Reshotko (Case Western) surveyed 
the role that transient growth (first in¬ 
voked by Landahl in 1980 to explain the 
lift-up mechanism in boundary layers) 
can play, especially in roughness- 
induced transition (where there may be 
no evidence of TS waves), and pre¬ 
sented a new picture of possible paths to 
turbulence in wall layers. In the canoni¬ 
cal TS route such transient growth is 
benign and insignificant. Other routes 
are that transient growth provides 
higher input to eigen-mode growth or 
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directly excites secondary instabilities. 
Finally, transient growth can feed into the 
bypass mechanism. With very large 
forcing possessing a crazy spectrum, 
Reshotko thought bypass mechanisms 
can be directly excited without transient or 
eigen-mode growth. Interestingly he found 
evidence of transient growth in pipe ex¬ 
periments conducted at JPL in 1961! 

Herbert reported that the PSE codes 
that work so well for external flows are 
less successful for turbomachinery 
blades. Among various possible causes, 
he found there could be a serious prob¬ 
lem even in the specification of the ge¬ 
ometry of the blade (usually co¬ 
ordinates are given at too many points 
but to too few decimals). Further, com¬ 
puted pressure distributions do not 
agree with measurement (blockage cor¬ 
rections? gradients in outer inviscid 
flow? non-zero wall-normal pressure 
gradients?); these problems need to be 
sorted out first. At any rate, his codes 
have now seen various improvements 
like extension to swept-wing flows and 
inclusion of Klebanoff modes. 

Narasimha briefly described work 
done with Rama Govindarajan (NAL, 
Bangalore) on a new formulation of 
boundary layer stability. This work 
leads to a hierarchy of three equations, 
most easily formulated for the Falkner- 
Skan similarity solutions. The highest 
member of the hierarchy is compatible 
with Herbert’s PSE, but at this order 
consistency in approximation demands 
that account be taken of higher-order 
boundary layer theory, which presents 
difficulties and is therefore generally 
(but unjustifiably) ignored. The next 
member of the hierarchy is a lower or¬ 
der parabolic (LOP) p.d.e. that is sim¬ 
pler than the Herbert PSE; this is the 
highest order rational theory that can 
justifiably neglect higher order bound¬ 
ary layer effects. At sufficiently large 
Reynolds numbers, this LOP theory 
reduces to an o.d.e- that is like Orr- 
Sommerfeld but not identical: two vis¬ 
cous O-S terms are absent but an addi¬ 
tional term representing the transport of 
vorticity by the mean wall-normal ve¬ 
locity is present. All three members of 
the hierarchy apply to non-parallel flow. 
Results show significant differences 
from Orr-Sommerfeld only in strong 
adverse pressure gradients; in free shear 
flows the boundary of absolute instabil¬ 
ity can be substantially different, and 


this may be important for understanding 
separation bubbles. 

Frank Smith (London) reported theo¬ 
retical studies on near-wake transition, 
inspired by the need to understand ro¬ 
tary-blade/wake interactions. The near¬ 
wake may exhibit two length scales, 
because of the presence of a thin inner 
sublayer within a thicker boundary 
layer. He noted that a favourable pres¬ 
sure gradient may destabilize a near 
wake because of the' negative profile 
curvature it induces. Smith highlighted 
various issues in which the stability 
characteristics of the wake - absolute or 
convective, linear or nonlinear - may be 
relevant to transition problems on 
blades. 


Modelling 

Models for the transition zone are now 
proliferating rapidly, and are being gen¬ 
eralized to the unsteady situations pre¬ 
vailing in turbomachinery. Narasimha 
described briefly an improvement made 
by Dey (IISc, Bangalore) to linear- 
combination models, so that they can 
take account of the calming period and 
ensure better momentum conservation. 
Fred Simon (NASA Lewis) presented 
models that utilize the dependence of 
spot characteristics on pressure gradient 
and Mach number for predictions of 
heat transfer; he uses the intermittency 
model of Solomon, Walker and Goste- 
low and correlations for the non- 
dimensional spot formation rate of 
Narasimha. He finds that relative 
changes can be estimated well inde¬ 
pendently of the model, but it is impor¬ 
tant to incorporate Mach number 
effects. His model gives good agreement 
with the data of Arts et al 
Johnson (Liverpool) uses a distrib¬ 
uted breakdown model, postulating that 
spots are induced whenever the instan¬ 
taneous velocity drops 50% below the 
mean - inducing transient local separa¬ 
tion (an idea that I must point out goes 
back to G.I. Taylor). By making suitable 
assumptions on the proportion of min¬ 
ima that induce spots, Johnson provides 
a good fit to the intermittency near on¬ 
set. With correlations for the spot for¬ 
mation rate parameter of Narasimha, he 
is able to get good agreement with the 
data of Abu-Ghannam and Shaw and 
Gostelow. 


Fraser (Dundee) has implemented a 
transition model within the PHOENICS 
package. This is a linear-combination 
integral model, with correlations for the 
start of transition. The integral model is 
a set of coupled ordinary differential 
equations, generated from a Ks type 
equation making certain simplifying 
assumptions. Comparisons were shown 
for several ERCOFTAC test cases, but I 
noted that the peak skin friction coeffi¬ 
cient is always under-predicted. 

Lakshminarayana (Penn State) de¬ 
scribed recent work on a low Reynolds 
number Ke model; he found the Fan~ 
Lakshminarayana-Barnett version gave 
the best results. The model is able to 
predict the occurrence of the major re¬ 
gions associated with wake-induced 
transition, including the calmed zone 
and the transition strip. 

Steelant (Gent) has pursued the idea 
of modelling by-pass transition through 
conditionally averaged flow equations, 
each carrying interaction terms that 
depend on the conditionally averaged 
velocities as well as the intermittency y, 
which is determined either algebraically 
(after Dhawan and Narasimha) or 
through a separate transport equation. 
Reasonable agreement was reported 
with the ERCOFTAC flow T3C5. 

Guohua Xiong (Kentucky) also uses 
conditioned Ke equations with a trans¬ 
port equation for y, to predict transi¬ 
tional flows in low-pressure turbines. 
When an allowance is made for the 
normal variation of y through the Kle¬ 
banoff distribution, Xiong finds good 
agreement with the ERCOFTAC turbine 
series of test cases. 

Daniel Dorney (GMI Institute, Flint 
MI), using Baldwin-Lomax, Ke and qo) 
models, reported on both cascade and 
stage simulations of unsteady transition. 
The first two models give similar results 
on cascades. At a Reynolds number of 
80,000, a transition limit cycle appeared 
in the solutions. They remind me of 
Rotta’s and Pantalu’s observations in a 
pipe, but it is not clear if there is a con¬ 
nection. 

Mark Savill (Cambridge, not present 
at the meeting) circulated a useful report 
about the coordinated European pro¬ 
gramme being promoted by the 
ERCOFTAC Transition Modelling 
Group. The programme now includes 15 
groups outside Europe as well, and is 
becoming a major international force for 
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assessment of transition models - often 
carried out ‘blind’, i.e. without access to 
test data, or even in advance of its ac¬ 
quisition. A total of 15 test cases have 
so far been released to participants. 
Savin’s report for Miniiowbrook con¬ 
tains a detailed description of model 
performance in various cases. 

DNS/LES 

In his opening remarks, Narasimha 
made what he called a ‘modest pro¬ 
posal’, which was to do Direct Numeri¬ 
cal Simulation (DNS) (and possibly also 
Large Eddy Simulation (LES)) on a 
realistic blade, but in the manner advo¬ 
cated in Minnowbrook I (i.e. in ‘mission 
mode’). He suggested beginning with 
the 2D case, with progressive 
‘complexification’ in the geometry (to 
3D), specification of the disturbance 
environment (wake-passing), inclusion 
of compressibility effects, cooling, etc. 
The current state of the art was dis¬ 
cussed in several presentations. Man- 
mohan Rai (NASA Ames) simulates the 
spatially-growing boundary layer on a 
heated flat plate in the presence of rela¬ 
tively high free-stream turbulence. The 
simulation involves 24x10^’ grid 
points. The basic physics of transition is 
captured, but computed onset is slightly 
downstream of observed onset in the 
experiments of Sohn et ai (which Rai 
simulates). It is not clear why the fully 
turbulent boundary layer far down¬ 
stream appears to originate at the lead¬ 
ing edge, and has a profile without a 
wake region. Interestingly, Rai found no 
evidence of negative eddy thermal flux, 
of the kind that some experiments have 
(controversially) reported. 

Neil Sandham (Queen Mary and 
Westfild) has now carried out simula¬ 
tions of separation bubbles showing 
laminar separation, transition and turbu¬ 
lent reattachment, on a 128-processor 
, Cray T3D (achieving 90% paralleliza¬ 
tion efficiency and needing 20,000 
processor-element hours at around 3 
gigaflops). Sandham considered that 
fully-resolved DNS of separation bub¬ 
bles, and single and multiple spot calcu¬ 
lations, are now feasible. 

D. J. Doorly (Imperial College) uses 
the vortex particle-in-cell method to 
study wall-layer dynamics and vortex- 
surface interactions. In a model prob¬ 
lem, a 2D vortex suddenly imposed on a 


wall is shown to lead to eruption of 
boundary-layer vorticity into the free 
stream. 


Miscellaneous 

William Saric (Arizona State, Tempe) 
summarized the detailed experiments 
being carried out in the ASU Unsteady 
Wind Tunnel to understand receptivity 
to free stream disturbances, in particular 
the large-amplitude noise characteristic 
of turbine engines; the problem cannot 
be handled through the usual linear 
mechanisms. Oblique and broad-band 
sound waves are used to determine how 
unstable waves are initiated. Acoustic 
disturbances are produced in bursts, and 
the TS waves detected by a differential 
phase speed technique. Saric empha¬ 
sized that theory, DNS and experiment 
are now in agreement, provided due care 
is exercised in defining receptivity co¬ 
efficients. 

As Walker pointed out, transition is 
most important in the LP turbine and 
compressor, where the blades have rela¬ 
tively high aspect ratio; low aspect ratio 
blades are largely immersed in the tur¬ 
bulent annulus wall boundary layer. 
This - and experimental convenience - 
have led to a large effort in 2D flows. 
But true 2D flows are rare, and 3D phe¬ 
nomena could be very significant. 
Narasimha showed results of measure¬ 
ments (made with Jahanmiri and 
Prabhu) on a spot in a divergent flow 
with no pressure gradient; it was found 
that the spot can cut across local 
streamlines at angles ranging from 3° to 
13°. On the other hand the spot wedge 
grows at an included angle of 20°, about 
the same as in 2D flow. He concluded 
that divergence only produced a geo¬ 
metric distortion of the coherent struc¬ 
ture in the spot (it was no longer 
symmetrical), but hardly affected its 
dynamics. Narasimha also mentioned 
the investigation of the 3D transition 
zone in the same diverging flow carried 
out by Ramesh, Dey and Prabhu (IISc). 

Kohama (Sendai) reported detailed 
investigations of transition on a swept 
flat plate with a displacement body. He 
found two different instabilities apart 
from the well-known stationary mode; 
namely a travelling cross-flow instabil¬ 
ity and a high-frequency secondary in¬ 
stability propagating along the 
stationary vortex. The turbulent wedge 


triggered by this instability starts from 
the middle of the boundary layer on 
each cross-flow vortex. Kohama also 
reported on experiments at control using 
suction. 

Tumin (with Eliahou, Han and Wyg- 
nanski at Tel Aviv) showed that transi¬ 
tion in pipes begins with the distortion 
of the parabolic velocity profile, and 
proceeds through stream-wise rolls 
which amplify and finally break down 
following spikes as in the K-regime in 
boundary layers. 

Jacques Lewalle (Syracuse) showed 
how wavelet analysis can be used on hot 
film series data to characterize and track 
structures in the flow. 

McEligot described a new matched- 
index-of-refraction (MIR) facility that 
has been built at the Idaho National 
Engineering and Environmental Labora¬ 
tory, The idea is that if fluid and model 
in a flow facility have the same refrac¬ 
tive index, one can use laser Doppler 
and particle imaging velocimetry tech¬ 
niques to see through objects without 
disturbing the flow. Problems connected 
with transition on cascades and flow in 
cooling holes are proposed to be inves¬ 
tigated. 

Recommendations 

As at Minnowbrook I, working groups 
were formed to look into selected areas 
and recommend directions for future 
research. Terry Jones, who headed the 
Working Group on the Becalmed Re¬ 
gion, pointed out that details at the 
trailing edge of the spot are not yet un¬ 
derstood; e.g., why does it travel at half 
the free-stream speed? More work needs 
to be done on practical exploitation, not 
only to help manage separation, but 
possibly also aeroelasticity and acous¬ 
tics. 

David Ashpis, whose Working Group 
considered LPT Physics, called for an 
‘Engine Flow Environment Measure¬ 
ment Project’. The discussions at Min¬ 
nowbrook clearly brought out the 
serious need for such a project. Ashpis 
further suggested that the project should 
be international - in execution as well 
as in the review process. He also high¬ 
lighted the need for further studies of 
Mach number and (severe) adverse pres¬ 
sure gradient effects on.spots. 

Terry Simon reported on behalf of 
end-users. What industry needs is robust 
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transition/turbulence models for off- 
design analysis to evaluate design 
choices and determine optimum designs. 
(‘Robustness’ was defined by Wisler as 
the ability to work over a wide envelope 
of initial and boundary conditions, 
Mach and Reynolds numbers, and ge¬ 
ometry, without needing special tuning.) 
Such models have to be integrated into 
the standard CFD codes. But, interest¬ 
ingly, the Group added that it is neces¬ 
sary to include a presentation of 
the physics of transition as well, to 
help engineers in design selection. Fi¬ 
nally, the importance of desensitizing 
the engine to low-Re effects was em¬ 
phasized. 

The fourth Working Group on compu¬ 
tations was chaired by Sandham. The 
Group identified the following DNS 
tasks as feasible in 3 years on current 
computer platforms: 

- Spots, in a range of pressure 
gradients, with study of sensiti¬ 
vity of results to method of trigger¬ 
ing. 

- Separation bubbles on a single 
blade, at Re = 50,000, M = 0.8. Om 
Sarma offered cascade B as a can¬ 
didate, noting that further experi¬ 
ments with well-defined boundary 
conditions may need to be carried 
out. 

In the 3-10 year time frame, assuming 
computer power increases 10-fold in 3 
years, it might be possible to analyse 
wake-blade interactions. Doorly felt 
this would still be expensive. Herbert 
considered that the biggest problem 
would be to prescribe the appropriate 
inflow boundary conditions at the HP 
turbine. 

There was much discussion on how 
all of this work was to be funded. 
Ashpis suggested that NASA, Depart¬ 
ment of Energy and the Air Force 
office of Scientific Research need to 
formulate a joint strategy for support¬ 
ing long-term programmes. This is all 
the more necessary as there are now 
fewer people in industry working 
in ‘enabling technology groups’, so 
the task has to be accomplished by aca¬ 
demia, government and industry work¬ 
ing together for visible benefits. 
Industry was willing to talk, Terry 
Simon said, if academics were willing to 
listen! 


Conclusion 

In his concluding remarks, Narasimha 
said it is even clearer today than it was 
in 1993 that turbomachinery boundary 
layers represent a very interesting and 
complex flow situation. There are other 
flows in the same awkward Reynolds 
number range, such as birds and 
windmills, but these do not present the 
complexity that arises from the multiple 
stages in turbomachinery. The industry 
is now mature, and costs seem to be 
driving everything: it is willing to con¬ 
sider even a half per cent improvement 
in efficiency, but will not easily pay for 
attaining it themselves. 

As far as transition physics is con¬ 
cerned, the increasing interest in sepa¬ 
ration bubbles is both timely and 
welcome. With the many interesting 
studies reported at the meeting, it was 
his assessment that in the coming few 
years the bubble problem would be 
largely sorted out, except of course for 
all .those more basic questions that 
might remain in connection with spots 
and turbulence. 

With regard to spots it was gratifying 
that the studies that he had foreseen in 
1985 as essential were now being con¬ 
ducted. The behaviour of spots in pres¬ 
sure gradients, and the effect of Mach 
number, are slowly getting to be docu¬ 
mented. But it is important to realize 
that we still do not understand spots. 
There is nothing more practical than a 
good theory, as Boltzmann had said, but 
one is not in sight yet: and Frank Smith 
is the only brave soul tackling this diffi¬ 
cult problem. 

The other interesting development 
over the last four years has been the 
considerable attention being devoted to 
‘the calm that follows the storm’. The 
possibilities of exploitation of the calm 
region trailing the spot, foreseen long 
ago by Schubauer and Klebanoff, are 
now being more quantitatively assessed. 

The simpler situations in unsteady 
periodically-forced transitions are being 
sorted out. There is a big question re¬ 
garding the disturbance environment in 
turbomachinery, and the proposed proj¬ 
ect on the subject was absolutely essen¬ 
tial in his view. At the same time, as one 
moves deeper into the turbine and up¬ 
stream wakes get chopped up, it is un¬ 
likely to be either necessary or desirable 
to follow each wake all the way 


through. Surely there must at some stage 
be a method of characterizing the dis- j | 
turbance environment statistically once | 

again, although the statistics required | 

would not be just the intensity, or even I 
a length scale or a spectrum, but would i 
have to be event-based: are there lumps 1 
of turbulence? at what rate do they ar- | 
rive, how fat and intense are they? - and | 
so on. : 

Transition models are now proliferat¬ 
ing. Considering that even five to ten ! 
years ago there were only a few models 
around, growth has been rapid, and the j 
subject is now becoming a minor indus- | 
try. A major question that still remains j 
is whether the models explicitly include | 
the intermittency or not, and if they do 
whether it is treated as a parameter or as i 
a dynamical variable. Models now exist : 
adopting each of these options. 
Narasimha confessed to a personal pref- ] 
erence for physical, integral methods, j 
where one sees exactly what is being 
done, in contrast to the more elaborate j 
multiple p.d.e. systems, the reason being ^ 
that ideas for control, management, 
manipulation, etc. are more obvious 
with the integral models. Of course the : 
p.d.e. systems will perhaps integrate 
more easily with what is now being i 

generally done with fully turbulent j 

boundary layers, and if that route is ■ 

followed, it would be essential in his 
view to follow the suggestion of David ’ 
Ashpis and provide the designer with a 
presentation of the physics as well, so 
that he might be able to pick more in- | 

telligently the design options that | 

should be explored. Whatever model is | 

adopted, it is clear now that it would j 

have to include unsteady transition as j 

well. j 

Narasimha was of the firm view that it j 
was only a matter of time before DNS 
would start to be used in a practical 
way, even though it was not going to be 
easy and may not be immediately ^ 

achievable. The main reason for this ] 
view was that the Reynolds numbers in ; 
turbomachinery are relatively low: even 1 
Re - 50,000 is of direct practical inter- j 
est. He predicted that the first major I 
field in technology where DNS will 
make a direct impact will be turbo- i 

machinery. It was therefore prudent to 
prepare for the future, and if possible to 
make it happen: after all, computer 
power will probably have increased 
about a thousand-fold or more in 10 
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years’ time. He did not want to suggest 
that the full turbine or compressor 
should be handled by DNS, but there 
were various bits of the system that in 
his view should be, keeping always the 
designer’s needs in mind. 

He referred to questions often raised 
about the possible relevance of stability 
theory in turbomachinery. At first sight 
stability would seem unlikely to be a 
major consideration because of the high 
disturbance environment, but various 
presentations made at the meeting 
showed that such a conclusion might be 
hasty. Reshotko’s work on algebraic 
growth showed the importance of ana¬ 
lysing transient disturbances. There was 
still the unresolved question about why 
methods do not work as well on 
blades as on wings; Herbert had sug¬ 
gested several reasons that need to be 
investigated. Narasimha saw iiirther use 


for the simpler alternatives that he and 
his colleagues at Bangalore had investi¬ 
gated. Questions of global and convec¬ 
tive instability may play an important 
role in achieving a fuller understanding 
of the behaviour of separation bubbles 
and of near wakes, as Frank Smith had 
suggested. 

Narasimha finally listed what ap¬ 
peared to him to be conspicuous gaps in 
the present research scene. There is first 
of all too little work on three- 
dimensional flows, too little DNS/LES 
(done specifically for turbomachinery 
flows), and too little theory. A coordi¬ 
nated project on a given blade row as 
more and more stages are mounted up¬ 
stream - coordinating between experi¬ 
ments and computation, if not theory - 
seemed to him to be a great need. Along 
the line of the suggestions made by 
Ashpis, international programmes on the 


disturbance environment in turbom¬ 
achinery and on DNS/LES would seem 
highly worthwhile; ERCOFTAC and 
Minnowbrook have shown how such 
international programmes can be organ¬ 
ized. With the funding situation becom¬ 
ing so difficult, there seemed to be no 
alternative. 

He concluded by thanking the organ¬ 
izers for putting together again such an 
interesting and pleasant meeting where 
industry, academics and government 
were all so well represented and inter¬ 
acted with such enthusiasm and frank¬ 
ness. 


Roddam Narasimha, Fluid Dynamics 
Unit, Jawaharlal Nehru Centre for Ad¬ 
vanced Scientific Research, Bangalore 
560 064, India and Centre for Atmospheric 
and Oceanic Sciences, Indian Institute of 
Science, Bangalore 560 012, India. 


RESEARCH NEWS 


Forces of life and death 


Bhandari 

It appears increasingly likely that the 
origin of life on Earth, and its evolution, 
to a significant extent, may be governed 
by processes operating from beyond the 
Earth. The origin of life on Earth has 
long been postulated to have been initi¬ 
ated from organic molecules accreted 
from space, through influx of meteorites 
and micrometerorites. Some molecules 
which may be precursors of life have 
been identified in meteorites and the 
recent findings* of laevorotatory (left 
handed) amino acids in the carbona¬ 
ceous meteorite which fell in Mur¬ 
chison, Australia in 1969, having the 
same handedness as the amino acids 
occurring on Earth (and not a racemic 
mixture, i.e. left and right handed in 
equal abundance as expected in chemi¬ 
cal synthesis) strengthens this idea. 
Presence of left handed amino acids in 
Murchison had earlier been suspected to 
be contamination from the Earth itself 
but these authors measured the istotopic 
ratio of nitrogen, ’^N/^'^N, in these 
amino acids and found that *^N is heav¬ 
ily enriched, having isotopic composi¬ 
tion (defined by d 15N = +37 to 
+184%o) different from that found in 


organic matter on the Earth (-10 to 
+20%o), thus ruling out their terrestrial 
origin. Although, concrete experimental 
evidence for processes responsible for 
the origin of life on Earth is hard to 
obtain, the subsequent mass extinctions 
which occurred later on Earth (Figure 1) 
since the Cambrian (the past 570 mil¬ 
lion years) and the increase in biodi¬ 
versity, which followed the catastrophe 
every time, bear some support to the 
extraterrestrial influence on drastic 
changes in history of life on Earth. 

The two most recent mass extinctions, 
the first, a series of minor events, 
around 33.7 ±0.5 million years ago, 
when the, Earth changed from Eocene to 
Oligocene epoch and the other, more 
severe one, around 65 million years ago 
when the Earth changed from Creta¬ 
ceous to Palaeocene epoch have been 
studied in detail in recent years. Impact 
of large bodies from space on the Earth 
throughout its geologic history is an 
established fact but Bottomley et al? 
have carefully dated the Popigai impact 
crater in Siberia (100 km diameter) and 
come to the conclusion that its age lies 
too close (within a few hundred thou¬ 


sand years) to the Chesapeake Bay cra¬ 
ter (85 km diameter), off the Coast of 
Virginia in USA, which is dated at 
35.3 ±0.2 million years and therefore 
the two impacts occurred almost simul¬ 
taneously. Such a quick succession of 
impacts is not expected from any statis¬ 
tical consideration from the known or¬ 
bital populations of comets or asteroids. 
Only a large number of comets, if de¬ 
flected from the Oort’s cloud belt by 
some gravitational perturbations, can 
give rise to such a comet shower, result¬ 
ing in multiple impacts over a short 
period of time. The motion of the Sun 
through the galaxy across the spiral 
arms due to its differential orbital pe¬ 
riod and its vertical motion, up and 
down the galactic plane, can also result 
in changes in influx rate of extra solar 
system matter, which can give rise to 
enhanced impact rates of meteorites and 
micrometeorites on Earth. Such impacts 
have to be periodic but this periodicity 
has not been definitely established from 
the crater ages. Serious efforts are re¬ 
quired to find physical and chemical 
evidences of such material at geological 
boundaries to confirm these hypotheses. 
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Figure 1. Sepkoski’s biodiversity curve for marine families during the Phanerozoic 
E1 to E5 represerit major mass extinction events. Timing of major volcanic events on Earth 
and presence of impact signatures like iridium, shocked quartz (SQ), Nickel-rich spinels 
(SP) and spherules (SPH), some of which coincide with the extinctions are shown^ 


The mid to Terminal Eocene is con¬ 
sidered to be an eventful time with sev¬ 
eral minor events of faunal and floral 
extinctions beginning at 40 Ma, punc¬ 
tuated by a few impacts, though not 
always accompanied by extinction, and 
a large-scale volcanism in Ethiopia, 
culminating in a large sea level drop and 
major ice advance. Enahncement of 
concentration of iridium, an element 
high in meteorites and low in Earth’s 
crust, at one or possibly two horizons in 
deep sea sediments, deposited around 
that time, and the occurrence of micro- 
tektites just above them further confirm 
the multiplicity of impacts. IVIoreover, 
the peak activity of Ethiopian volcan¬ 
ism, which was a serious contender for 
the cause of mass extinction 34 million 


years ago, has turned out to be much 
younger, now carefully dated by Corine 
Hofmann and colleagues^ at 30 ± 1 million 
years. The extinction events between Mid- 
Eocene to the Terminal Eocene, may have 
been caused by change in sea levels or 
sudden cooling of climate but the physical 
cause which initiated such severe cli¬ 
matic variations remains elusive. 

Both the hypotheses, impact and vol¬ 
canism, because of large time gaps sepa¬ 
rating them from mass extinctions, 
could not provide a plausible cause of 
the mass extinctions during the Mid 
Eocene-Oligocene period. A number of 
other extraterrestrial causes such as 
supernovae explosions or collisions of 
neutron stars in the vicinity of Earth or 
bursts of neutrinos and consequent ra¬ 


diation overdose directly by neutron- 
and muon-induced transmutations or via 
destruction of ozone layer through le¬ 
thal solar ultraviolet dose, disruption of 
food chain, or cell mutations have been 
proposed. More exotic mechanisms in¬ 
volving dark matter accumulation on the 
Earth, etc. have also been postulated. 

At the Terminal Cretaceous, the impact 
event, very likely of a cometary bolide"*, is 
well established and the 200-300 km cra¬ 
ter at Chicxulub, in Gulf of Mexico is, 
beyond doubt, of impact origin. Simulta¬ 
neity of this impact with the terminal mass 
extinction event 65 million years ago sug¬ 
gests a cause and effect relationship. 
Again, according to precise dating of lava 
flows by Venkatesan and Pande^, Deccan 
volcanism, a serious contender for mass 
extinction at Cretaceous-Tertiary bound¬ 
ary seems to have peaked 2 million years 
before the biological crisis, too early to 
have a cause and effect relationship with 
mass extinction. Thus, at the Cretaceous- 
Tertiary boundary, it is clear that volcan¬ 
ism may have created some stress on life 
but the extinction or at least the ‘last nail 
in the coffin’ was accomplished by a bol¬ 
ide impact. 

Though extinction can be caused by 
one or more of the mechanisms pro¬ 
posed, what is of interest for evolution 
of life is that after every such catastro¬ 
phe, the biodiversity increased signifi¬ 
cantly (Figure 1). The forces of survival 
became so strong that whosoever es¬ 
caped the catastrophic event diversified 
with redoubled vigour. This may have 
been accomplished by a close interac¬ 
tion with the environment which 
changed significantly due to the cata¬ 
strophic events. So the catastrophe, in 
effect, served as a blessing in disguise, 
giving rise to new life forms and special 
capabilities to survive under duress. 
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Oceanic methane hydrates: Untapped fossil-fuel reservoirs 


A. y. Sankaran 

Years ago, oil explorers had only a su¬ 
perficial idea about the existence of a 
solid form of natural gas known as 
methane hydrate, and much less, about 
its geological mode of occurrence. 
Prospectors came to know about its 
existence in the 1930s, their natural 
occurrence was first noticed in Siberian 
gas field in the 1960s and in other re¬ 
gions of oceanic and terrestrial envi¬ 
ronment, by the 1970s. Thanks to 
intensive explorations undertaken by 
oceanographers and oil geologists, dur¬ 
ing the last ten years, many occurrences 
around the world have come to light. 
Today, hydrate reserves are supposed to 
hold more fossil fuel energy than is 
present in conventional oil, gas and coal 
deposits. 

Methane (CH 4 ), the most common 
form of natural gas associated with pe¬ 
troleum deposits, is gaseous at room 
temperature and atmospheric pressure 
but under high pressure (>50 atmos¬ 
pheres) and low temperature (<7°C), it 
combines with water molecules to form 
an icy-white compound called methane 
hydrate H 4 . 5.75 H 2 O (also called meth¬ 
ane clathrate hydrate). In nature, such 
high pressure and low temperature 
conditions are prevalent in areas of 
permafrost (both offshore and onshore) 
and -30—2000 m beneath sea floors 
(300-500 m below sea-level), on the 
outer continental margins and shelves ’ , 
depending upon the surface temperature 
of the ocean in the region. While this 
forms the upper limit, the stable lower 
limit for the hydrates is controlled by 
the geothermal gradient. The latter in¬ 
creases with depth, where the hydrate 
becomes unstable, dissociates and ac¬ 
cumulates as free gas. According to 
K. A. Kvenvolden^’"^ of US Geological 
Survey, methane-to-water ratio is 1:6, in 
an ideally saturated compound, and its 
stability is governed by prevailing inter¬ 
relation among temperature, pressure 
and composition (presence of other 
gases and impurities in water). 

The origin of methane gas is not 
clearly known, though it is believed to 
be essentially due to microbial reduc¬ 
tion of carbon dioxide derived from 


organic matter that got buried along 
with sediments in many of the off-shore 
basins. This view is supported by mo¬ 
lecular composition of the hydrocarbon 
gases and isotopic (5^^C) composition 
of methane. Also, when such organic 
matter gets buried to greater depths and 
experiences higher temperatures in the 
range 80°-150°C, it gets transformed to 
gaseous hydrocarbon^ a thermogenic 
type. 

The conversion of methane to meth¬ 
ane hydrate is believed to take place 
during sedimentation within the hydrate 
stability zone; as the hydrate layer 
thickens and deepens, its bottom inevi¬ 
tably subsides into higher temperature 
zone where the hydrate becomes unsta¬ 
ble and dissociates into gas. Conversely, 
ascending pore fluids may supply gase¬ 
ous methane (believed to be mostly 
thermogenic) for hydrate formation, as 
they pass through hydrate stability re- 
gion^’’’^. These methane hydrates are 
believed to be the motherlode of hydro¬ 
carbon deposits and current estimates 
consider them vast enough to constitute 
the largest untapped natural gas reserves 
on Earth. The considerable amount of 
methane that can be contained within 
clathrate structures, combined with their 
vast geographical distribution in shal¬ 
low subsurface depths, often trapping 
reservoirs of free-gas below, are factors 
in favour of the economic exploitation 
of these gas hydrates. 

Marine sediments, thousands of me¬ 
ters under water, contain most of the 
known occurrences of methane hydrate 
and good deposits have been identified 
along the coasts of many countries 
(Table 1). In India, the east coast in 
particular, offers great potential for 
hydrate deposits in the Bay of Bengal, 
where gas has been struck along the 
Andhra Pradesh coastal margin. In 
Siberia, Alaska and Canada, they are 
known to occur below permanently fro¬ 
zen ice (permafrost). If gas hydrates 
have not been exploited so far, it is be¬ 
cause they decompose during recovery 
of the drill cores eluding evaluation, a 
prerequisite for any economic exploita¬ 
tion. Also, since they occur under high 


pressure, the risk of damaging drilling 
equipment while drilling through must 
have desisted petroleum explorers from 
hydrate-prospecting for a long time. 
Such hazards in drilling pressurized 
pockets were soon overcome by adopt¬ 
ing slow drilling under carefully con¬ 
trolled mud-weight and temperature"^. 
Further, the success of the International 
Ocean Drilling Programme (ODP) in 
safely drilling through pressurized 
pockets of hydrate fields, soon encour¬ 
aged systematic prospecting and devel¬ 
opment of techniques for hydrocarbon 
recovery to enable proper evaluation. A 
few countries have even ventured now 
to exploit their hydrate deposits by de¬ 
pressurizing and elevating their tem¬ 
perature by hot water circulation. 

Geophysical methods employed in 
identifying and delineating the hydrate 
deposits include wire line well logs in 
combination with seismic data, caliper, 
gamma ray, spontaneous potential, re¬ 
sistivity, neutron porosity and a widely 
employed acoustic technique whereby 
the undersea hydrate/gas phase transi¬ 
tion is demarcated by seismic reflec¬ 
tions. The latter boundary usually 
parallels the sea-floor bottom topogra¬ 
phy and hence this technique is referred 
to as bottom simulating reflector or 
BSR"^. Detection of deposits using BSR 
has been an established procedure dur¬ 
ing the early periods of prospecting, but 
this was felt inadequate for quantitative 
estimation, particularly in spotting de¬ 
posits within sediments which some¬ 
times lack a reflective layer. According 
to Ian R. MacDonald^ at the College of 
Geosciences, Texas A&M University, 
the pitfalls in mapping and estimating 
reserves may result from the following: 
(1) Difficulties in determing how much 
methane, free or as hydrate will produce 
the detectable reflection; (2) Hydrates 
brought up for study often dissociate 
and calculations of their concentrations 
prior to their dissociation is not easy; 
(3) BSR-like seismic signatures are also 
produced by sediments having no con¬ 
nection to hydrate; (4) Most BSRs are 
higher up than the theoretical depth ot 
phase boundary or in other words the 
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Tabfe 1, Gas hydrate locations (Source: ref. 4) 


Country 

Type 

Location 

USA 

Oceanic 

Gulf of Mexico, Blake Ridge premontory off SE 
coast, E^l River basin off California. Continental 
ridge off eastern coast. 

Canada 

Continental 

North slopes, off Alaska. 

Oceanic 

Beaufort Sea, Labrador Shelf, Sverdup Basin. 

USSR 

Continental 

Makenzie Delta, Arctic Islands. 

Oceanic 

Black Sea, Caspian Sea 

Norway 

Continental 

Timan-Pechora Province, NE & E Siberian 

Coast, Kamchatka. 

Oceanic 

Continental slope of western coast. 

Costa Rica 

Oceanic 

Nicaragua 

Oceanic 

Middle American Trench 

Guatemala 

Oceanic 

Mexico 

Oceanic 


Barbados 

Oceanic 

Barbados Ridge Complex 

Panama and Columbia 

Oceanic 

Pacific area off Panama, Colombian basin. 

Peru 

Oceanic 

Peru-Chile trench. 

Japan 

Oceanic 

Nankai trough. 

Australia 

Oceanic 

Timor trough. 

New Zealand 

Oceanic 

Hikurangi trough. 

Australia 

Oceanic 

Wilkes Land margin and Western Ross Sea. 

SW Africa 

Oceanic 

Continental slope of SW Africa. 

Oman 

Oceanic 

Makran margin, Gulf of Oman. 

India 

Oceanic 

Off east coast (Bay of Bengal). 


deposits could have formed deeper than 
where it is actually found, if they had 
migrated; (5) Calculations assuming 
uniform hydrate distribution over the 
entire area, may lead to unreliable esti¬ 
mation; also, methane contents in meth¬ 
ane hydrate are variable and controlled by 
clathrate geometry; for example, shallow 
reservoirs (<1.5 km below) carry more 
methane per unit volume than can be 
contained as free gas in the same spaced 
The ambiguities in estimation of hy¬ 
drate deposits by BSR technique are 
illustrated in one of the recent explora¬ 
tions undertaken in the Atlantic Ocean, 
350 km off the South Carolina coast of 
the United States along a submerged 
promontory called Blake Ridgel This is 
a sediment drift deposit on the continen¬ 
tal rise of North America. Steven Hol¬ 
brook and colleagues (Woodshole 
Oceanographic Institution, USA), using 
seismic reflection techniques (BSR) 
identified at depths of 2800 m below 


sea-ievel, a layer of gas hydrate and 
thicker layer of Ifee gas immediately 
below. Vertical seismic velocity data in 
a series of holes made at this site have 
revealed that hydrate fills up to 7 % of 
pore volume in hydrate layer and, free 
gas 1 % beneath^ and they estimated a 
reserve of 30 billion tons of methane 
hydrate over an area of 100,000 km^. 
However, Gerald Dickens‘S (formerly 
of University of Michigan) and his 
colleagues took direct measurements of 
sample using specially-developed pres¬ 
sure core sampler (PCS). This device 
can recover 1320 cc cylindrical sedi¬ 
ment at in situ pressure for later labora¬ 
tory study under controlled condition 
without disturbing the original concen¬ 
tration. They found that hydrate occu¬ 
pies much larger volume - up to 9 % 
and, gas 12% of pore volume. Their 
calculations for Blake Ridge deposit of 
hydrate and free gas spread over 
26,000 km^ gave a figure of 4.7 x 10 ‘^' g 


CH 4 which is about three times the ear¬ 
lier estimates by Holbrook et al}. 

During the last few years, surveys 
using bottom-simulating reflections 
have located a number of potential sites 
around the world and these new finds 
should swell the global estimate of gas 
hydrate and associated free gas re- 

q IA ^ 

sources" . While, indeed, these hydro¬ 
carbons appear to hold great promise as 
an alternate energy source, the techno¬ 
logical problems in their production at 
reasonable market price overcoming the 
geological hazards like the uncontrolled 
gas release or site subsidence may prove 
to be serious obstacles, at least for some 
time to come. In this connection, the 
present global concern to restrict release 
into atmosphere climate damaging 
‘green-house’ gases, like methane, is a 
serious aspect to be noted and future 
attempts to exploit the hydrate deposits 
should have suitable safeguards. 
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A 32-base numeral system 


With the ongoing expansion of technol¬ 
ogy, particularly in information and 
communication, there is increasing use 
of very large databases. Each member of 
a very large set is often identified by a 
number in Arabic/Hindu numeral system 
or an alphanumeric code. The identifier 
is unique in the sense that there is sup¬ 
posed to be at most one object for each 
identifier, and one and only one identi¬ 
fier for each object. The function of the 
identifier is to enable dealing with in¬ 
formation on the set of objects without 
ambiguity and with efficiency. Postal 
codes, vehicle registration numbers, 
student roll numbers in national exami¬ 
nations, identification numbers of li¬ 
brary books, passports, currency notes 
and share certificates are but a few ex¬ 
amples. When the number of members 
of the set increases beyond several mil¬ 
lion, the number of digits or characters, 
that have to be used, becomes suffi¬ 
ciently large for user-friendliness to 
become a serious concern. Larger the 
number of digits or symbols used for 
identification, less user-friendly is the 
system. An extreme case to illustrate the 
point is that of a very large Indian fi¬ 
nancial institution using numbers of 15 
digits for identification of its certifi¬ 
cates! Fortunately, ordinary people are 
not often required to use such formida¬ 
ble numbers. 

While codes based on alphanumeric 
characters have advantages of compact¬ 
ness, the efficiency of processing them 
is rather limited. Hexadecimal numbers 
used for identifying memory locations 
in a computer, unlike the above two 
types of choices, offer the advantages of 
compactness as well as efficiency in 
information processing. In the same 
spirit, a 32-base system is proposed here 
which seems to have advantages in fu¬ 
ture applications such as developing 
national databases for countries with 
populations of the order of a billion 
(e.g. for census) and, perhaps in the not- 
too-distant future, global databases. A 


number in the 32-base system would 
generally need two digits, where a 10- 
base system of numerals, that we ordi¬ 
narily use, would need three. If one 
considers a set of roughly a billion 
members, one has then the choice of 
using a nine-digit number in the usual 
system as against a six-digit number in 
the proposed system. Clearly, if these 
numbers are going to be frequently used 
by ordinary people, the second choice 
would make smaller demands on the 
human memory and, therefore, has 
greater promise of widespread accept¬ 
ability. 

The 32-base system 

The numerals, or the basic symbols rep¬ 
resenting numbers, in the proposed 
system consist of 10 Arabic/Hindu nu¬ 
merals and 22 letters of the English 
alphabet. They are given in Table 1 with 
equivalent numbers in the 10-base sys¬ 
tem. 

In this scheme, four letters of the al¬ 
phabet, namely, G, I, O, and S, have 
been excluded on the ground of their 
resemblance to the Arabic/Hindu nu¬ 
merals 6, 1, 0 and 5. 

This system could be viewed as a 
natural extension of the hexadecimal 
system, each symbol in the two systems 
corresponding to a binary number of 5 
and 4 digits respectively. This feature 
makes it very simple to transform a 
number in the present system to the 
equivalent binary number or to change 
the latter into the former. The use of 
increasing order of the Arabic/Hindu 
numerals combined with the alphabeti¬ 
cal order of the letters in the above 
scheme should facilitate manual sorting 
and searching of vast databases. 

Let ^0 denote an integer in 

the‘present system, where each digit 
is a numeral given in the Table 1 with 
the value p^. The value p of this integer 
in the 10-base system is then given by 


N 

p(aAr...a„...ao) = ^32"/>„. 

n=0 

Similarly, a floating point number is 
denoted by ^nd its 

value p is given by 

N 

n--M 

A few statements are given below to 
give a flavour of the new system. For 
the sake of clarity, the numbers in the 
new system are given below in bold 
italics so that they are not confused with 
those in the 10-base system, especially 
when the former has only Arabic/Hindu 
numerals. 

2A + J? = Z. 

= 34. 

1 KB of memory has exactly 100 bytes. 

The compactness of the above system 
is illustrated by two simple examples. If 
one wished to represent a date in the 
Gregorian calendar in a period of 1024 
years, starting, say, on 1 January 1501, 
one could use the convention dmyy or 
yymd, where d, m, and yy are numerals 
in the present system representing the 
date, the month, and the year minus 
1500. 15 August 1947 can then be rep¬ 
resented as F8DZ or DZ8F. The postal 
index number (PIN) 560 080 of the In¬ 
dian Academy of Sciences, Bangalore 
can be written in the present system as 
J2YH. 

It is not difficult to foresee potential 
applications of the new system (integers 
as well as floating point numbers) not 
only in computer programing, but also 
in other areas like encryption, high pre¬ 
cision computations, reporting of large 
exact numbers (e.g. large prime num¬ 
bers) high precision approximations 
(e.g. values of irrational numbers) in 
mathematical investigations and results 
of high-precision measurements (e.g. in 
geodesy and astronomy). 

Kirit S. Yajnik 

2/1 Bride Street, 

Langford Town, 

Bangalore 560 025, India 


Table 1. Numerals in the 32-base system and their values in the 10-base system 


Numeral 0 1 23 456789ABCDEF 

Value 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Numeral H J KLMNPQRTUVWXYZ 

Value 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
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Betel leaf extract can be both antiperoxidative and 
peroxidative in nature 


Piper betle Linn, of family Piperaceae is 
a perennial dioecious creeper, whose 
leaves are widely used as masticatory. 
They are claimed to be digestive stimu¬ 
lant and carminative*. These leaves are 
also attributed with some medicinal 
properties such as being antipoisonous, 
wound healing, antiseptic in diptheria, 
resolvant to glandular swellings, anti- 
spermatogenic and effective in bron¬ 
chial asthma^''\ We have attempted to 
evaluate its dose-dependent effects, 
hitherto uiiinvestigated on tissue lipid 
peroxidation (LPO). Siiperoxide dismu- 
tase (SOD) and catalase (CAT) activi¬ 
ties were also studied to correlate with 
the peroxidative changes, if any. 

Mysore variety of betel leaves were 
collected locally. The leaf extract was 
prepared according to the method of 
Prabhu et In brief, fresh betel 

leaves were taken, washed and known 
quantity was thoroughly ground to a 
paste in a mortar and then homogenized 
in a Potter-Elvehjem homogenizer and 
made up to a known volume. Four 
doses: A, 0.1 g/kg body wt; B, 0.4 g/kg 
body wt; C, 0.8 g/kg body wt and D, 
2 g/kg body wt were prepared in dis¬ 
tilled water for the treatment. 

Thirty five adult healthy colony-bred 
Swiss albino male mice weighing 
30 ±2 g were maintained in a constant 
temperature (27±rC and light 
14L:10D) controlled room with the 
provision of food (Hindustan Lever 
Ltd., India) and water ad libitum. Seven 
days after acclimatization, the mice 
were divided into five groups of seven 
each. Initial body wt of each animal was 
recorded. Group I received 0.1 ml/day 
of normal saline and served as control. 
Groups II, III, IV and V were treated 
with betel leaf extract, of 0.1 g, 0.4 g, 
0.8 g and 2.0 g/kg body wt/day respec¬ 
tively. The experiment was continued 
for 15 days. 

On the last day of the experimenta¬ 
tion, the final body weight of each ani¬ 
mal was taken. After exsanguination, 
the liver and kidney were removed 
quickly, washed with phosphate- 
buffered saline (PBS, pH 7.4). Liver 
was processed immediately for bio¬ 
chemical estimations. LPO was deter¬ 


mined by the reaction of TBA with 
malondi aldehyde (MDA), a product 
formed due to the peroxidation of lipids, 
following the method of Ohkawa et aL\ 
The amount of MDA formed was 
measured by taking the absorbance at 
532 nm using a Shimadzu UV-160A 
spectrophotometer. Hepatic SOD activ¬ 
ity was estimated by measuring the per¬ 
centage inhibition of the pyrogallol 
autoxidation by SOD according to the 
method of Marklund and Marklund**. 
One unit of SOD was defined as the 


enzyme activity that inhibits the autoxi¬ 
dation of pyrogallol by 50%. Catalase 
activity was estimated following the 
method of Aebi^ and was expressed as 
pM of H 2 O 2 decomposed per min per 
mg protein. The hepatic protein content 
was determined by the method of Lowry 
et al}. 

The results are summarized in Figures 
1-3. A significant increase in hepatic 
LPO (Figure 1) was observed in two 
higher-dosed groups. While no change 
was found in 0.4 g/kg treated group, it 



Figure 1. Effects of different doses (A, 0.1 g; B, 0.4 g; C, 0.8 g and D, 2.0 g/kg/day) of 
betel leaf extract for 15 days on hepatic and renal LPO (nM MDA formed/h/mg protein) in 

male mouse. P < 0.05; P < 0.01 and ***, P < 0.001 compared to the respective control 
values. 




Figure 2. Effects of different doses (A, 0.1 g; B, 0.4 g; C. 0.8 g and D, 2.0 g/kg/day) of betel 
leaf extract for 15 days on hepatic and renal activity of SOD (units/mg protein) in male 
mouse. ***, P < 0.001 compared to respective control value. 
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CONTROL A B C D 

Figure 3. Effects of different doses (A, 0.1 g; B, 0.4 g; C, 0.8 g and D, 2.0 g/kg/day) of betel 
leaf extract for 15 days on hepatic and renal activity of CAT (fimole of H 2 O 2 decom- 
posed/min/mg protein). P < 0.05, P < 0.01 and P < 0.001 compared to the respec¬ 

tive control values. 


was significantly low in 0.1 g/kg body 
wt dosed group. Almost parallel effects 
were observed in kidney homogenate. 
Hepatic SOD activity remained unal¬ 
tered in all the three treated groups ex¬ 
cept in kidney homogenate where a 
significant increase was observed only 
in lowest dosed group. While CAT ac¬ 
tivity was significantly increased in 
lowest dosed group, it was significantly 
decreased by the highest dose. Changes 
in body weight were not significantly 
different in any of the treated groups 
compared to that of control. 

From the results it is evident that, 
betel leaf extract exhibits dose- 
dependent actions. At low concentration 
it is antiperoxidative, whereas at higher 
concentrations it induces oxidative 
damage to biological membranes as 
indicated by the enhanced LPO in liver 
and kidney tissues, supported by a con¬ 
comitant decrease in tissue CAT activ¬ 
ity. The lowest dose (0.1 g/kg body wt) 
inhibited LPO both in liver and kidney 
tissues, indicating antiperoxidative/ 
protective effect of betel leaf extract. 
Similar to the present finding, the anti¬ 


peroxidative effect has also been re¬ 
ported in ashwagandha by us^^. Although 
extract of two other plants^^^*'^ are also 
known to be antiperoxidative in nature, 
dose-dependent differential effects were 
not found in these plants as presently 
observed in betel leaf extract. 

Lipid peroxidation is an oxidative 
deterioration of polyunsaturated fatty 
acids (PUFA) and is usually initiated by 
free radicalsMost of these radicals 
are destroyed by SOD. However, super¬ 
oxide anion (O 2 ”) reacts with water to 
form H 2 O 2 which in turn is responsible 
for the generation of hydroxyl radicals, 
OH that attack membrane fatty acids 
inducing LPO. CAT is believed to be 
the most effective defensive agent 
against high concentration of H 2 O 2 . 
Interestingly in the present study, higher 
concentration of the drug decreased and 
the lowest concentration increased the 
CAT activity, suggesting that dose de¬ 
pendent differential actions of the plant 
extract on LPO are probably CAT me¬ 
diated. 

Our findings, clearly suggest that ex¬ 
cess consumption of betel leaf may 


prove harmful to the body, while 
low amount could be beneficial. How¬ 
ever, further investigation(s) involving 
long-term experiments are required to 
reveal more interesting facts on this 
aspect. 
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Source dependent virulence of Vibrio harveyi against 
cultivable shrimps 


Shrimp culture in India is currently 
facing several hurdles including the 
luminous bacterial disease in the hatch¬ 
eries. The bacterial species har¬ 

veyi has been reported as the causative 


agent of the disease in shrimp hatcheries 
of various countries^■'^ including India^. 
However, differences in the virulence 
pattern between the isolates of V. har¬ 
veyi obtained from water and shrimps 


Table 1. Cumulative percentage mortality of juvenile P, indiciis and P, monodon injected 
intramuscularly with different doses of V. harveyi strain obtained from sea water 


Test 

animal 

Duration 

(h) 

Control 


Cumulative percentage mortality 



Bacterial dose (cfu/shrimp) 

10 

10^ 

10^ 

10^ 

10^ 

10*^ 

P. indicus 

12 

— 

- — 

_ 

5 

15 

20 

35 

P. monodon 


_ 

10 

10 

20 

30 

40 

50 

P. indicus 

24 

- 

- 

5 

5 

25 

30 

45 

P. monodon 



15 

20 

30 

45 

65 

80 

P. indicus 

36 

- 

5 

10 

10 

30 

40 

60 

P. monodon 


- 

20 

30 

45 

65 

90 

100 

P. indicus 

48 


5 

20 

25 

50 

55 

80 

P. monodon 


- 

30 

40 

60 

80 

100 


P. indicus 

60 

- 

5 

20 

35 

65 

80 

100 

P. monodon 


- 

35 

50 

75 

90 

_ 

_ 

P. indicus 

72 


10 

20 

50 

70 

95 

_ 

P. monodon 


- 

40 

65 

85 

100 

_ 

_ 

P. indicus 

84 


15 

30 

65 

90 

100 


P. monodon 


- 

40 

70 

95 

_ 



P. indicus 

96: 

_ 

20 

35 

70 

100 

_ 


P, monodon 


- 

45 

75 

100 

_ 

_ 



Table 2. Cumulative percentage mortality of juvenile P. indiciis and P. monodon injected 
intramuscularly with different dos es of V. harveyi strain obtained from haemolymph 

Cumulative percentage mortality 


Test 

animal 


P, indicus 
P. monodon 
P. indicus 
P, monodon 
P. indicus 
P. monodon 
P. indicus 
P. monodon 
P, indicus 
P, monodon 
P, indicus 
P. monodon 
P. indicus 
P. monodon 
P. indicus 
P. monodon 


Bacterial dose (cfu/shrimp) 


Duration 


(h) 

Control 

10 

10^ 

10^ 

10^ 

10^ 

12 

- 

10 

10 

20 

30 

40 


- 

10 

25 

45 

85 

100 

24 

- 

10 

20 

30 

45 

60 


“ 

20 

35 

30 

50 

_ 

36 

- 

20 

30 

45 

65 

90 



20 

40 

65 

100 

_ 

48 

- 

30 

45 

60 

80 

100 


~ 

35 

80 

100 


_ 

60 

- 

35 

50 

75 

90 

_ 


- 

50 

100 

- 



72 


40 

60 

85 

100 

_ 


- 

55 

- 


_ 

_ 

84 

- 

40 

70 

100 


_ 


- 

60 

- 

_ 



96 


45 

75 


_ 

_ 


~ 

70 


_ 


_ 


have not been reported. In the present 
communication, different levels of 
virulence in K harveyi isolated from the 
sea water off Mangalore and reisolated 
strain from the haemolymph of experi¬ 
mentally-infected shrimp are reported. 

The larvae of P. indicus and P. 
monodon (PL 10) obtained from hatch¬ 
eries (Deejay Hatcheries Pvt. Ltd., Hon- 
navar and Sumasri Hatcheries, Kulai) 
were reared in the laboratory in sea wa¬ 
ter recirculatory system up to juveniles. 
The size of the juveniles of P, indicus 
ranged between 4.9 cm and 5.4 cm, 
while the size of the juveniles of P. 
monodon ranged from 5.2 cm to 5.8 cm. 
For isolation of luminous bacteria from 
water and shrimp, SWC agar medium 
with 3 ml of glycerol per litre was 
used^. 

Sea water was collected from the 
Arabian Sea off Mangalore using sterile 
water sampler. Sea water was asepti- 
cally transferred to sterile 20 ml 
McCartney bottles and brought to the 
laboratory and 0.1 ml of water was in¬ 
oculated on precooled SWC agar plates 
incubated at room temperature 
(28 ± 2°C). After 36 h of incubation, the 
luminous colonies were randomly 
picked up in dark using sterile tooth¬ 
picks. For isolation of V. harveyi from 
haemolymph of shrimp (P. indicus), the 
animals were first exposed to V. han^eyi 
through immersion and the bacteria 
were re-isolated after 16 h of exposure. 
The isolates of V. harveyi obtained from 
sea water and reisolated from haemo¬ 
lymph were used for virulence study 
challenging against juveniles of 2 culti¬ 
vable shrimp species P. monodon and P, 
indicus in the laboratory. 

To test the virulence, 18 h old culture 
of V. harveyi isolated from sea water 
(SW) and haemolymph of P, indicus 
(HS) grown in sea water nutrient broth 
were resuspended in the sterile saline 
solution (salinity 20 ppt) and individual 
shrimps were injected intramuscularly 
(i.m.) in the second abdominal segment 
at 10, 10^ 10^ 10^ 10^ and 10*^ colony 
forming units (cfu)/shrimp. Ten juve¬ 
niles each of test shrimps were kept 
individually in troughs of 1 litre capac- 
i^containing 600 ml of sterile sea wa- 
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ter under constant aeration. The tests 
were performed in duplicate. The con¬ 
trol individuals were injected with ster¬ 
ile saline solution. Shrimp behaviour 
and mortalities were observed at the end 
of every 12 h for 96 h. 

In the present study, the sea water 
strain caused 100% mortality at the end 
of 48 h in P. monodon at 10^ cfu/shrimp; 
while 100% mortality in P. indicus was 
observed at the end of 84 h. However, 
the HS strain caused 100% mortality at 
the end of 48 h in P. monodon at 
10^ cfu/shrimp and at the end of 84 h in 
P. indicus (Tables 1 and 2). This indi¬ 
cates that the isolates from the shrimp 
source are highly pathogenic to shrimps 
compared to the isolates from sea water. 
Further, the study also shows that the ju¬ 
veniles of P. monodon are more suscepti¬ 
ble to V, harveyi than the juveniles of P. 


indicus. Hence, P. indicus appears to be 
the sturdier species for culture in India. 
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Nernst expression and Poisson’s equation: Are they 
consistent? 


V. S. Vaidhyanathan 


A paradox exists between the implications of Poisson’s equation and the demands of equilibrium 
Nernst expression in physical chemistry. Poisson equation relates the second derivative of electric 
potential profile in an inhomogeneous system, to local charge density. Local charge density is a 
function of concentrations of various ions, and can be expressed as proportional to concentration 
of a specified ion or electrolyte in the bulk homogeneous region, the proportionality coefficient 
being an yet unspecified function of position variable. Therefore, Poisson’s equation requires that 
the electric potential should be a linear function of concentrations. On the other hand, Nernst 
equilibrium expression states that electric potential should be independent of the absolute values 
of concentrations and is related to only ratio of concentrations. Since Poisson’s equation and 
Boltzmann distributions are fundamentally valid, it is imperative that this inconsistency existing 
between these two valid relations of physical chemistry is resolved. 


This paper is concerned with a fundamental question 
existing, in physical chemistry, which requires an an¬ 
swer. Poisson’s equation relates the differentials of the 
electric potential profile at a specified location in an 
inhomogeneous region, with the charge density at that 
location. Poisson’s equation is exact, and is valid for all 
states of the system. It is derivable from an equation of 
continuity* and is one relation relating three unknowns, 
namely (i) the electric potential profile, (ii) the dielec¬ 
tric profile and (in) the charge density profile. The 
electric potential at a specified location in the system 
aiises from contributions from all charged ions present 
in the system. The charge density at a specified location 
in the system, is the product of protonic charge and the 
algebraic sum of concentrations of all ionic species pre¬ 
sent at this location, weighted down by their signed va¬ 
lence charge numbers. The charge density is therefore, 
proportional to concentration of a specified ionic spe¬ 
cies in the homogeneous region, where such concentra¬ 
tions are independent of position variable. With the 
usual convenient assumption that the positional depend¬ 
ence of dielectric coefficient can be neglected, one may 
integrate the charge density profile, derivable from con¬ 
centration profiles, to obtain the electric field profile. 
One can also obtain the electric potential profile by a 
second integration with respect to position variable, 
over the extent of the inhomogeneous region, d. Such 
resultants will still be proportional to concentration of a 


V. S. Vaidhyanathan is in the Department of Biophysical Sciences, 
State University of New York at Buffalo, School of Medicine, Buf¬ 
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specified ionic species of the electrolyte in the bulk ho¬ 
mogeneous region (see note 1). 

On the other hand, the Nernst expression relates the 
difference in electric potential at two locations in the 
system, with the ratio of concentrations of a specified 
ionic species at these two locations. Therefore, Nernst 
or, Boltzmann kind of expression requires that the elec¬ 
tric potential is independent of the absolute value of 
concentration of a specified ion in the bulk homogene¬ 
ous region and is dependent only on the ratio of concen¬ 
trations. 

Boltzmann equilibrium distribution, from which the 
Nernst expression is obtained as an approximation, is 
valid exactly. This is because, concentrations represent 
probability, and probabilities are related to energies in 
an exponential manner. This is the basis of the famous 
Boltzmann law, S = klnW, where S denotes the entropy, 
W is probability and k is the Boltzmann constant. There¬ 
fore, so long as relation of the Nernst kind is valid for 
concentrated electrolyte solutions, the magnitude of the 
electric potential should not be proportional to concen¬ 
tration of a specified ion in the homogeneous region. 
Thus, there exists a paradox which needs to be resolved 
(see note 2). 

The contents of this paper and its conclusions are 
based on the validity of three fundamental (nearly) exact 
equations of physical chemistry and the conclusions de¬ 
rived from them: 

1. Poisson s equation states that the second derivative 
of the electric potential, O, can be expressed as product 
of a function of position variable and concentration C of 
the electrolyte in the homogeneous region. This depend- 
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ence on C, cannot and should not vanish upon integra¬ 
tion of the charge density profile of an inhomogeneous 
region, with respect to position variable x, over the fi¬ 
nite extent of the inhomogeneous region. Integration of 
the charge density profile will lead to the electric field 
profile. A second integration over the position variable 
of the resultant will yield the electric potential profile. 
The position variable x, is defined along a coordinate 
normal to the surface, say, containing a set of fixed 
charges. Therefore, the validity of the Poisson’s equa¬ 
tion requires that the electric potential at a specified 
location in the inhomogeneous region, should be pro¬ 
portional to the concentration C, of the electrolyte in the 
bulk homogeneous region. Since the integration is to be 
performed over the finite extent of the inhomogeneous 
region, the extent of the inhomogeneous region, d enters 
as a parameter. It is assumed that the inhomogeneous 
region is finite and extends, from x = 0 to x = d. There¬ 
fore, the first derivative of the electric potential profile, 
namely, the electric field will be proportional to d. 
Similarly, a second integration will result in a function 
proportional to d^. 

2. At equilibrium the Boltzmann distribution derivable 
from statistical mechanics is exactly valid. Since en¬ 
tropy is additive and probability is multiplicative, the 
relation between energy and concentration is logarith¬ 
mic, The Nernst expression, derivable from exact 
Boltzmann law, states that the electric potential should 
not be dependent on the absolute value of concentration 
but only on the ratio of concentrations. 

3. The third equation which is again exact, when 
positional dependence of dielectric coefficient in the 
inhomogeneous region, can be ignored, is the Maxwell’s 
Osmotic Balance equation, discussed in this paper later. 
Maxwell’s Osmotic Balance equation relates the electric 
field profile, <b'(x), with the profile, A(x), which repre¬ 
sents the sum of concentrations of all solute molecules 
in the system. This equation leads to the conclusion that 
electric field at a specified location should be propor¬ 
tional to square root of concentration, C of the electro¬ 
lyte. Maxwell’s Osmotic Balance equation also 
stipulates that the inhomogeneous region should be fi¬ 
nite in extent. These three conclusions are satisfied, (i) 
if the extent of the inhomogeneous region is finite and 
(ii) its magnitude varies inversely as the square root of 
electrolyte concentration in the homogeneous region. 
Knowledge of concentration profiles in the inhomoge¬ 
neous system enables one to evaluate the electric field at 
any arbitrarily chosen location in absolute terms. 
Equating this with the results obtained by integration of 
the charge density profile, enables one to evaluate the 
extent of the inhomogeneous region. These enable one 
to verify the contentions of this paper. These summarize 
the basic results of this paper. 

If the distribution of ions in the inhomogeneous region 
is determined by the presence of excess charges at one 
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location, and the extent of inhomogeneous region^ is fi¬ 
nite, then mass conservation equations should necessar¬ 
ily be satisfied. Accumulation of a certain kind of ions 
in some location should lead to depletion of such kind 
of ions, elsewhere. Therefore, concentration profiles of 
such ions in the interfacial region should exhibit ex¬ 
trema values. This implies that the charge density pro¬ 
file, which is the resultant of concentration profiles 
should also exhibit similar extrema values. Classical 
theory predicts only monotonic concentration profiles, 
though Kirkwood and Poirier^ have suggested the exis¬ 
tence of such stratification of layers of alternate charge 
density, in concentrated electrolyte solutions. If concen¬ 
tration profiles of ions in inhomogeneous region near a 
surface with one kind of fixed charges are monotonic, as 
classical theories predict, it is difficult to find the an¬ 
swer to the question, viz. What is the sign and magni¬ 
tude of charge density and electric potential at the 
surface? 

Considerations of the theory 

In an inhomogeneous region, containing n kinds of ions, 
under isothermal.equilibrium condition, there are (n + 2) 
unknowns, namely the concentration profiles of the n 
such ionic species, electric potential profile, 0(x), and 
the dielectric profile, fi(x). Due to lack of better infor¬ 
mation, one usually adopts the approximation that the 
positional dependence of dielectric profile may be ne¬ 
glected. To solve these problems, therefore, one needs 
(/z+ 1) simultaneous equations, which are independent, 
to obtain these (n+1) unknowns. Poisson’s equation 
gives the relationship between the potential and the 
charge density, p(x). Charge density can be expressed as 
proportional to concentration of a specified ionic spe¬ 
cies of the bulk homogeneous region, where concentra¬ 
tions are position independent, when the extent of 
inhomogeneous region is of finite extent, d. Therefore, it 
follows that the electric potential at a specified location 
in the inhomogeneous region is proportional to concen¬ 
tration of a specified ion in the homogeneous region. 

The basic starting point of the theory of strong elec¬ 
trolytes^ and diffuse double layer theory"^ has been the 
Poisson-Boltzmann equation, in its simple form. This 
equation is derived by the combination of the Boltz- 
mann-Nernst expression and Poisson’s equation result¬ 
ing in a single nonlinear differential eq. (5). By 
utilization of the convenient assumption that one may 
ignore the positional dependence of the dielectric coef¬ 
ficient, and that the concentrations of charged species in 
an inhomogeneous region can be expressed adequately 
by the Nernst distribution, one reduces this equation to 
one equation involving one unknown, namely the de¬ 
rivatives of the electric potential profile. In this paper, 
we do not discuss Poisson-Boltmann equation. Instead, 
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we concentrate on the implications of Poisson’s equa¬ 
tion and Nernst expression. 

The Poisson’s equation is expressed (in one dimen¬ 
sion) in the form, 

(d/dx){£(x)[d<I>/dx]} = Y(x) = -4 Tce^aZaCoix), (1) 

where 0(x) is the value of electric potential at location 
X, in the system. s(x) is the value of dielectric coeffi¬ 
cient at location x. x is a position variable normal to the 
y-z plane, along which the variation of various quanti¬ 
ties is considered. Q(x) is concentration of ionic species 
of kind (7, Z(j is its signed valence charge number and e 
is the protonic charge. The electric potential profile and 
the charge density profile are the resultant of the con¬ 
centration profiles of ionic species (see note 3). 

The Nernst expression, utilized in the derivation of 
Poisson-Boltzmann equation, for the distribution of ions 
in equilibrium state, is, 

Ca(x 2 ) = Q(xi) exp [{ZaeIkT) {0(xi) - <I>(X2)1], (2) 

where k is the Boltzmann constant and T is temperature 
in the Kelvin scale. 

The approximation involved in obtaining the Nernst 
expression, from Boltzmann equation, is that the ener¬ 
getic part of the free energy of ionic species is ascribed 
as only due to electrostatic part of the energy. Nernst 
expression is exactly valid, when the limiting expression 
for the chemical potential of an ion of kind <7, at lo¬ 
cation X, in solution, viz., 

^oix) = /^a®(7, p) + kT In Q(x) + Z^e^(x) (3) 

is valid. In eq. (3), p is pressure and p) is the 

chemical potential of ions of kind cr, in its standard 
state. The logarithmic dependence of chemical potential 
on concentrations comes from the statistical considera¬ 
tions of entropy of mixing of ideal solutions, in which 
the mole fraction has been replaced by concentrations 
when solute concentrations are small. The contribution 
to free energy of an ion, from an external potential, such 
as an electric field to a charged species is added to this 
mixing terms of ideal solutions, in an ud hoc phenome¬ 
nological manner (see note 4). 

An expression of considerable interest to the subject 
in question, is the Maxwell’s Osmotic Balance equation 
namely, 

[8jrA:7ya]{A(x3) - A(x 2)} = 0'(xi)^ - 0'(x2)^ 

A(x) — 

0'(x)= {dO/dx}. (4) 

A(x) denotes the sum of concentrations of all solute 
ionic species at location x in the system. <I>'(x) denotes 
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the value of the electric field at location x. A(x) is pro¬ 
portional to concentration C of a specified ion in the 
homogeneous region. Maxwell’s equation is valid ex¬ 
actly, if the limiting expression (3) for the chemical po¬ 
tential of an ion in solution is valid, and if the dielectric 
coefficient is independent of the position variable x. An 
important conclusion of Maxwell’s Osmotic Balance 
equation is that the electric field is proportional to 
square root of the concentration. 

Thus, we have three main conclusions: (i) Poisson’s 
equation demands that the second derivative of electric 
potential profile is proportional to local charge density, 
and therefore to concentration of a specified ion in the 
homogeneous region, (ii) that the Maxwell’s Osmotic 
Balance equation, which is exactly valid, if the limiting 
expression for the chemical potential of an ion is given 
by eq. (3), states that the electric field is proportional to 
square root of concentration of a specified ion in the 
homogeneous region, and (iii) that the Nernst expression 
requires that the electric potential is independent of ab¬ 
solute value of concentration of a specified ion in the 
homogeneous region. 

When one integrates the charge density profile to ob¬ 
tain the electric field profile, over the finite extent of the 
inhomogeneous region, as a definite integral, a result 
proportional to (C^/) will be obtained, where d is the 
extent of the inhomogeneous region, and C concentra¬ 
tion of a specified electrolyte in the homogeneous re¬ 
gion. A second integration leading to the electric 
potential profile will similarly yield a result proportion 
to {Cd ). Therefore, the basic requirement for the reso¬ 
lution of the inconsistency existing between the Pois¬ 
son’s equation and the Nernst expression is that the 
extent of the inhomogeneous region is finite and not 
infinite. The implication of this conclusion with refer¬ 
ence to our current concept of the theory of diffuse 
double layer is very significant. The appropriate bound¬ 
ary conditions that one must therefore utilize, are that 
the electric potential and its first and second derivatives 
vanish at finite distance from a surface containing field 
charges in the adjacent electrolyte. Both in the theory of 
strong electrolytes and in the Gouy-Chapman theory of 
diffuse double layer, it is usually assumed that the elec¬ 
tric potential and electric field vanish at infinite distance 
(see note 5). 

One must recall that the limiting expression (3), for 
the chemical potential of an ion in solution, is valid only 
for extremely dilute solutions. The presence of charges 
of one kind on a surface in contact with an electrolyte 
containing both kinds of ions, alters the distribution of 
ions in the adjacent electrolyte solution, by attraction of 
oppositely-charged ionic species to be in closer proxim¬ 
ity with the surface and repelling similarly-charged ions 
to be further away from the surface. In this manner, an 
inhomogeneous region with a charge density profile oc¬ 
curs in the interfacial phase. If the concentration of 
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localized charges on the surface is larger, one will ex¬ 
pect that more ions of unlike kind will be attracted to be 
in closer proximity to the surface. Such large accumula¬ 
tion of similarly-charged ionic species will, however, be 
expected to be resisted by the mutual repulsion between 
similarly-charged species to congregate in close prox¬ 
imity. Therefore, the local charge density will play a role in 
the distribution of ions in the inteifacial region. This can be 
expressed, at least approximately, by the modification of 
the simple Nernst expression’’^, in the manner 

Q(xi) = Coix2) exp[(Zae/kT)[F(x2) - F(xi)}], 

F(x) = <I>'(x) + [Hs/4ji]Y(x), 

Y{x) = Aue^JZaCaix). (5) 

The term exp[(Zoe///4jr/:T)y(x)] denotes the activity 
coefficient of ions of kind a, in the inhomogeneous re¬ 
gion, where dipole-ion electrostatic energy term contri¬ 
butions have been neglected. When one ignores the 
presence of the charge density term, Y(x) in F{x), one 
recovers the familiar Nernst expression. In eq. (5), H 
represents a molecular integral term and denotes the 
integral contribution of all ionic species to'the chemical 
potential of a specified ion arising from intermolecular 
interionic interactions. The derivation and justification 
of eq. (5) is presented elsewhere^ An important point to 
be noted is that the concentration distribution of charged 
species in the interfacial region is determined by the 
local charge density terms, F(x), in addition to the elec¬ 
tric potential terms, <E>(x) in the interfacial region, where 
electrolyte concentrations are not insignificant. 

Eq. (5) states that the Boltzmann kind of equation relat¬ 
ing the electric potential with the concentrations in a loga¬ 
rithmic manner is still valid for more concentrated 
solutions. Another important point that one should take into 
account, in analysing ion distributions in inhomogeneous 
interfacial region is that accumulation of one kind of spe¬ 
cies in any specified location in the interfacial region 
should lead to depletion of such kind of species elsewhere 
in the region, due to mass conservation conditions. There¬ 
fore, extrema points will exist in the concentration profiles 
of solute ionic species in the interfacial region. The mass 
balance equation condition can be written as 

d 

j Q(jc)dx = Ca{d)d, (6) 

0 

where C^jid) denotes the concentration of ions of kind a, 
in the homogeneous region and d is the magnitude of the 
extent of inhomogeneous region (see note 6). 

Results 

If what has been stated so far is reasonable and correct, 
one must conclude that the inconsistency existing be- 
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tween the implications of the Poisson’s equation and the 
Nernst expression should not exist. The numerical calcu¬ 
lations presented in this paper, for the chosen three ex¬ 
amples of systems, demonstrate the validity of our 
conclusions. I choose two examples of a univalent sym¬ 
metrical ion system (systems 1 and 2), and one example 
of an unsymmetrical 2-1 ion system, with divalent posi¬ 
tive ions (system 3). I assume in the first example 
(system 1), that a surface containing univalent negative 
charges with concentration (per unit volume) of five 
times the concentration of univalent negative charges in 
the bulk homogeneous region, is in contact with a 1-1 
electrolyte. In the second system, the surface is assumed 
to contain univalent negative charges with ten times the 
concentration of univalent negative ions, C, in the bulk 
homogeneous region. The third example I consider is a 
2-1 electrolyte system, with divalent positive ions, 
which has a surface containing univalent negative 
charges with five times the surface concentration, C (per 
unit volume) of univalent negative ions in the homoge¬ 
neous region. The stipulation of the concentration (per 
unit volume) of certain kind of ionic species at the sur¬ 
face and in the homogeneous region yields the values of 
the gradient of electric potential at the surface, in 
absolute terms apart from its sign, with the use of uni¬ 
versal constants and the Maxwell’s Osmotic Balance 
equation. 

For illustrative purposes, it is assumed in the follow¬ 
ing calculations that the dielectric coefficient £ equals 
80 and that the temperature equals 293.15 K. The values 
of universal constants utilized are: e = 4.80286 X 10“^° 
esu, and 6.02486 X 10^*^ per mole, and 

k = 1.38044 X 10~'^ ergs mole"V The knowledge that C“ 
(o) equals 5 C, and utilization of Nernst kind of equa¬ 
tions (3) or (5) yields the result that (7^(0) = 0.2 C. 
Therefore, for system (1), we have AA equals 3.2 C, 
where C is concentration of the 1-1 electrolyte in the 
homogeneous region. Thus, one obtains 

O'(o) = ± 495.082 (esu/cm^), when C = 0.01 (m/1), 

(I)'(o) = ± 1565.59 (esu/cm^), when C = 0.10 (m/1). 

For system 2, when C-(o) = 10 C, one obtains 

O'(o) = ± 787.6706 (esu/cm^), when C = 0.01 (m/1), 

O'(o) = ± 2490.833 (esu/cm^), when C = 0.10 (m/1). 

Similarly, for the unsymmetrical ion system (3), one 
obtains 

0 ^( 0 ) = ± 519.2463 (esu/cm^), when C = 0.01 (m/1), 

O'(o) = ± 1642.0012 (esu/cm^), when C = 0.10 (m/1). 

( 8 ) 
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In obtaining the results of eq. (8), I have utilized the 
identity that erg.cm equals (esu)^. The results of eq. (8) 
indicate that as concentration of charges on the surface 
is increased, the electric field at the surface increases, as 
one should expect. When concentration of electrolyte C 
in the bulk is increased ten fold, the electric field at the 
surface increases by a factor of square root of ten. 
Maxwell’s Osmotic Balance equation yields the value of 
electric field at the surface, without specifying its sign 
uniquely. However, the sign of electric field can be 
specified uniquely, from the integral of charge density 
profile, by stipulating that the concentrations of ions and 
the extent of inhomogeneous region, which are physical 
quantities, have positive definite values. 

Evidently, if one has the knowledge of concentration 
profiles of ionic species in the interfacial region, then 
one can compute the charge density profile, and an inte¬ 
gration of the charge density profile will yield the elec¬ 
tric field profile. The computed field profile will 
however, contain the unknown, d, namely the magnitude 
of the extent of the inhomogeneous region. Knowledge 
of the concentration of solute ionic species at the sur¬ 
face as well as in the bulk homogeneous region, will 
enable one to compute the value of sum of solute ion 
concentrations, viz. Aix), both at these two locations. 
Since the value of electric field at location d, <^'{d), can 
be assumed to equal zero, one knows the magnitude of 
the electric field at the surface, apart from its sign in 
absolute terms, from the knowledge of universal con¬ 
stants. Equating the two values of electric field obtained 
from the integration of charge density profile with the 
result of the Maxwell’s Osmotic Balance equation, 
yields the value of d. A second similar integration will 
lead to the evaluation of both the magnitude and the sign 
of the electric potential at the surface, assuming that the 
electric potential has null value in the bulk homogene¬ 
ous region. Thus, verification of what has been stated in 
the foregoing is possible, if one has knowledge of con¬ 
centration profiles of ions in the interfacial region. 

Assume that concentration profiles of positive ions, 
when a surface with excess of negative charges is iii 
contact with the simple electrolyte, can be expressed in 
a Taylor series. Assume in addition that the concentra¬ 
tion profile of positive ions can be adequately repre¬ 
sented by retainment of the leading five terms of such a 
Taylor series and that one can neglect of higher order 
terms with negligible error. The use of the three bound¬ 
ary conditions, viz. that the first and second derivatives 
of concentration profile vanish x = d, and that such 
ions obey the mass balance eq. (6), yields the ratio of 
any two of the leading five Taylor expansion coeffi¬ 
cients of the concentration profiles of ions in the inho- 
mogeneous region. 

The boundary conditions, to be utilized, for the 
evaluation of concentration profiles of positive ions of 
the system are: 
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{dC*‘(x)d,r}d = 0 = {d^C + (x)dx)^}d 

d 

J C+{jc)dx = CV, (9) 

0 

where C is concentration of univalent negative ions of 
the electrolyte in the bulk homogeneous region. Eq. (9) 
follows from the fact that in the homogeneous region, 
over a distance d, C^d represents the integral amount of 
ions of kind + present in this layer. This amount of 
ion is redistributed in the inhomogeneous region of ex¬ 
tent d. 

The concentration profile of positive ions is expressed 
in a truncated Taylor series, 

4 

1=0 

The ratios of the leading five Taylor coefficients are 
obtained as 

c+i = - m)c^4\ 

C+2 = (18/5)CH.4^/^ 

C^^ = -{W5)C^d, 

5C+4 = - (f'(o). (20) 

^Similarly, for a 2-1 ion system, when C~(o) = 5C~{d), 
C \o) equals 0.04 Cr{d) = 0.02 C^\d)). The concentra¬ 
tion profiles of the positive ions in the interfacial region 
are known. From the knowledge of the concentration 
profile of specified kind of positive ions, the concentra¬ 
tion profiles of all other ions present in the system can 
be computed, with the utilization of the equations, 

C\x)C-{x) = C\d)C-{d), 

{C^\x)IC^\m = [C-{d)IC-{o)}\ (11) 

These are the simplest concentration profiles of ions 
that one can assume to be valid in the interfacial region. 
Such resultant profiles are subject to the validity of the 
assumptions invoked about the boundary conditions and 
neglect of higher order terms. If better knowledge about 
the concentration profiles is available in future, then the 
calculations may be improved. However, Nature is sim¬ 
ple. The demonstration that the values of electric po¬ 
tentials obtained with these concentration profiles are 
indeed independent of absolute values of concentrations, 
as required by the Boltzmann—Nernst kind of equations 
^^SS^sts that the concentration profiles presented in this 
paper may have more general validity than one may ini¬ 
tially suspect. 
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An extremum in the concentration profiles occurs at 
location x = 0.4 d for all the three systems considered. 
At this location, the maximum accumulation of positive 
ions is about 1.17 times their concentrations in the ho¬ 
mogeneous region. In all three cases considered, the 
charge density equals zero at x = 0.2 d. Also the value 
of A(0.2 d) equals A{d), implying that an extremum in 
electric potential profile occurs at this location in the 
interfacial region. However, since the charge density 
also equals zero at this location, an inflection point of 
electric potential profile also occurs at the same loca¬ 
tion. (Since, inflection and extrema points occur at the 
same location, the existence of an extremum in electric 
potential profile in the interfacial region is no longer 
assured.) From the computed concentration profiles of 
cations and anions, one can calculate the charge density 
profile. The resulting charge density profile is fitted 
numerically into a finite polynomial of sixth order. 
These represent the leading seven Taylor coefficients of 
the charge density profiles. The results obtained for the 
three systems are presented in Table 1. The assumed 
values of boundary concentrations for system 1, that 
ya = 4.8C, imply that Yo equals 21.81756 x 10^ 
(esu/cm''), when C = 0.0l (m/1). The utilization of the 
values listed in Table 1, and integration, yields the result 
that 0'(r;) = h- 7.5349 (C/f:o) d, where Sq is the value of 
dielectric coefficient at x = 0, namely the surface. As¬ 
suming that Sq equals 80, one obtains 
cl>'(^';) = 13.5445 X 10^ d (esu/cm^) for system 1, Since 
both C and d are positive definite, the electric field at 
the surface is positive definite. Thus, for system (1), one 
obtains the results that d equals 36.551 x 10“^ cm when 
C equals I x lO”'"’ (moles/cm‘^), [C = 0.01 (m/1) and that 
d equals 11.585 x 10“^ cm, when C equals ten times 
larger, i.e. [C = 0.10 (m/l)]. The computed values of d 
for the three systems are listed in Table 2. 


Conclusions 

The value of the electric potential at the surface contain¬ 
ing an excess of negative charges can be obtained 
by twice integrating the resulting charge density pro¬ 
files, over the extent of the inhomogeneous interfacial 
region 

I 

For system 1, the values of Table 1, utilized yield that 
the electric potential at the surface should equal 

<D(o) = - 8.999146 x 10^ CcF, 

tI)(r/)=:0. (13) 


J T(x)Jj:|d)C 




( 12 ) 


Table 1. Computed values of the leading seven Taylor coefficients 
of charge density profiles for the three systems 



System 1 

System 2 

System 3 

YdC 

4.8 

9.9 

4.98 

Tirf/C 

-82.062 

-195.808 

-91.051 

Yid^/C 

603.063 

1,554.072 

694.298 

YidVC 

-2,370.409 

-6,204.841 

-2,739.029 

Y4d*/C 

4,991.961 

12,861.689 

5,663.593 

Ysd^/C 

-5,205.397 

-12,998.777 

-5,723.434 

Yf,d^’/C 

2,058.044 

4,973.764 

2,190.643 


Table 2. 

Computed values of various quantities 
terns 

for the three sys- 

Quantity 

System 1 System 2 

System 3 


ti(C = 0.01) 
d{C=0A0) 
0(o)[C = 0.01] 
cI>(o) [C = 0,10] 
F{o) 


36.551 A 
11.559 A 
-39.3194148 mV 
-39.319415 mV 
+40.9227 mV 


18.987 A 
6.004 A 

-48.544647 mV 
-48.547814 mV 
+58.54714 mV 


53.6775 A 
16.974 A 
-37.993833 mV 
-37.993844 mV 
+40.9227 mV 


I A = 1 X 10 ^cm. The values of electric potentials are exhibited 
with larger than required number of decimal places to emphasize the 
excellent agreement. 


Since both C and d are positive definite, eq. (13) implies 
that the electric potential at the surface should be nega¬ 
tive definite as it should be, when one recognizes that 
the concentration of charges at the surface is predomi¬ 
nantly negative. 

One obtains for the system 1, the values 

O(o) = -1.202264 x 10~^ (esu/cm) 

=: - 39.3194 millivolts, (14) 

when concentration of univalent symmetrical electrolyte 
C equals either 0.01 moles per 1 or ten times larger, viz. 
C = 0.1 moles per 1. In these calculations, I have utilized 
the conversion relation that 10 millivolts equal 
0.3313733 x 10''^ (esu/cm). I have demonstrated by 
these kind of calculations that the calculated values of 
electric potential at the surface are independent of the 
absolute values of concentrations of a specified ion in 
the homogeneous region, as required by the Boltzmann- 
Nernst kind of relations, while retaining at the same 
time, the validity of the Poisson’s equation that the sec¬ 
ond derivative of electric potential profile be propor¬ 
tional to concentration of a specified ion in the 
homogeneous region. 

The existing paradox has been solved in this paper, by 
the use of the three fundamental equations. In order to 
convince ourselves that this is not an accidental result, 
the calculations are repeated for all three systems and 
the results are presented in Table 2. In that table, the 
resultant values of electric potentials obtained are pre- 
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sented in larger number of digits than usually required 
to exhibit the excellent agreement obtained for all the 
three systems. The computed values of electric poten¬ 
tials are very sensitive to determined values of d. 

An interesting point that one may notice from the val¬ 
ues listed in Table 2, is that the value of d, the extent of 
inhomogeneous region for the 1-1 electrolyte system 1, 
when concentration of electrolyte is 0.01 moles/liter, 
equals 36.551 A. This value approximates very closely 
the value of ion atmosphere radius (l/zc) of the classical 
Debye-Huckel theory, which yields a value of 30.942 A, 
under similar conditions (see note 7). 

One of the basic requirements for the evaluation of d, 
the extent of the inhomogeneous interfacial region, as 
well as the resolution of the paradox mentioned, is that 
the extent of inhomogeneous region is finite and that 
both and the electric field, <^'{d) vanish dX x = d. 
Recall that the boundary conditions utilized in strong 
electrolyte theory and in Gouy-Chapman theory of 
double layer are that the electric potential and the elec¬ 
tric field vanish at infinite distance rather than at finite 
distance from a specified ion or surface in question. 
Though these are reasonable and valid boundary condi¬ 
tions, it should be remembered that no effect remains 
finite in magnitude up to infinite distance in the real 
world®. 

In summary, the main conclusions derived in this pa¬ 
per may be listed as follows: Both Poisson’s and Boltz¬ 
mann expressions are rigorously valid. These lead to 
what appears to be mutually contradictory conclusions 
regarding the dependence of electric potentials on con¬ 
centrations of ions in solution. This apparent inconsis¬ 
tency is resolved by resorting to considerations of the 
validity of Maxwell’s Osmotic Balance equation, which 
implies that the electric field is proportional to square 
root of ion concentrations. Both Nernst equation and 
Maxwell’s Osmotic Balance equation are valid exactly, 
if the limiting expression for chemical potential of ions 
in solution is valid, and positional dependence of dielec¬ 
tric coefficient is ignored. This approximation also en¬ 
ables one to evaluate the extent of the inhomogeneous 
interfacial region. Assumed validity of Maxwell’s Os¬ 
motic Balance equation enables one to evaluate the 
electric field in absolute terms using universal constants. 
The analysis presented in this paper reinforces the basic 
belief, that if a plane in the system contains an excess of 
negative charges, then the potential on this surface 
should be negative. An evaluation of contributions from 
ion—ion interaction energy to chemical potential is also 
presented. 
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Notes 

1. The statement that Poisson’s equation stipulates that the second 
derivative of electric potential, O", the electric field and the I 
electric potential are all proportional to concentration C of the 
electrolyte, or, concentration C„, of a specified ion a, in the ho- I 
mogeneous solution requires clarification. Poisson’s equation : 
gives the relationship between the electric potential and charge 
density. This is exhibited in eq. (1) of this paper. The validity of ] 

the statement is best seen for a system with a simple symmetrical i 

univalent ion system, in the inhomogeneous interfacial region. 

For a system with a 1-1 electrolyte system, eq. (1) can be written \ 

with the assumption of constant dielectric coefficient, s, for one - 

dimensional case as, 

£[d^O/dx^] = -4jreC {exp(-y) - exp(-i-y)}, 

since C^ix) = Cf(oo) exp(-y). | 

In this equation, y(x) = [e0{x)/kT] and x is a position variable ; 
normal to plane of an interface. Since C'^'Coo) = C"(oo) = c, the 
concentration of electrolyte in homogeneous region, it follows ; 

that the second derivative of electric potential at a specified loca- i 

tion in the inhomogeneous region is indeed proportional to con- | 

centration of either a specified ion or an electrolyte in the ; 

homogeneous region. This dependency of <I>(x) on C, cannot and J 

does not vanish upon integration, and hence the statement that ^ 

Poisson s equation implies proportionality between the electric I 

potential 0(x) and concentration C, of the electrolyte in the ho- j 

mogeneous region. Though very approximate, the solution for the I 

electric potential obtained by simple Debye—Huckel theory, where I 

^(x) is dependent on k^, where k. is the ion atmosphere parame- | 

ter, also supports our contention. When the inhomogeneous re- i 

gion contains an unsymmetrical electrolyte mixture, the f 

concentration of a specified ion, say cr, denoted by C„(x) at loca- 1 

tion X, in the inhomogeneous interfacial region can always be j 

stated as some fraction or multiple of concentration of same ion j 

C,j(d), in the bulk homogeneous solution. C„(d) again can be t 

stated as some fraction of C, where C is the concentration of 
electrolyte in the bulk homogeneous system. In the same manner, i 

one may consider the situation at an electrode/electrolyte inter- I 

face. At equilibrium, the charge on the electrode is proportional I 

to the number of electrons, or ions, present on the (metal) elec- j 

trode per unit area or per unit volume. The net charge residing on j 

the electrode, and resultant electric field resultant in the inhomo- j 

geneous region, is a function of concentration of electrons in this j 

case. Concentrations are particles per unit volume and have the | 

same dimensions as concentration of charges, which can be ex- 
pressed as the number of electrons per unit volume. Therefore, ^ 

the net charge on the electrode can also be expressed as product I 

of bulk electrolyte concentration times a proportionality constant. 
Therefore, it follows that the charge density at any arbitrary loca- | 
tion in the interfacial region can always be expressed as a product 
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of a yet unspecified function of position variable times C or C„{d) 
both of which are independent of position variable x. Therefore, 
the second derivative of electric potential can always be ex¬ 
pressed as some function of position variable times C. Hence the 
statement, that Poisson’s equation states that the electric potential 
at any specified location x, in the interfacial region is propor¬ 
tional to C or C„{d), where CM) denotes the concentration of 
specified kind of ion in the homogeneous region, is always valid. 

2, Concentrations denote probability of observing a particle in a 
small element of space. One obtains the ideal entropy of mixing, 
as well as the expression for the dependence of the chemical po¬ 
tential of a substance 7 , on composition of a mixture contain¬ 
ing noninteracting species as, 

m (T, p, Xj) = pI\T, p) + kT \nXj, 

where Xj is the mole fraction of species j in the mixture. T is 
temperature and p is pressure, k is Boltzmann constant. For sol¬ 
utes such as electrolytes, where solvent is present in excess, mole 
fractions can be replaced by concentrations. For charged species 
such as ions, the contribution from external field to partial molal 
free energy (chemical potential) of an ions of kind, o', is phe¬ 
nomenologically added in an ad hoc manner. One obtains in this 
manner, the limiting expression for the chemical potential of an 
ion in solution as 

pM P. X) = p) + kT In CM) + Z„e0ix), 

where is the charge present on an ion of kind a. 0 (.x) is the 
electric potential at location jc, in the inhomogeneous region, and 
CM) is its concentration at location .x. Since at equilibrium, the 
chemical potential of a species should be the same everywhere, 
equating the values of chemical potential at two distinct loca¬ 
tions, one obtains the basic Nernst expression (3), relating the 
difference in electric potential at these two locations with the ra¬ 
tio of concentrations of a specified ion at these two locations. 

3. This statement is best explained by the following argument. If 

CM) represents concentration of ions of kind r} at location x, 
while Cy denotes concentration of ions of kind I] the inhomoge¬ 
neous region, one may express CM) - represents 

the ratio of concentrations of ions of kind a and ions of kind ?/ in 
the bulk homogeneous region, (r^ = [C„/C^]), the right hand side 
of eq. ( 1 ) may be written, for example, for a three ion system, as 

-4 TteCi {Fi(x) -h r2F2ix) + r^F^ix)). 

Therefore, the charge density at location x, in the inhomogeneous 
region can always be expressed as proportional to concentration 
of a specified ion 1, Ci in the homogeneous region. An integra¬ 
tion of the second derivative of the electric potential profile, 
leading to electric field profile, will also be proportional to con¬ 
centration. An additional integration over the extent of inhomo¬ 
geneous region, resulting in the electric potential profile, will 
again lead to a result proportional to concentration of specified 
kind ions, C, in the homogeneous region. 

4. For concentrated electrolyte solutions, in order that equation of 
the kind ( 3 ) is valid, one replaces the concentration terms of 
eq. (3) by a term called the activity, of ions of kind O', in solu¬ 
tion. Activity is related to concentration by definition by the re¬ 
lation, 

where is called the activity coefficient. Both the definition of 
activity and activity coefficients are only phenomenological and 
are only fudge f^ictors, expressing our ignorance about the varia¬ 
tion of chemical potential of a specified species with composition 


of a solution. The dependence of chemical potential on concen¬ 
tration is one of the unsolved problems of physical chemistry, 
though it is claimed in the literature, that both Mayer-McMillan 
theory and Kirkwood-Buff theory of solutions have solutions to 
this problem. One should disagree with this claim, since both 
these theories are symmetrical in their dummy indices, denoting 
components of a mixture, while experimental observations of free 
energy of mixing of various solutions are invariably unsymmetri- 
cal. In concentrated electrolyte solutions also, when activities are 
utilized in place of concentrations, one still obtains Nernst kind 
of expressions, where the electric potential term is modified by a 
local charge density term, which is discussed later in this paper. 
Activity coefficient is the resultant due to interparticle interac¬ 
tions and is a correction term to the equilibrium expression for 
chemical potential. 

5. Eq. (4) may be derived as follows: The differential of eq. (3) 
yields 

{dCJdx] =-[iZMkT)CM)] {dO/dx} 

valid for all ions of the system. Summing over all ionic species 
present in the system, with the utilization of the Poisson’s equa¬ 
tion results in the expression, 

[AA{x)li\x) = [E/47r/cT](dO/dj:) {d^ct/cb^), 

ia which the assumption that the dielectric coefficient is inde- 
pendent of x has been inserted. Use of the identity, 

(d/d;c((d®)dA:)^} =2 {d^O/dc^J {d^t/dtc) 

and integration yields eq. (4). 

6 . One may conclude with much haste, that eq. ( 6 ) is not tenable for 
the following reasons. Since charge density profile consists of the 
algebraic sum of concentration profiles of ions, weighted by their 
signed valence charge numbers, and the sum of such integrals 
over the extent of the inhomogeneous region, over all the ionic 
species present in the system, will be zero, since the integral op¬ 
erator is a linear operator and therefore, will result in constant 
zero charge density profile and hence lead to constant zero elec¬ 
tric potential profile. The influence of an external electric field 
arising from the presence of a surface with charges is to separate 
charges of opposite signs, while electroneutrality conditions fa¬ 
cilitate charge unification. The balance between these two con¬ 
flicting tendencies results in the existence of the charge density 
profile of the inhomogeneous region. 

The validity of the Nernst-Boltzmann equation requires that 
when ions of certain kinds satisfy the mass balance conditions 
presented by eq. ( 6 ), there exists at least one kind of ionic species 
in a many-ion system, whose profile does not satisfy the mass 
conservation conditions. One should expect that the kind of 
charges that do not satisfy eq. ( 6 ) is the same kind of ions preseht 
in the surface. This is identical to the classic statement that inte¬ 
gral of the charge density profile over the extent of the inhomo¬ 
geneous interfacial region, equals the negative of the surface 
charge density (macroscopic electroneutrality condition). One 
may verify that if in a symmetrical univalent ion system, if con¬ 
centrations of positive ions and negative ions are respectively 
given by relations of the kind 

C^(x) = Cexp h/lx)], 

C“(x) = C exp [+/‘(x), 

then the integral 

Iq {C'*‘(x) ~ C“(x) dx, will not equal zero, 

for any reasonable function, /(x). (7) 
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Therefore, eq. (6) doe? not suggest constant, zero electric field or 
electric potential profile, as one may suspect due to the linear 
nature of the integral operator. The right hand side of eq. (7) will 
equal - (surface charge density). If the net charge density on the 
surface is negative in sign, eq. (6) will not be satisfied 
by the negative ions of a 1-1 electrolyte of the homogeneous re¬ 
gion. 

7. Though our conclusion that the extent of the inhomogeneous 
region, d, varies inversely as square root of electrolyte concentra¬ 
tions, C, is similar to the conclusion of Debye-Huckel theory that 
the ion atmosphere parameter, k, also varies as square root of 
electrolyte concentration, C, these two are not the same. Poisson- 
Boltzmann equation is a nonlinear differential equation, obtained 
by insertion of the Boltzmann distribution of concentrations in 
the Poisson’s equation, replacing in this manner, the charge 
density term, by the electric potential term, resulting in a single 


differential equation involving a single unknown, namely the 
electric potential cJ> and its derivatives. Expansion of the expo- i 

nential and retention of only the first nonvanishing terms, and i 

neglect of all higher order terms, results in a simple linear differ- ^ 
ential equation of the kind, 

{d^O/dx^} = 

where fc^ is proportional to concentration C. Thus, the conclusion 
that one obtains from the Deby-Huckel theory is an approxima¬ 
tion and bears no relevance to the conclusions obtained in this I 
paper regarding d. Although Debye-Huckel theory of strong 1 

electrolytes furnishes a strikingly satisfactory account of many of i: 

the properties of electrolyte solutions, it is based upon physical 
assumptions which, though plausible, are not in exact accord with \ 
the formal theory of statistical mechanics. i 
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Wait and see strategy for leaf miner control in 
rainfed groundnut 

S. A. Paranjpe and A. P. Gore 

We propose a methodology for analysis of rainfall data to develop a management strategy for a 
rainfed crop. As an illustration we discuss control of leaf miner in groundnut. The strategy de¬ 
rived from rainfall analysis saves about 10% and 6.5% of gross yield more than other simple 
strategies namely (i) never spray or (ii) always spray respectively. The recommended strategy is 
o wait for rams up to six days after onset of leaf miner attack and then spray if rains fail. 


Improvement in the productivity of rainfed agriculture 
is a major challenge for India today. Apart from the 
possibility of developing crop varieties better suited to 
rainfed conditions, it is also important to fine-tune man¬ 
agement strategies including choice of sowing date, pest 
control measures, disease prevention, etc. Our conten¬ 
tion is that detailed analysis of rainfall data can throw 
mote light on relative profitability of alternative strate¬ 
gies. Daily lainfall data available for about a century 
can be used to gauge the conditions most likely to occur. 
They usually determine the consequence of a specific 
action. This evaluation is necessarily based on a series 
of assumptions about crop growth, occurrence and de¬ 
velopment of pests, etc. The assumptions used herein 
are tentative and can readily be modified. That of course 
may change the conclusions reached. The attempt, how¬ 
ever, is to propose a heuristic methodology which can 
be applied no matter how the assumptions change. 

As an illustration of our methodology, we consider the 
pioblem of controlling leaf miner in groundnut. Leaf 
miner (Aproaerama modicella Dev.) is a major pest of 


The authors are from the Department of Statistics, University of 
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groundnut in southern and central India. It is capable of ] 

almost totally wiping out the crop which has a potential ^ 

yield of about 4 quintals per acre. The common measure 
to control this pest is to spray chloropyrephas at 2 ml/1 
using 250 1/acre. For the purpose of illustration we use 
market prices of 1995 given by Gadgil et cil?. At these 
rates the gross income per acre is Rs 4000 and cost of 
pesticide spray is Rs 750 per acre. The pesticide is ;; 
sprayed on observing the occurrence of attack. If a wet j 
spell occurs, the attack is controlled naturally. - 

Two simple strategies that can be practised are (i) ignore i 
the occurrence or otherwise of the pest attack and never 
spray the pesticide and (ii) spray the pesticide as soon as 
attack is noticed. We introduce a third ‘wait and see’ strat¬ 
egy according to which a farmer waits for six days after 
noticing the attack and sprays the pesticide only if rains 
adequate for controlling the pest fail to occur till then. 

Assumptions 

Farmers sow groundnut during July to August as soon as 
the fields receive adequate presowing rains (0.5 cm in 7 
days). Starting from sowing date, leaf miner occurs 
during plant age 35 to 75 days (peg formation phase) if 
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there is a dry spell of 2 weeks in this phase. Once the 
attack occurs and conditions remain favourable, the pest 
grows exponentially and can completely wipe out the 
crop in 15 days. Thus the loss due to leaf miner can be 
expressed as exp(0.33 j)% of gross yield, where j is the 
number of days for which the pest gets a free hand 
(neither is any pesticide sprayed nor does a wet spell, 

i.e. 1 cm rain in 3 days, inhibit its growth). If there is a 
wet spell, the pest population is fully suppressed. We 
note that hard scientific data about biology of A. 
modicella is scantyand hence assumptions are essen¬ 
tially based on the opinions of informed practitioners. 

Rainfall pattern 

We have used daily rainfall data for Chitradurg in Kar¬ 
nataka for 84 years to evaluate the proposed strategy. In 
each year a sowing date was identified as the dry day 
following a presowing rain, namely, half centimeter in 7 
days during July 4 to August 4. Occurrence of a dry 
spell during the crop age 35 to 75 days was then 
checked. It turned out that a dry spell suitable for leaf 
miner attack had occurred in 58 out of 81 years in which 
sowing rains had occurred in time (i.e. before 4 August). 
The key question was how frequently and how soon 
adequate corrective rains occurred. Table 1 gives the 
frequency of occurrence of corrective rains. A geometric 
distribution which assigns probability pq^~^ for occur¬ 
rence of corrective rains j days after the attack fits these 
data well ( p (estimate of p, the probability of rain on a 
day, during this period) = 0.14), (9 d.f.) = 12.50, (p- 

value>0.05). 

Since the period of peg formation in which leaf miner at¬ 
tack can come is as wide as 40 days, the event of attack can 
be classified as early (first fifteen days are a dry spell) or 
late (any time after that). Table 2 relates this classification 
of pest attack to occurrence of corrective showers. 

Prima facie, an early attack has a lower chance of being 
washed out by rains (5/18 = 28%) than a late attack 
(23/40 = 58%). Thus it seems prudent to wait for a shower 
if pest attack is late while an early attack may need pesti¬ 
cide spray. 

Alternative strategies 


Table 1. Distribution of number of days 
between leaf miner attack and corrective rains 


No. of days 

No. of years 

Observed Expected 

1 

15 

8.12 

2 

2 

6.98 

3 

5 

6.01 

4 

4 

5.16 

5 

6 

4.44 

6 

2 

3.82 

7 

2 

3.29 

8 

1 

5.25 

9 

4 


10 

1 ^ 

1 

11 

2 

5.43 

12 

2 . 

1 

13 

1 ' 


14 

1 

3.46 

15 

2 


16-40 

8 

6.04 


Table 2, Time of attack and corrective rains 


Time of 
attack 

Early shower 
(within 
a week) 

Late shower 
(after 
a week) 

Shower 

after 

2 weeks 


< 16 days 

5 

12 

1 

18 

> 17 days 

23 

6 

11 

40 

Total 

28 

18 

12 

58 


Cost benefit analysis of 4 strategies 

As stated earlier, we assume a loss function 
L{j) = exp(0.33 j), where L{j) is the per cent crop lost up 
to j days after pest attack. This is motivated by the as¬ 
sumption of exponential growth of the pest and nearly 
total wipe out of the crop in fifteen days. L(j) is about 
100% at; = 15 and beyond. 

Consider strategy 1. If corrective rains occur on jih 
day (probability Pj-pq^~^), the loss suffered is L(j). 
Hence average loss is 


14 


M 


r 

1 - 

V 



* 100 , 


We propose to compare the four strategies implicit in 

the discussion so far by reanalysing daily rainfall data. 

The strategies are: 

1. Ignore leaf miner attack, take no pest control meas¬ 
ure. 

2. Spray pesticide as soon as pest attack is noticed. 

3. Spray pesticide if pest attack is ‘early’ while take no 
action if attack is ‘late’. 

4. Wait for 6 days regardless of time of attack. If no 
corrective shower comes, then spray the’pesticide. 


where 1 - 2^"^! is the probability that pest will get a 
free hand for 15 days or more. This value turns out to be 
22.78% using estimated p = 0.14. thus the expected net 
crop yield is 11.11%. Alternatively we can scrutinize 
daily rainfall data directly to calculate the loss for each 
year. The average loss over 58 years of pest attack is 
26.98%. The net yield is 73.02% . 

For strategy 2, the pesticide cost is constant 
(750/4000 = 18.75%) and crop is always saved from 
pest attack so that the net yield is 100-18.75 = 81.25%. 
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In case of strategy 3, the expected net gain is (100- 
18.75) * Probability that attack is early +(100- 
22.78) * Probability that attack is late. We substitute 
observed proportions of years of early attack (18/58) 
and late attack (40/58) to get the net expected yield to 
be 78.32%. 

Strategy 4 combines two aspects of the problem, 
namely that (i) the probability of corrective shower de¬ 
clines as time elapses, (ii) loss due to pest attack is 
modest during initial period but explodes afterwards. 
Hence waiting for rains for sometime is likely to be 
beneficial as the loss of crop to pest may be small com¬ 
pared to cost of spray. Corrective rains occurred in 34 
years out of 58, within 6 days after attack. This 
prompted us to propose a ‘wait and see’ period of 6 
days. Here the net expected income is 

6 

^(100-L,)Pj.+(100-(I^+18.75)) 

7=1 

which comes out to be 87.69%. If instead yearly rainfall 
is scrutinized, the figure we get is 90.21%. Table 3 
summarizes these results. 

Thus the cost benefit analysis suggests that ‘wait and 
see’ is the best strategy of the four. It saves 10.47% over 
strategy 1 of not spraying at all and 6.44% over the 
strategy 2 of always spraying. These figures are 
based on the geometric model. Corresponding figures 
based on actual yearly rainfall data are 17.19% and 
8.96% respectively. Also strategy 4 turns out to be bet¬ 
ter than strategy 3 which uses information on time of 
attack. 

One point to note here is that strategy 4 is better than 
strategy 2 in net expected gain. But it also has a vari¬ 
ance. It can occasionally lead to lower net gain than 
strategy 2. Risk of this event is P (net gain under strat¬ 
egy 4 < net gain under strategy 2) = 0.4046. 

Thus the strategy has two features, the net expected 
gain and the probability of gain below strategy 2. One 
may ask the question as to whether waiting for 6 days is 
the best choice or an alternative waiting period may be 
better. Table 4 provides comparison between strategies 
2 and 4 with different waiting periods. 

It can be seen from Table 4 that if we consider only 
the net expected gain, waiting for 6 days is the best 

Tabic 3. Comparison of four strategies (Chitradurga) 


Net expected income using 
Geometric model for Average from 

Strategy corrective rains (%) yearly data (%) 


No spray 

77.22 

73.02 

Immediate spray 

81.25 

81.25 

Decide on time 

78.47 

78.47 

of attack 



Spray after waiting 

87.69 

90.21 

for 6 days 





Table 4. Comparison of alternative waiting periods 


Waiting time 

K days 

Chitradurga 

Pic Gk 

Ananthpur 

A? Gk 

1 

0.8600 

82.49 

0.9100 

81.55 

2 

0.7396 

82.29 

0.8681 

82.60 

3 

0.6361 

85.69 

0.7536 

83.39 

4 

0,5470 

86.71 

0.6857 

83.89 

5 

0.4704 

87.37 

0.6240 

84.08 

6 

0.4046 

87.69 

0.5679 

83.92 

7 

0.3479 

87.65 

0.5168 

83.33 

8 

0.2992 

87.26 

0.4703 

82.27 

9 

0.2573 

86.50 

0.4279 

80.63 

10 

0.2213 

85.32 

0.3894 

78.28 

11 

0.1903 

83.71 

0.3544 

75.06 

12 

0.1637 

81.59 

0.3225 

70.78 

13 

0.1408 

78.90 

0.2935 

65.18 

14 

0.1211 

75.55 

0.2670 

57.94 


Pk : Probability that gain under strategy of waiting for K days less 
than gain under strategy 2. 

Gk'- Net expected gain of strategy ‘wait for K days’. 


choice. However, the question of which of the pair of j 
characteristics is the best is not easy to answer. Some 1 
farmers may prefer to wait longer because the reduction 
in net expected gain is marginal while reduction in risk 
Af is substantial. 

Typically as income and land holding declines, the 
farmer becomes more and more a risk averter. At what 
level of land holding will the risk (and hence strategy 4) 
become unacceptable is an important question and de¬ 
serves investigation. | 

I 

I 

How general is this strategy? 

I 

A question that immediately comes to mind is whether i 

the wait and see strategy that seems to be quite good | 

will work at other locations as well. To 'probe this aspect j 

we have examined the rainfall data at another site | 

namely Ananthpur in Andhra Pradesh. j 

Daily rainfall data were available for 80 years namely I 
1911 to 1990. Out of these 80 years, for three years the | 

data were inadequate while for five other years, sowing \ 

rains were too late and no crop was possible. Of the re- | 

maining 72 years, 52 years were suitable for occurrence 
of leaf miner attack. Washing rains occurred in the first 
six days in 16 years. The attack was early in 25 years j 

and late in the remaning 27 years. The number of days I 

after which washing rains came followed a geometric j 

distribution, as in case of Chitradurga, The main differ- i 

ence was that the probability of precipitation on a given j 
day after the pest attack was p = 0.09 as opposed to 
p = 0.14 for Chitradurga. Thus for the period of interest, ^ 
Ananthpur seems drier than Chitradurga. A natural con¬ 
sequence is that the number of years in which washing 
rains obviated the need for pesticide spray is 16 as op¬ 
posed to 34 in case of Chitradurga. Therefore the net 
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Table 5. Comparison of four strategies (Ananthpur) 



Net expected income using 


Geometric model for 

Average from 

Strategy 

corrective rains (%) 

yearly data (%) 

No spray 

60.07 

52.96 

Immediate spray 

81.25 

81.25 

Decide on time 

70.00 

70.00 

of attack 



Spray after waiting 

83.91 

80.75 

for 6 days 




saving due to the wait and see strategy is also smaller. 
The summary of results is given in Table 5. 

It can be seen that the wait and see strategy continues 
to be the best. However, the margin over the ‘always 
spray’ strategy is reduced to about 2.7%. Of course the 
advantage that for 16 years pesticide spray is avoided is 
still there. Another difference is that the expected net 
gain is slightly higher for waiting period of 5 days. This 
suggests that while waiting itself may be useful in many 
localities, the optimal period may have to be calculated 
separately for each locality. 

Discussion 

The calculations above are based on an assumed expo¬ 
nential loss function. This expert opinion may need 
validation. Further, all assumptions about the crop 
growth made for Chitradurga are assumed to be appli¬ 
cable to Ananthpur, without any modifications. This 
also can be changed if warranted. Most importantly, the 
wait and see strategy reduces use of pesticides harmful 
to environment. Gadgil et al? have shown how clima¬ 


tological information and meteorological forecasts can 
be used in management of rainfed groundnut. They have 
argued that optimum strategy to combat pests and dis¬ 
eases can depend upon the reliability of forecast. The 
strategy presented here does not depend upon rain fore¬ 
cast for the period following pest attack and in this 
sense the question of reliability of forecast does not ap¬ 
ply here. The strategy which performs well at both the 
localities studied, is based on climatological information 
that in many years corrective rains do come following 
pest attack and the loss due to pest in this period is af¬ 
fordable. wSuch a strategy will not be available when 
preventive measure in anticipation is necessary as in 
case of the fungal disease tikka. 

We note that optimality claim here is based on ex¬ 
pected net gain (as in case of Gadgil et alJ) and vari¬ 
ance of this net gain is not used explicitly. Further work 
on this aspect is necessary. 

The possibility of developing pest and disease man¬ 
agement strategies such as the ‘wait and see’ proposed 
here deserves to be explored for other crops, varieties 
and localities. 
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Unforgettable Raman"^ 


Mitsuo Ito 

Institute for Molecular Science, Myodaiji, Okazaki 444, Japan 

C. V. Raman is one of the greatest scientists produced in 
India. His discovery of the Raman effect in 1928 was a 
revolution in modern science. His contribution and in¬ 
fluence on mankind and our society are still obvious. On 
the other hand, Sanichiro Mizushima was a great scien¬ 
tist from Japan. He is famous for his work on rotational 
isomerism and internal rotation of molecules. He dis¬ 
covered for the first time, the existence of two rotational 
isomers, trans and gauche forms, for 1,2- 
dichloroethane. This work was the beginning of modern 
structural chemistry and spectroscopy in Japan. It is 
noteworthy that the concept of rotational isomerism 
was established in 1936 by application of Raman 
spectrocopy’. In this sense, the two great men, Raman 
and Mizushima, had a very close connection. Since 
then, ties between India and Japan in tHe field of 
molecular science were greatly strengthened and now we 
are enjoying very good relations between the two 
countries. 

I have not known either Raman or Mizushima per¬ 
sonally. However, I always feel a strong bond with 
them. My scientific career started from the Raman ex¬ 
periment. I was also involved in rotational isomerism 
and internal rotation problems in my later work. In the 
first Mizushima—Raman Lecture, I spoke about my old 
work, somewhat related to the work of Raman and Mi¬ 
zushima. This manuscript is based on my talk there. 
However, only the part about Raman is reproduced here 
and the part related to Mizushima is omitted. 

My first encounter with Raman effect was in 1950, 
almost fifty years ago, when I was a university student. 
One of the subjects of student laboratory experiments 
was Raman spectrum of liquid carbon tetrachloride. At 
that time, the light source was a low pressure mercury 
lamp and the atomic line of mercury at 435.8 nm 
was used for Raman excitation. The Raman spectrum 
was taken photographically with a very simple prism 
spectrograph as shown in Figure 1. The spectro¬ 
graph shown in the figure is the one used by Raman in 
his early work and it is now preserved in the Indian As¬ 
sociation for the Cultivation of Science in Calcutta. At 
least one hour exposure time was necessary even if a 


*Based on a talk given by the author at the Asian Academy Seminar 
on Supramoleciilar Organization held at Bangalore during 8-13 De¬ 
cember 1997. This talk was arranged as the first Miziishima-Raman 
Lecture by the Indo-Japan Science Council. 
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high sensitive photographic plate was used. One year 
later, I graduated from the university and was appointed 
an assistant in the chemistry department. One of my du¬ 
ties was to take care of students doing the Raman ex¬ 
periment. I taught them how to take the Raman 
spectrum, especially how to install a photographic plate 
into a plate cassette in a dark room. An important part is 
to identify the photosensitive emulsion side of the plate 
using a finger under complete darkness. This side must 
be exposed to Raman scattering light. One day, a group 
of students carried out their Raman experiment under 
my direction. After the experiment, they showed me a 
completely black plate. I ordered them to repeat the ex¬ 
periment thinking they must have gone wrong. Then, 
again, a black plate resulted. I thought that the photo¬ 
graphic plate I gave them was so old that it was already 
exposed to light. So I gave them a fresh new plate, with 
which they repeated the experiment. Again a black plate 
was obtained. I carefully checked their experimental 
procedures. There was no mistake. Finally, I asked them 
how they installed the photographic plate in the dark 
room. They said that they correctly installed the plate on 
the cassette after confirming the emulsion side by finger, 
‘Are you sure?’ I asked. Then, one of the students said, 
'Because you repeatedly advised us to confirm the 
emulsion side, after confirming the side by finger, we also 
confirmed it by eye by turning on the room light!’ This is a 
real story. They were really lovely students. Later, some of 
them became university professors in chemistry. 

The laser was invented in 1960 and was thought to be 
an ideal source of light for Raman spectroscopy. How¬ 
ever, we had to wait for several years until a laser of 
practical use became available. In 1966, I saw for the 
first time a hand-made argon laser in the laboratory of a 
Japanese electronics company. I requested the company 
to give it for use in the Raman experiment. As a test, I 
observed the Raman spectrum of liquid carbon tetra¬ 
chloride by using the 514.5 nm Ar lasing line as an 
exciting source. When observing the Raman spectrum 
dispersed by a prism spectrograph, I had a great sur¬ 
prise. There, I saw with my naked eye, in bright colours 
the Raman spectrum of carbon tetrachloride as shown in 
Figure 2, It was my belief that Raman lines could never 
be seen by the naked eye and that they could be observed 
only by accumulating the light energy on a photographic 
plate for a long time. So, the bright Raman lines were a 
great shock and a great revelation for me. Since 
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Figure 1. The prism spectrograph used by Raman in his early work. 



then, I became crazy about laser Raman spectroscopy, 
and spent almost all my time doing the Raman experi¬ 
ment for about two years. At that time, I was an Assis¬ 
tant Professor of Tokyo University and a part of the 
laboratory of S. Nagakura who is practically a founder 
of this lectureship together with C. N. R. Rao. I escaped 
from all duties in Tokyo University where I draw my 
salary. I appreciate very much the tolerance of Na¬ 
gakura, which allowed me to concentrate on the laser 
Raman experiment. 

One of the achievements at that time was the study of 
polarized Raman spectra of organic single crystals. La¬ 
sers have many excellent characteristics such as good 
monochromaticity, well-defined beam direction and high 


4880A(Ar^) 



100 0 100cm 


Figure 3. Polarized Raman spectra of naphthalene single crystal. 


intensity. In addition, laser light has excellent polariza¬ 
tion. By using these polarization characteristics, a new 
type of Raman experiment became possible. Figure 3 
shows the polarized Raman spectra of a single crystal of 
naphthalene obtained photographically^. The center line 
is the Rayleigh line of the Ar laser at 488.0 nm. The 
observed low-frequency Raman lines appearing on both 
sides of the Rayleigh line are Stokes and anti-Stokes 
Raman lines due to the lattice vibrations of the mole¬ 
cules in the crystal. Each of the six polarized spectra in 
Figure 3 was obtained by exciting the single crystal with 
Ar laser light polarized along a particular crystal axis 
and observing Raman scattered light polarized along one 
of the crystal axes. For example, the spectrum (ab) in 
Figure 3 was obtained by exciting the single crystal with 
laser light polarized along the a axis of the crystal and 
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then observing the scattered light polarized along the 
b axis. Thei'efore, the six spectra correspond to the six 
components of the Raman polarizability tensor of the 
single crystal. As seen from the figure, the Raman in¬ 
tensities of the lattice vibrations dramatically change by 
change of the polarization. From the observed polariza¬ 
tion patterns, the individual Raman lines were uniquely 
assigned to the particular vibrational lattice modes. In 
this way, the complicated motion of the molecule in the 
crystal was elucidated in detail. It was also shown that 
the polarized Raman is very powerful in determining 
crystal structures. 

This is only one example. Such new experiments be¬ 
came feasible by laser Raman and many new possibili¬ 
ties were opened. Then, the 1970s became a golden time 
of laser Raman called the Raman Renaissance. It was a 
pity that Raman passed away in 1970 when the Raman 
Renaissance had just started. He was 82 years old. 

Since my first encounter with the Raman effect, I have 
always been puzzled about the mechanism of Raman 
scattering. According to Bohr’s principle, light is emit¬ 
ted from a molecule when the molecule in an excited 
level undergoes a transition to a lower level. However, 
in the Raman effect, a molecule is not transformed to an 
excited level, because usually we have no level at the 
place reached by exciting light. Nevertheless, Raman 
scattered light is emitted as if such a level, existed. The 
Raman effect is thus a strange phenomenon. 

According to text-books, Raman effect is a phenome¬ 
non of interaction between a molecule and light ex¬ 
plained by the second order perturbation theory. The 
theory shows that intensity of a Raman line due to the 
transition from g state to /state of a molecule (usually g 
and / states are the zero-point level and a vibrational 
level, respectively, of the electronic ground state of a 
molecule) is given by 


where m is an excited state of the molecule (practically 
an electronic excited state of the molecule), {g\r\m) is 
the transition moment between g and m states and 
(mlrl/) is the transition moment between m and/states. 
To have Raman intensity, the matrix elements should be 
simultaneously non-zero. We need such an electronic 
excited state from which transition is allowed to both g 
and/states. is the energy of m state, is the en¬ 
ergy of exciting light. The Raman intensity is a sum of 
contributions of all possible m states, that is, all possible 
electronic excited states. Therefore, the mechanism of 
Raman scattering is very complicated. However, when 
we can select the exciting light whose energy is very 
close to a particular m state, a term associated with this 
particular m state becomes dominant because the de¬ 


nominator of this term becomes very small. The Raman 
spectrum observed under such a condition is called 
Resonance Raman. 

In the 1970s, laser technology showed great progress 
and lasers of various lasing frequencies became avail¬ 
able. As a result, it became possible to carry out reso¬ 
nance Raman experiment for many molecules. In 1972, 
we carried out resonance Raman experiment for 
pyrazine (C 6 H 4 N 2 ) (refs 3, 4). The electronic absorption 
spectrum of pyrazine vapour is shown in Figure 4. There 
are two absorption regions at 320 nm and 260 nm. The 
absorption at 320 nm is due to the transition from the 
ground electronic state to the lowest electronic excited 
state of nJT* character, while the absorption at 260 nm is 
due to the transition to the second lowest excited state 
of JTjr* character. At that time, we had an argon laser 
whose lasing line was 514.5 nm, which is far from these 
electronic excited states. Therefore, the Raman spectrum 
obtained by using the Ar 514.5 nm line is one under 
non-resonant condition, which is the usual condition for 
the ordinary Raman experiment. The Raman spectrum 
obtained is shown at the top of Figure 5. In 1972, we 
hand-made a nitrogen pulsed laser whose lasing line was 
at 337.1 nm. As seen from Figure 4, this line is very 
close to the wtt* electronic excited state. Therefore, by 
using the nitrogen laser, we can obtain the Raman spec¬ 
trum resonant to this particular njt'^ excited state. The 
spectrum obtained is shown in the middle of Figure 5. 
As is obvious, the relative intensities of the Raman lines 
in the spectrum excited by the nitrogen laser are entirely 
different from those of the spectrum obtained by Ar la¬ 
ser. A most surprising thing is the great intensity en¬ 
hancement of the Raman line at 980 cm”^ denoted by 
10a. This Raman line is very weak in the spectrum of 
514.5 nm excitation, but it becomes the strongest Raman 
line in the spectrum of nitrogen laser excitation. Two years 
later, another home-made laser became available. It was 



Figure 4. Absorption spectrum of pyrazine vapour. The positions of 
the Raman exciting lines of Figure 5 are shown by arrows. 
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Figure 5. Raman spectra of pyru/inc excited by 514.5 («), 337.1 
(/?), and 266,0 nm (c) laser lines. 

a frequency doubled YAG laser, whose frequency is 
266 nm. This lasing frequency is very close to the jtjt* 
excited state. Therefore, by using this laser, we can ob¬ 
tain the spectrum resonant to this jtjt* state. The spec¬ 
trum obtained is shown at the bottom of Figure 5. Again, 
the intensities of the Raman lines change dramatically, 
this time, the Raman lines at about 1000 cm"*^ and 
600 cm"*^ show great intensity enhancement. 

The fact that the Raman intensity changes dramati¬ 
cally among the spectra resonant to different electronic 
excited states clearly proved the mechanism of Raman 
scattering predicted by theory. It should be emphasized 
that the Raman frequency itself is the frequency of 


molecular vibration in the electronic ground state, but 
Raman intensity comes from electronic excited states, 
showing a close connection between molecular vibration 
and electronic states of a molecule. Since the Raman 
intensity comes from electronic excited states, we can 
obtain much valuable information on the electronic ex¬ 
cited states from the Raman intensity. It should be 
stressed again that Raman spectroscopy which was a 
tool for the study of vibrational states of a molecule in 
its ground electronic state is also a very powerful tool 
for the study of electronic excited states of the molecule. 

Until 1970, molecular spectroscopists in chemistry 
were broadly divided into two groups. One is spectro¬ 
scopists who are mainly interested in vibrational states 
of molecules and their tool was infrared and Raman 
spectra. Another is those interested in electronic states 
of molecules and their tool was electronic absorption 
spectroscopy. The two groups were quite independent 
and their interaction was very weak. However, the 
situation completely changed with resonance Raman 
studies, which clearly showed a very close mutual rela¬ 
tion. Since then, the boundary between the two groups, 
in other words, the Born-Oppenheimer approximation 
was removed. In this sense, Raman played a very impor¬ 
tant role in unification of vibrational and electronic 
spectroscopists. 

My old experience with Raman spectroscopy has been 
mentioned. Since 1980, I have been more involved in 
other laser molecular spectroscopies. So my career in 
Raman spectroscopy was not further extended. 
However, many sophisticated laser molecular spectro¬ 
scopies have recently been developed and they are 
widely used in various fields in chemistry, physics and 
biology. It is realized that many of these newly- 
developed spectroscopies are based on multi-photon 
processes. Since the Raman effect is a two-photon process, 
it is the most fundamental multi-photon process. The big 
harvest of new laser molecular spectroscopies we are now 
enjoying is simply produced by extension of the Raman 
effect. We should never forget that this wonderful harvest 
was first seeded by the great man, C. V. Raman. 
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Heme proteins and the development of resonance 
Raman spectroscopy - A personal account 

Thomas G. Spiro 

Department of Chemistry, Princeton University, Princeton, NJ 08544, USA 


I recount here the events that led to the serendipitous 
discovery of inverse polarization and vibronic scat¬ 
tering in heme protein Raman spectra. These find¬ 
ings presaged the rapid development of the well- 
populated field of heme protein Raman studies. I 
emphasize the critical roles for discovery of persis¬ 
tence and of timely help from scientific friends. 

The discovery of the Raman effect was announced in 
1928. Halfway through the intervening seven decades, I 
encountered my first Raman spectrometer, when I joined 
the Princeton faculty in 1963. It was a Cary 80, then 
state-of-the-art. It stood in the laboratory of Donald 
Hornig, the chemistry department chair, who had just 
hired me, but was himself on his way to Washington to 
become President Johnson’s science advisor. I was fresh 
from a postdoc with Lars Gunnar Sillen, in Stockholm, 
where I became interested in the halide complexes of 
thallium [III]. I had taken Richard Lord’s spectroscopy 
course as a graduate student at MIT, so I knew that Ra¬ 
man spectroscopy could be applied as a structure probe 
to molecules in aqueous solution. I persuaded Steve 
Kittleberger, Hornig’s last graduate student at Princeton, 
to show me how to fire up the Toronto arc, fill the 
Wood’s sample tube with thallium chloride solution, and 
run off spectra. To our amazement a huge peak ap¬ 
peared, arising from the Tl-Cl breathing mode, since, 
luckily for me, the highly polarizable thallium com¬ 
plexes are champion Raman scatterers. Thus was my 
career as a Raman spectroscopist launched^ 

By then lasers had been commercialized, and the Cary 
Corp, soon advertized a He-Ne laser attachment for its 
spectrometer, at a cost of only $20K! I was on the point 
of finding grant funds to buy one, when George Leroi, 
then on the Princeton faculty, persuaded me that the 
money would be better spent toward the construction of 
a new laser-based spectrometer, using the recently in¬ 
troduced design of the late Sergio Porto, which George 
proceeded to build. This instrument immediately 
eclipsed the Cary 80, and kept my career going, because 
the point-source scattering geometry permitted the study 
of coloured samples for the first time. 

Soon, Thomas Strekas arrived as a graduate student 
and joined my small group. His project was to study a 
new class of^ synthetic oxygen-binding iridium com¬ 
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plexes discovered by the inorganic chemist Laurie 
Vaska, but all these decomposed in the laser beam. In 
desperation, I asked Strekas to try nature’s own oxygen 
carrier, hemoglobin, with the vague idea that the then- 
novel resonance Raman effect might produce a detect¬ 
able signal. His first attempt failed, but fortunately a 
certified biochemist, Chien Ho, happened by the lab 
during a seminar visit, and asked what kind of hemo¬ 
globin we were using. When I pointed to the reagent 
bottle of Sigma bovine hemoglobin, Ho winced and told 
us it was no doubt mostly oxidized. He then explained 
how to prepare fresh hemoglobin from human blood, 
and Strekas donated a pint of his own blood to get his 
thesis going! 

The outcome was spectacular, a beautiful spectrum 
with all kinds of peaks. We had no idea what they 
meant, especially when Strekas checked the polariza¬ 
tions and found they were the wrong way around; some 
of the strongest peaks showed up in perpendicular, but 
not in parallel polarization (Figure 1). Though I scoffed 
and urged him to change the polarizer, Strekas persisted 
in his claim. Thus was inverse polarization discovered^. 

It took a long time to figure out what was going on. A 
chance conversation at a conference with spectroscopist 
Herb Strauss pointed me to Martin McClain’s paper on 
two-photon tensor symmetries^, where I discovered that 
a tensor could be anti-symmetric. Strekas set to work 
averaging direction cosines, and showed that the polari¬ 
zation expected for such a tensor was indeed inverse. He 
then read Placzek’s classic treatise"^, written forty years 
earlier, and discovered a footnote in which inverse po¬ 
larization had been predicted! 

What we had stumbled on was a dramatic example of 
vibronic scattering, offered by the heme chromophore of 
hemoglobin. Heme is a metalloporphyrin, a class of 
aromatic macrocycle (Figure 2) with high symmetry and 
unusual electronic spectra (Figure 3). The main features 
of these spectra were worked out by Martin Gouterman^, 
and are illustrated in Figure 3. These are two closely- 
spaced HOMOs a\u and aiu and a degenerate pair of 
LUMO’s, gg. The electronic excitations are of the same 
symmetry (^’J and are subject to configuration interac¬ 
tion, with the result that the transition moments add up 
in the higher energy B (or Soret) transition, and nearly 
cancel in the lower energy Q (or a) transition. 
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Figure 1. RR spectra of ferrocytochrome c (514.5 nm excitation) 
and of oxy-hemoglobin (568.2 non excitation) showing the parallel 
and perpendicular scattering components, and illustrating inverse 
polarization for the strongest bands (from ref. 2). 

But the Q transition steals back some (~10%) of the in¬ 
tensity through vibronic mixing, giving rise to a vibronic 
side-band, (2v (or /?), some 1300 cm~^ above Qq. The 
mixing vibrations are of Big, Big and Aig symmetry. The 
Aig vibrations have anti-symmetric scattering tensors. 
Thus Strekas had discovered the Aig vibrations of the 
heme group. 

These vibrations can only be observed on resonance. 
Scattering contributions from the 0-0 and 1-0 vibra¬ 
tional levels of the excited state interfere destructively 
for anti-symmetric modes, and they cancel off- 
resonance^. Strekas’ discovery depended on our first 
laser being an Ar'^/Kr’^ mixed gas model (discontinued 
long since), which had a 568.2 nm line, exactly between 
the 0-0 and 1-0 wavelength of the Q transition in oxy¬ 
hemoglobin. 

The mixed gas laser had several lines in the Q band 
region, permitting Strekas to make a second discovery^. 
The excitation profiles of another heme protein, cyto¬ 
chrome c, peaked in the region, but at wavelengths 



Figure 2. Molecular structure of a metalloporphyrin illustrating the 
high (D4h) symmetry. In heme proteins, the X substituents are H, 
and the Y substituents are methyl, vinyl and propionic acid groups. 



Figure 3. Absorption spectrum of ferrocytochrome c, illustrating the 
orbital excitations that combine to form the porphyrin B and Q elec¬ 
tronic transition. The Q^, band is a collection of vibronic transition, 
built on Q{). 

which decreased systematically with increasing vibra¬ 
tional frequency of the band being measured (Figure 4). 
Simply adding the ground state frequency to the Qq 
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RAMAN EXCITATION PROFILES 

FERROCYTOCHROMEC 



X (nm) 


Figure 4. Ferrocytochrome c excitation profiles for the indicated RR bands. The arrows mark the wave¬ 
lengths obtained by adding the (ground state) vibrational frequency to the Qo frequency (from ref. 2). 


frequency reproduced the excitation profile peak wave¬ 
lengths quite well. This pattern provided striking con¬ 
firmation of Albrecht’s then-novel theory of vibronic 
scattering in RR spectral The excitation profiles are all 
expected to peak at the j2o energy (this was later con¬ 
firmed ), but the Qv peak is mode-dependent, as each 
mode comes into resonance with its own 1-0 energy. 
The actual situation is complicated by multimode effects 
and multi-state interferences^, but Strekas’ rather sparse 
excitation profiles managed to get the basic picture right. 

These findings generated much interest in the Raman 
community, and stimulated experiments in many labora¬ 
tories. Useful spectra-structure correlations were dis¬ 
covered, involving the iron oxidation state, the 
porphyrin core size, as modulated by the ligation and 


spin state, and the extent of Fe n back-bonding^^. En¬ 
hancement was discovered for the stretching mode of 
the iron-histidine bond^\ which is the sole covalent 
linkage between the heme and the hemoglobin polypep¬ 
tide chain. Its frequency was found to be sensitive to the 
functional state of the protein, and its depressed value in 
deoxy-hemoglobin provided the first direct evidence for 
molecular tension in the T quaternary state^\ as had 
been postulated by Perutz^^. This band has provided a 
useful probe of protein dynamics, via time-resolved RR 
techniques^'\ Vibrations of exogenous ligands were dis¬ 
covered, including the physiologically-important li¬ 
gands CO, NO and O 2 (ref. 14). These vibrational 
monitors of the bound ligand have weighed importantly 
in arguments about the binding geometry^'\ and are 
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providing useful inforrhation about interactions with the 
surrounding protein^^. 

The porphyrin RR modes have been assigned in de- 
tail^^, thanks to their variable sensitivity to excitation 
wavelengh. They have been used to examine the elec¬ 
tronic structure of radical cations and anions, and of 
excited states^^ Reliable force-fields have been ob¬ 
tained, most recently using ab initio computations^^. The 
eigenvectors are accurate enough to calculate RR in¬ 
tensities, with the aid of INDO-level calculations of the 
excited states^^. These computational advances make 
quantitative modelling of heme protein RR spectra a 
feasible goal. 

Princeton’s late Hubert Alyea, an education enthusiast 
who lectured tirelessly around the globe on the wonders 
of chemistry, always invoked a homily from. Einstein, 
that scientific discoveries require Tucky accidents and 
the prepared mind’. At the beginnings of heme protein 
RR spectroscopy, our minds were hardly prepared, but 
with the aid of scientific friends, we eventually pieced 
together the explanation of the strange phenomena on 
which we happened. It is worth recalling how much sci¬ 
ence is a genuinely communal enterprise. This is a great 
source of strength and progress. 
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Role of Raman spectroscopy in high pressure 
research 

A. Jayaraman and S. K. Sharma 

University of Hawaii at Manoa, Hawaii Institute of Geophysics and Planetology, 2525 Correa Road, Honolulu, Hawaii 96822, USA 


Applications of Raman spectroscopy in high pressure 
research are reviewed. A brief introduction to the 
techniques is followed by discussion of current work 
on the following topics: pressure-induced amorphi- 
zation, crystal to crystal phase transitions in some 
molybdate and tungstate compounds, phase transi¬ 
tions in copper metagermanates, and the high pres¬ 
sure behaviour of solid hydrogen and deuterium. 


The advent of the diamond anvil cell in high pressure 
research opened the window for Raman scattering stud¬ 
ies to probe the high pressure behaviour of materials. In 
the past two decades, several refinements introduced in 
laser Raman techniques, such as micro Raman, CCD 
detectors, and confocal optics, have made it possible to 
obtain Raman signals up to megabar pressures from ex¬ 
tremely small sample volume, dictated by the size of the 
pressure chamber in the diamond cell. One of us re¬ 
viewed the advances in the field in 1989 (ref. 1) with 
some illustrative examples; here we review the current 
status in the field, as a tribute to the great scientist 
whose explorations with light seven decades ago opened 
the door to vistas unimaginable then. 

Earlier laser Raman studies in the diamond cell were 
carried out with the fine focusing optics. The current 
trend is to use a micro-Raman setup such as the one 
shown in Figure 1 (ref. 2). With the optical arrangement 
shown in the insert on top of the figure, the set-up be¬ 
comes a confocal micro-Raman system, resulting in a 
significant improvement in the signal-to-background 
ratio. The laser beam from an Ar*^ or a Kr*^ laser is fo¬ 
cused to a beam diameter of 3 pm with a long working 
distance microscopic objective. Either the -45° angle 
excitation with respect to the microscope-diamond cell 
axis (equivalent to a 135° scattering geometry), or 180° 
geometry (back scattering) is adopted. The 45° geome¬ 
try is shown in Figure 1. In the 180° scattering geome¬ 
try, suitable attachments for vertical illumination are 
provided and a single objective serves for focusing the 
laser beam on the sample and collection of scattered 
radiation. The 45° illumination helps in reducing stray 
light from entering into the system. The scattered light is 
imaged through the microscope and focused on the slit 
of the spectrometer with a high quality, short focal- 
length lens. The introduction of a holographic filter 
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between the lens and the slit helps to reduce the 
Rayleigh scattered radiation. A triple spectrograph of 
the type SPEX 1877 equipped with a liquid nitrogen 
cooled CCD detector is a most convenient Raman spec¬ 
trometer system to employ. Typically, the spectra are 
recorded with entrance slits of the spectrograph set at 50 
to 200 pm for a resolution of 5 to 20 cm"^ 

Any type of diamond cell can be used with system^. 
The one shown in Figure 1 is the Mao-Bell type dia¬ 
mond cell, with beveling and suitable openings on the 
cylinder side to facilitate the 45° laser beam entry and 
exit. The diamond anvils for Raman work have to be 
low fluorescence type and are usually 1/3 carat in size, 
with anvil flats varying from 700 pm to 300 pm. For 
multimegabar pressures, it is the general practice to use 
beveled anvils. In these anvils, the beveled diameter is 
typically 300 pm and the central flat 50-30 pm in di¬ 
ameter. The bevel angle is variable but is optimally 
about -7°. 

For pressure media, a mixture of 4:1 methanol/ethanol 
is commonly used and this medium is found to be hy¬ 
drostatic up to 10 GPa. Noble gases (He, Ar, Xe) can 
be used as pressure media and this is accomplished ei¬ 
ther by cryogenic filling or by high pressure gas loading 
techniques'^. Recent experiments have shown that argon 
is not a very good hydrostatic pressure medium, as was 
believed earlier^ Argon solidifies near 1.2 GPa at room 
temperature and turns into a quasihydrostatic medium. 
Helium is found to be far superior. It solidifies near 
12 GPa at room temperature and continues to be a soft 
solid to much higher pressures, viz. 40 GPa (ref. 5). In 
recent high pressure X-ray diffraction studies on solid 
hydrogen up to 120 GPa, helium as a pressure medium 
has been found to be extremely satisfactory in preserv¬ 
ing the integrity of the single crystals^. But both argon 
and xenon are easier to handle and provide a nonreac¬ 
tive and clean background for samples. They can be 
used, provided the behaviour of the sample is not de¬ 
pendent on the state of the stress exerted by the pressure 
environment. Helium is much more compressible and 
lighter and hence somewhat more difficult to trap in the 
gasket hole of the diamond cell. 

The ruby fluorescence technique is commonly used 
for pressure calibration, for it is quick, sensitive and 
efficient. However, the ruby peaks progressively become 
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Insert A shows the confocal imaging attachment. The confocal ar¬ 
rangement allows detection of light originating from a small focal 
volume, with little or no contamination of light scattered from re¬ 
gions away from the focus. This is achieved by placing a pinhole in 
the image plane. 


Figure 2. Raman spectra of Tb 2 (Mo 04)3 at four different pressures 
demonstrating pressure-induced amorphization. Note the broad fea¬ 
ture in the 6.6 GPa and 8 GPa spectra due to amorphization. A crys- 
tal-to-crystal phase transition is also seen in the 3.5 GPa spectrum. 


weaker with pressure and also broaden if the pressure 
medium is nonhydrostatic. Further, diamonds are found 
to develop pressure-induced fluorescence in the megabar 
region^’® and this interferes with the already weakened 
ruby emission. Recently, the use of diamond anvils 
made from synthetic isotopically pure C^^-diamond have 
been suggested to avoid this problem. Diamond anvils 
of are reported to be good up to 300 GPa (ref. 9), as 
far as pressure-induced fluorescence is concerned. But 
the cost of these diamonds is prohibitive for general use 
at present. Excellent Raman spectra can be obtained 
with low-fluorescence Type I diamonds up to 50 GPa, 
and most systems of interest to condensed matter phys¬ 
ics or materials science fall within this pressure ranged 

Raman spectroscopic studies at high pressure 

Some general remarks 

Raman spectroscopy is a very convenient tool to probe 
pressure-induced phase transitions^’^^. Further, the 
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pressure dependence of the vibrational modes contains 
information on bonding and crystal chemical properties. 
Structural phase transitions, phase transitions involving 
subtle changes in the symmetry of the crystal lattice, and 
transitions to disordered and amorphous state leave their 
characteristic signatures in the Raman spectra. Through 
a detailed analysis of these features, the mechanism in¬ 
volved in the phase transitions and what happens to the 
structural building blocks can be inferred. One of the 
most active areas in high pressure research in recent 
years has been pressure-induced amorphization, and in 
this field Raman spectroscopic studies have played an 
important role. Pressure-induced structural transitions in 
many molybdates and tungstates of varying degree of 
complexity and pressure-induced phase transitions in 
CuGe 03 have been the focus of study in our Raman 
laboratory at the University of Hawaii. Another field in 
which Raman spectroscopy has played a key role is in 
following the behaviour of solid hydrogen, compressed 
to multi-megabar pressures^^. In this article, we will dis¬ 
cuss some select cases to show the role of Raman 
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Figure 3. Raman spectra of CdMo 04 at three pressures showing 
phase transitions from the scheelite structure. The arrow marks the 
strongest peak of scheelite in the mixed phase spectrum (middle). 

spectroscopy in elucidating the high pressure behaviour 
of materials. 

Pressure-induced amorphization 

Pressure-induced amorphization has been documented in 
a number of materials in recent years. Raman spectros¬ 
copy has turned out to be one of the convenient and ef¬ 
fective probes to establish crystalline to amorphous 
phase transitions in situ. The earliest examples are Snl 4 
(ref. 11) and a-quartz'^ and berlenite (AIPO4) (ref. 13). 
The subject has been reviewed in an excellent article by 
Sharma and Sikka''* and in an earlier article in Current 
Science by Sikka'^. Here we illustrate pressure-induced 
amorphization, with examples from our Raman studies 
on some rare earth trimolybdates and dimolybdates. 

In Figure 2 , in situ Raman spectroscopic evidence for 
pressure-induced amorphization in Tbz (Mo 04)3 is pre¬ 
sented . The sharp Raman features observed in this 
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compound disappear when single crystal or powdered 
material is compressed at room temperature to pressures 
above 6 GPa, regardless of whether the compression is 
carried out in a hydrostatic medium or under quasihy¬ 
drostatic conditions. The appearance of the two broad 
Raman features also coincides with the results of in situ 
high pressure X-ray diffraction studies. In amorphiza¬ 
tion, the sharp X-ray diffraction peaks disappear. On 
release of pressure, the amorphized phase is metastably 
retained down to ambient pressure, reverting gradually 
with time to highly disordered parent-like phase. 

The tendency of the rare earth trimolybdate system to 
amorphize under compression was first reported by 
Brixner*^ in Gdi (Mo 04 ) 3 . When the /?~phase of Gd 2 
(Mo 04)3 was treated to 6.5 GPa at temperatures 
<400°C, Brixner found from X-ray diffraction studies 
that the quenched material had amorphized. It is now 
believed that the amorphization in the rare earth trimo¬ 
lybdates is due to the kinetically impeded y? -to-a phase 
transition. The ^-phase is metastable low density phase, 
while the ( 2 -phase is the thermodynamically stable, high 
density phase. Therefore, pressure should drive the 
phase to the a-phase. But at room temperature the sys¬ 
tem cannot make the structural rearrangements neces¬ 
sary to establish the ordered ci:-phase structure, and 
hence in frustration disorders. When heated to tempera¬ 
tures above 700°C near 6 GPa the ^ 2 -phase is obtained 
on quenching, indicating that the crystalline to crystal¬ 
line transition will proceed when the kinetic barrier is 
removed by temperature activation. 

Pressure-induced amorphization near 30 GPa in the 
dimolybdate system NaLa (Mo 04)2 has been reported 
Again the Raman spectra clearly establish that the sys¬ 
tem disorders. However, in the double molybdates, a 
much higher pressure is needed to amorphize the sys¬ 
tem. On release of pressure, the system recovers crys¬ 
tallinity to the parent phase. It is believed that in the 
double molybdate, the amorphization may be related to 
a tilting of the (M 0 O 4 ) octahedra in an uncorrelated 
manner. The position of the broad Raman peak at the 
high frequency end suggests that the individual M 0 O 4 
tetrahedra still survive in the amorphized phase. 

Simple molybdates involving divalent cations such as 
SrMo 04 do not undergo any pressure-induced amorphi¬ 
zation up to the highest pressure studied^^. Thus there 
seems to be a correlation between structural complexity 
and pressure-induced amorphization. 

In a totally different system, namely copper metager- 
manate (CuGe 03 ), we have Raman evidence for pres¬ 
sure-induced amorphization^^. This system will be 
discussed elsewhere in this article in more detail. 

Pressure-induced structural transitions 

CdMoO^ and CJWO 4 . These two materials crystallize 
in the scheelite and wolframite structures respec- 
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Figure 4. Pressure dependence of the Raman peaks in CdM 04 re¬ 
flecting the phase transitions. Dotted lines mark the phase transition 
pressures. 

lively, typical structures encountered in a large class of 
ABO4 type compounds. The Raman spectra of CdMo 04 
(ref. 21) in the normal phase and at high pressures are 
shown in Figure 3. The spectra strikingly change near 
13 GPa and near 25 GPa, due to a phase change to the 
wolframite structure and then to a much denser new 
structure labelled Phase III. From the shift in the Vj 
Raman peak in Phase III of CdMo 04 (around 840 
it is inferred that the new structure must involve a 
change in the coordination of the Mo—O from four-fold 
to six-fold coordination. The change to higher coordi¬ 
nation results in longer Mo-0 bond length, which low¬ 
ers the V\ frequency. In CdW 04 (ref. 22), a similar 
transition occurs near 20 GPa. A convenient way to 
demonstrate pressure-induced phase transition is by 
plotting the Raman peak position against pressure, as 
shown for CdMo 04 in Figure 4. The two phase changes 
discussed above are clearly seen in the plot. 

Alkali—rare earth double molybdates and tungstates. 
These double molybdates and tungstates crystallize in 
the scheelite-related orthorhombic or lattice scheelite 
structure when the cations are disordered. Some of the 
tungstates have the wolframite structure. A third type 
has the layered structure typified in the K, Rb, and Cs 
double molybdate compounds. We have explored the 

CURRENT SCIENCE, VOL. 74, NO. 4, 25 FEBRUARY 1998 



Figure 5. Raman spectra of NaSm (W 04)2 at two pressures, the 
scheelite phase at 1 MPa and distorted scheelite at 37 GPa. 

pressure-induced phase transitions in several of them 
and discuss here a few select cases. 

In general, the scheelite type and the closely related 
orthorhombic (pseudo-scheelite type) materials exhibit a 
pressure-induced phase transition in the 10-12 GPa re¬ 
gion to a distorted version of the above two types, with a 
lower symmetry^^ Typically, the high frequency Vj 
Raman peak splits into two peaks and further, some 
changes occur in the V 2 and V 4 mode region. This behav¬ 
iour is shown in Figures 5 and 6 for NaSm(W 04 ) 2 . At 
pressures near 30 GPa, they all seem to disorder, as 
judged from the loss of sharp Raman peaks from the 
spectrum. 

In Figure 7, the pressure-induced phase transition in 
the layer-type KTb (Mo 04)2 is shown^'*. A first-order 
phase transition is observed near 3 GPa in which the 
single crystal plate samples visibly contract in the a-axis 
direction and change colour to a bright yellow, as seen 
by transmitted light. The transition involves a change in 
the crystal structure to a phase with monoclinic symme¬ 
try. Identical pressure-induced transitions occur near 
3 GPa in KY (Mo 04)2 and KDy (Mo 04)2 (ref. 25) as 
seen from the Raman features, but there is no change in 
the colour of the material. This suggests that the colour 
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Figure 6. Pressure dependence of the observed Raman peaks in 
NaSra(W 04 ) 2 - Phase transition marked by the dotted line. 



Figure 7. Raman spectra of the normal layer structure type phase 
and the new high pressure phase of KTb(Mo 04 ) 2 . 
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change observed in KTb (Mo 04)3 niust be associated 
with an electronic transition, and in this connection 4f- 
5d electron transfer in Tb seems the most likely transi¬ 
tion. 

The molybdate systems progressively change colour 
and turn deep orange near 30 GPa. We believe that this 
is due to a change in the electronic state of Mo, involv¬ 
ing a back transfer of charge from the oxygens to Mo^”^ 
to compensate for the repulsion of Mo^^ experienced by 
compression of the lattice. The absorption due to this 
charge transfer (back donation) makes it difficult to ob¬ 
tain Raman spectra above 30 GPa. 

CuGeOs, Copper metagermanate is a remarkable mate¬ 
rial, for it is the only inorganic compound known to ex¬ 
hibit the so-called Spin-Peierls transition at 14 K (ref. 
26). The transition is associated with the antiferromag¬ 
netic pairing interaction of the Cu^’" spins in a Heisen- 
berg-like chain lattice. The material crystallizes in a 
layered lattice^^ whose structural building blocks consist 
of chains of corner-linked Ge 04 tetrahedra and CuGg 
edge-sharing octahedra, running parallel to each other. 
Actually the Ge 04 chains are linked by Cu^^ which lie 
on a chain surrounded by a distorted octahedron of oxy¬ 
gens belonging to four adjacent Ge 04 chains. The 
structure is related to the pyroxene type silicates such as 
MgSi 03 , with the difference that in the latter the Si 04 
tetrahedra lie on either side of the chain, whereas in 
CuGe 03 the Ge 04 tetrahedra lie on the same side. In the 
mineralogical nomenclature this disposition of tetrahe¬ 
dra is known as ‘einer’ chain, and CuGe 03 is the only 
compound known to have this unique arrangement^^. 
This is attributed to the tendency of the Cu^^ to occupy a 
distorted octahedral site because of the Jahn-Teller 
effect . The structure can easily be altered by external 
constraints such as pressure and indeed this occurs. 
Three structures compete when the system is pressur¬ 
ized, and surprisingly the hydrostaticity of the pressure 
medium determines the transition sequence. In situ high 
pressure Raman studies have yielded a wealth of infor¬ 
mation on these pressure-induced phase transitions^^. 
The resulting high pressure phases are very colourful 
because of the changes in the electronic state associated 
with Cu The results of the Raman spectroscopic char¬ 
acterization of the phases and optical microscopic stud¬ 
ies have appeared in the columns of Current Science^^. 
Here we present a brief description of the behaviour of 
the system. 

Raman spectroscopic studies on single crystal 
CuGeOs samples have been carried out in the diamond 
anvil cell using helium, argon, methanol/ethanol mix¬ 
ture, and other media^^. A summary of the results is pre¬ 
sented in Figure 8, deduced from the Raman spectra of 
the different phases. The Raman spectra of the three 
high pressure phases along with that of the normal phase 
are shown in Figure 9. The phase obtained under strictly 
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Copper Metagermanate -1 
CuQeOs 

(Single Crystal) 


Strictly hydrostatic pressure, 
meth/eth mix, He 


Quasihydrostatic pressure. 
Argon, KBr, water, ethanol 
or other media 


Pale Green-Phase - II 

Large b-axis contraction. 
Reversible. 

"Einer" chain. Preserved. 



Amorphizes P>20 GPa 


Crystalline Phase 
(to 30 GPa) 


Blue PhW-lll 

Quenchable. 

No large dimensional change. 
Pyroxene structure. 


Green Phase - IV 

No large dimensional change. 
Pyroxene structure. 
Reversible to Blue-Phase 
(High pressure clino-enstatite type?) 


Yellow - Green Phase - V 

Crystalline to 37 GPa 


Figure 8. Sequence of phase transitions observed in copper meta¬ 
germanate, under hydrostatic pressure and quasihydrostatic pres¬ 
sures, showing the totally different behaviour. 



Figure 9. Raman spectra of the three high pressures phases, II, III 
and IV and the normal phase I of CuGeOa. 


hydrostatic conditions in the vicinity of 7 GPa has a 
Raman spectrum which suggests that the ‘einer* chain 
character is preserved in the high pressure phase. Also, 
the crystal remains as a single crystal after the transi¬ 
tion. The phase transition is reversible with a 2 GPa 
hysteresis. The elucidation of the structure of this high 
pressure phase awaits a high pressure single crystal 
X-ray diffraction study. This phase amorphizes when 
compressed in methanol/ethanol mixture, but with He as 
pressure medium no amorphization takes place and the 
system transforms to another crystalline phase. 

Pressurization of the blue-phase in different pressure 
media leads to the same sequence as shown in Figure 8 
and there is no amorphization up to 30 GPa, the highest 
pressure reached in our studies. The structures suggested 
for the blue-phase and the green-phase, namely the py¬ 
roxene type MgSi 03 and its high pressure polymorph are 
supported by their Raman spectral features^^ A high 
pressure X-ray diffraction study is needed to confirm the 
predictions. For the phases encountered at much higher 
pressures, the possibilities are ilmenite, garnet or 
perovskite type structures. Further studies, in particular 
high pressure X-ray diffraction studies, are expected to 
shed light on the nature of these phases. 

Solid hydrogen at high pressure 

The high pressure behaviour of solid hydrogen and 
deuterium has been of great interest^ because of the 
possibility of their metallization under high pressure, 
predicted theoretically six decades ago. According to 
recent calculations, two types of metallic transitions, 
one in the molecular solid due to band overlap and the 
other due to the dissociation of the molecular to the 
atomic state in the solid, are expected^ 

In following, the high pressure behaviour of solid H 2 
and D 2 , Raman spectroscopy has played a crucial role 
and continues to be the most powerful probe. There is 
an interesting and untold story behind the use of 
Raman spectroscopy to probe hydrogen at high pressure. 
The publication of three apparently unrelated papers 
from different parts of the globe triggered the idea, 
namely (1) the first claim by Leonid Vereshchagin and 
his coworkers^^ that they got the metallic phase of hy¬ 
drogen, in experiments with their diamond indentor de¬ 
vice; (2) the observation that a Raman signal from solid 
CI 2 could be obtained in the diamond cell, when CI 2 was 
produced accidentally as a photo-decomposition product 
of CCI4 in the cell by Adams and Sharma^^ and (3) the 
achievement of generating megabar pressures in the 
diamond cell by Mao and Bell^"^. Sharma et first 
introduced Raman spectroscopy to study the high pres¬ 
sure behaviour of solid hydrogen and deuterium 
in the diamond cell, which turned out to be highly re¬ 
warding. 
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Wavenumber (in cm“‘') 


Figure 10. Vibrational modes in solid hydrogen showing the rotational (rotons), lattice vibrational (phonon) 
and the molecular stretching (vibron) modes, and below the observed Raman features corresponding to these 
at 96 GPa (ref. 6). > ^ 



Pressure (GPa) 

Figure 11, Pressure dependence of the vibron frequency of hydro¬ 
gen at 77 K showing the unusual behaviour, the turnover and the 
abrupt drop of about 100 cm'^ near 150 GPa due to a transition from 
phase II (hep) to phase III (A). The inset shows the pressure depend¬ 
ence of the vibron frequency in hydrogen and deuterium (dashed 
curve) at 295 K. Note the disappearance of the abrupt shift near 
150 GPa. The top curve shows the IR active vibron which becomes 
very strong in phase III (A-phase). 


There are three principal types of vibrational excita¬ 
tions in solid hydrogen (see Figure 10) and these are the 
stretching mode (vibron), the vibration of the lattice 
(phonon), and the rotations of the individual molecules 
(roton). The behaviour of these modes under pressure, 
namely, their frequencies and intensities, gives impor¬ 
tant clues as to what is happening to bonding, crystal 
structure and degree of orientational order. The stretch¬ 
ing frequency of the molecule, called the vibron, is the 
strongest Raman peak observed with H 2 and D 2 and it 
has been followed up to about 2.5 megabar pressure in 
the diamond cell experiments. The turnover of the vi¬ 
bron frequency near 30 GPa (see Figure 11) is notewor¬ 
thy and has given rise to much theoretical speculation^® 
as to why it happens. Further, the break in the plot near 
150 GPa is believed to be due to a first-order phase 
transition in solid hydrogen due to orientational order¬ 
ing. A recent P-T diagram of hydrogen and deuterium 
arrived at using mostly the Raman data is shown in Fig¬ 
ure 12 (ref. 36). The diagram is quite complex for sim¬ 
ple materials like hydrogen and deuterium. 

Hydrogen and its isotopes are quantum solids, for the 
reason that the zero-point energy and atomic motions 
have a considerable influence in the solid state. Their 
low temperature behaviour is marked by order-disorder 
transitions associated with the rotational state of the 
respective molecules^^. With pressure, the effect of 
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Figure 12. P"T diagram of solid H 2 and D 2 showing the different phases 
encountered; the boundaries were determined mainly from the Raman 
data. The inset shows the behaviour of solid hydrogen showing the triple 
point between phases 1,11 and III, first noted in solid D 2 . 

increasing intermolecular interactions overpowers the 
energy associated with the rotational states. The com* 
petition between the two leads to stabilization of the so- 
called broken symmetry phase (BSP). The structure of 
the BSP phases remains to be determined. The so-called 
A-phase first found by Hemley and Mao^^ in solid hy¬ 
drogen near 150 GPa and 77 K has also been reported 
for D 2 solid^*". According to Hemley and Mao, the dis¬ 
continuity in the vibron frequency gradually disappears 
near 150 K and 150 GPa, which they interpreted as a 
critical point. However, this has been questioned' on 
the basis of symmetry arguments and the observation of 
strong infrared active vibron in the A-phase. Further, 
pressure-temperature excursions in D 2 in the vicinity of 
the transition of the A-phase suggest a triple point be¬ 
tween the hep-BSP-A-phase at 167 GPa and 130 K. 
Further detailed experiments show that a similar picture 
is true also for solid hydrogen, with the triple point at 
160 GPa and 120 K (ref. 6). At higher temperature 
(~ 235°K and 182 GPa) the existence of a tricritical 
point has been proposed^^. Transition to phase A (III) is 
believed to involve orientational ordering and broken 
symmetry. A clear picture will emerge when the struc¬ 
tures of the high pressure phases of solid H 2 or D 2 are 
resolved. 

Raman and IR spectroscopy, in combination with 
group theoretical analysis^^'^^ and molecular dynamic 
calculations^^ have yielded some insight into the possi¬ 
ble structure of the high pressure and low-temperature 
phases of hydrogen and deuterium. Accordingly, the 
most probable candidate structure for phase III (A- 
phase) seems to be P2lm, This would be consistent with 
the observed strong IR-active vibron and the Raman 
active vibron. Charge transfer and consequent develop¬ 
ment of a permanent dipole moment in an ordered ortho- 
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rhombic structure (Pnma, z = 4) has been proposed for 
phase III, on the basis of a molecular dynamic simulation. 

The stretching mode (vibron) is observed right up to 
the highest pressure studied, "namely 230 GPa, which 
confirms that the D 2 and H 2 molecules are intact in solid 
hydrogen or deuterium compressed to 230 GPa. If dis¬ 
sociation to the atomic state were to occur, the vibron 
should disappear. The consensus at this time is that me¬ 
tallic hydrogen, either in the molecular state or by dis¬ 
sociation, has not yet been found in static compression 
of hydrogen and its isotope to 250 GPa. The topic is 
being hotly pursued at the Geophysical Laboratory of 
the Carnegie Institution of Washington, Harvard, and 
Cornell Universities. 

Concluding remarks 

The application of Raman spectroscopy in high pressure 
research has paid rich dividends, especially in studying 
materials which are transparent to visible radiation. It is 
a very convenient and fast in situ probe and can give 
insights into the microscopic aspects involved in phase 
transitions. In some areas like amorphization, it sur¬ 
passes even the high pressure X-ray diffraction tech¬ 
nique. Further, the use of single crystals in high pressure 
Raman studies with a hydrostatic pressure medium could 
be exploited to obtain information about the symmetry 
and together with powder X-ray diffraction data could 
lead to a complete understanding of the structure of the 
high pressure phase. Novel systems such as high Tc ma¬ 
terials and fullerenes have been studied under high pres¬ 
sure using the Raman technique. But in general, Raman 
signals from systems opaque to laser radiation are much 
harder to get, and hence the use of Raman probe to 
study the high pressure behaviour of such systems is 
quite limited. The most interesting topic in condensed 
matter under high pressure at this time is the behaviour 
of solid hydrogen. In this field, Raman spectroscopy has 
been the mainstay and the tool par excellence. Without 
Raman and IR spectroscopy, the enormous progress that 
has been made in this field would not have been possible. 
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Lattice vibrations of isotopically controlled single 
crystals of diamond 0 < x < 1) are investi- 

gated with Raman, Brillouin, and Fourier transform 
infrared spectroscopy. The variation of the zone cen¬ 
ter optical phonon frequency and elastic moduli in 
the context of the virtual crystal approximation and 
zero-point motion; critical point frequencies as mani¬ 
fested in the two-phonon Raman and infrared spec¬ 
tra are addressed in these studies. The electronic 
infrared and Raman spectra of holes bound to substi¬ 
tutional boron acceptors in isotopically controlled 
diamonds show: (1) the Lyman transitions in which 
the bound states manifest host-related-self-energy 
shifts; (2) the spin-orbit splitting (A') of the Is 
ground state into Isijpz/z) ^nd Isipm), Isipyz) being 
thermally populated; (3) a direct observation of the 
1^CP3/2) -> ls^(Pi/ 2 ) transition as an electronic Raman 
at together with its isotopic effects. 


Diamond can be viewed as an elemental group IV 
‘semiconductor’ with a bandgap ~5.5 eV. When free 
from impurities, it is transparent from the ultraviolet to 
well into the microwaves, barring only the 2-6 \i range 
of multi-phonon absorption bands. The nearest neigh¬ 
bour, tetrahedrally coordinated, strong carbon-carbon 
sp^ bonds make it the hardest terrestrial material; its 
unique lattice vibrational spectrum endows it with a very 
large Debye temperature and a thermal conductivity at 
room temperature surpassing even that of copper. This 
special combination of optical, mechanical, and thermal 
properties of diamond continues to command intense 
scientific interest and to generate significant technologi¬ 
cal applications^’^. The promise and the potential of a 
new generation of electronic devices based on diamonds 
have been well appreciated^. In this context, it is worth 
recalling the following statement made by Raman"^ in the 
concluding remarks of his 1930 Nobel Prize address: 
The case of the diamond, which has been investigated 
by Ramaswamy, Robertson, and Fox, and with especial 
completeness by Bhagavantam, is of special interest. 
Very surprising results have been obtained with this 
substance, which may be the pathway to a fuller under- 
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Standing of the nature of the crystalline state’. Indeed, 
investigations on diamond feature prominently in 
Raman’s researches throughout his scientific career^. 

In our contribution to this special issue of Current 
Science dedicated to the 70th anniversary of the discov¬ 
ery of the Raman Effect, we are honoured to present an 
account of our recent investigations on vibrational and 
electronic excitations in isotopically controlled dia¬ 
monds exploiting infrared, Raman, and Brilliouin spec- 
troscopy^“^°. 

Experimental 

Naturally-occurring diamonds have an isotopic compo¬ 
sition corresponding to the natural abundance of carbon, 
viz. 98.9% and 1.1% Diamonds containing 
nitrogen as a dominant impurity are classified as Type 1. 
The relatively rare, nitrogen-free diamond is designated 
as Type Ila. Further, nitrogen-free but semiconducting 
diamond 0?-type due to substitutional boron acceptors) 
is called Type Ilb. Type Ilb diamonds are extremely rare 
and exhibit remarkably low resistivities (5 to 10^ Ocm), 
whereas typical Type I and Type Ila diamonds have re¬ 
sistivities well in excess of 10^^ Q.cm, 

Until the first successful realization of single crystal 
diamond synthesis using the high-pressure-high- 
temperature (HPHT) technique^ ^ and the low tempera¬ 
ture growth from the gaseous phase^^’^^ by chemical va¬ 
pour deposition (CVD), research on diamond was 
exclusively carried out on natural specimens. In the 
CVD process, the isotopic composition can be con¬ 
trolled by that of the gas employed; the isotopically 
controlled polycrystalline diamond can then be utilized 
in the HPHT technique to produce single crystals of 
diamond with 0 <jc< 1 (ref. 14). To date, 
only p-type doping with substitutional group III boron 
impurities^^ has been successful, the impurity being in¬ 
troduced into the CVD diamond feedstock used in the 
HPHT growth^. In this manner we have access to single 
crystals of diamonds throughout the composi¬ 

tion range. In addition to Type Ilb natural diamonds, a 
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man-made boron doped diamond with natural and '^C 
composition is available to us. 

Raman scattering experiments were performed with 
(1) a grating double monochromator (with a third for 
superior rejection of parasitic radiation) and photon 
counting electronics or (2) a CCD based multichannel 
triple spectrometer. A piezo-electrically scanned, multi- 
passed, tandem Fabry-Perot interferometer was em¬ 
ployed for recording Brillouin spectra. The Raman and 
Brillouin spectra were excited with a variety of lines 
from an Ar"^ or a Kr"^ laser. A multi-scanned high resolu¬ 
tion, Fourier transform spectrometer was used in infrared 
transmission experiments. Variable temperature optical 
cryostats enabled measurements of spectra with diamonds 
held at a temperature in the range 4.2 to 300 K. 

Vibrational excitations 


As is well known, inelastic neutron scattering from sin¬ 
gle crystals, investigated as a function of crystallo¬ 
graphic direction, enables one to determine the 
frequencies of phonons (cu) with wavevectors (q) span¬ 
ning the entire Brillouin zone (BZ); indeed, phonon dis- 
person curves (cu(q)) for diamond have been deduced in 
this manner by Warren et aO^. However, the signifi¬ 
cantly higher precision with which phonon frequencies 
can be determined and the feasibility of experiments 
even with specimens as small as 1 mm^ make inelastic 
light scattering (Raman and Brillouin) and infrared 
spectroscopy very attractive for the study of phonons. In 
optical processes involving the creation (annihilation) of 
one phonon, i.e. in the first order Raman and infrared 
spectrum as well as in Brillouin scattering, only phonons 
near the zone center (q - 0) can be excited (de-excited). 
The diamond lattice consists of two face-centered, inter¬ 
penetrating, cubic (FCC) lattices displaced along the 
body diagonal by a being the lattice con¬ 

stant. It belongs to the space group OliFA^! d32! m), 
the primitive unit cell containing two carbon atoms. The 
triply degenerate zone center optical phonon of 
F 2 g symmetry is Raman allowed and infrared forbid¬ 
den , since phonon features are subject to selection 
rules of non-vanishing polarizability (Raman) and elec¬ 
tric dipole moment (infrared), respectively. In addition, 
wavevector conservation in two phonon processes re¬ 
stricts the participating phonons to q,- h- q; ~ 0. The sec¬ 
ond order spectra are quasi-continuous with peaks and 
slope discontinuities given by the joint density of states, 
in particular critical points (van Hove singularities) of 
the phonon dispersion curves. 

It can be easily seen that the phonon frequencies 
(*^(<l)) in an isotopically-controlled diamond will scale 
as where M = xMn + (1 - x)Mu, and Af ,3 be¬ 
ing the masses of and respectively; this is the 
virtual crystal approximation (VGA). One of the fun¬ 


damental aspects of lattice dynamics, accessible in a 
crystal composed of light atoms as in diamond, is zero- | 
point motion. In combination with the anharmonicity 1 
parameter (gj), the Fa* frequency (coq), lattice parameter 
(a), and bulk modulus (g) exhibit® an isotopic depend¬ 
ence displayed in Table 1. 

The first order Raman spectrum of diamond 

is displayed in Figure 1 a for x ranging from 0.992 to 
0.001; the composition dependence of the zone center 


Table 1. The F 2 g frequency (fid) lattice parameter (a_) and bulk 
modulus (B), in row 1, transform to run, a and S, reflecting the 
effects of zero-point motion and anharmonicity. 

^1 =^l(l-[%f 


F 2 g frequency 


Lattice parameter 


Bulk modulus 


-]V2 


( 0 () =^0 


8(fci+4k2) 
3M 


I- 




ci-a^ + 


%1 


B = (ki/3a) 





Frequency Shift (cnr'’) 

Figure 1, The Raman (a) and Brillouin {b) spectra of Type lia 
C\-x Cx diamonds. The Brillouin spectra obtained with a large free 
spectral range of the tandem Fabry-Perot interferometer clearly show the 
signatures of longitudinal (L) and transverse (T) components (ref. 6). 
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Table 2, Elastic moduli Cij and bulk modulus ^ of diamond (in units 
of 10^^ dyne/cm^) 


X 

Cll 

Cl2 

6‘44 


0.0' 

10,799(5) 

1.248(10) 

5.783(5) 

4.432(8) 

0.01105 

10.804(5) 

1,270(10) 

5.766(5) 

4.448(8) 

0.992 

10,792(7) 

1.248(14) 

5.776(7) 

4.429(12) 



Figure 2. The Raman spectrum of a natural and a diamond. The 
spectra show the dominant first-order, Raman-active F 2 i> line and the 
significantly weaker, quasi-continuous, multi-phonon features (ref. 
10 ). 



Figure 3. The multi-phonpn features of a natural and a diamond 
in infrared absorption spectrum. Note the absence of the first-order 
line (ref. 10). 


optical phonon frequency, (Oq (x), reflects the contribu¬ 
tions from zero point motion and anharmonicity, VC A 
and disorder effects. The experimental values 
1332.8 cm-’ and 1281.6 cm-' for x = 0.001 and 0.992, 


respectively, are consistent with those expected from 
considerations of zero-point motion, over and above 
VGA. 

The Brillouin spectrum, recorded in the backscattering 
geometry for q ll[lll] using the tandem Fabry-Perot 
interferometer, is shown in Figure 1 b; the longitudinal 
(transverse) Brillouin component yields sound velocities 
1.860 x 10® (1.206 X 10®) cm/s for .x = 0.001 and 
1.785 X 10® (1.158 X 10®) cm/s for a: = 0.992. On the 
basis of measurements on a number of samples, per¬ 
formed with the tandem feature omitted but with a free 
spectral range such that it produced a large order differ¬ 
ence between the parent laser signature and the Brillouin 
shifted component, we were able to determine with high 
precision Cn, Cu, and C44, the three independent elastic 
moduli for diamond with x = 0.01105 (natural), O.OOl 
and 0.992 (Table 2). The range in the bulk modulus 
[(^^11 + 2 ci 2)/3] in going from x = 0 to x = 1 is pre¬ 
dicted to be 0.12%, just below the precision we were 
able to achieve in our measurements. 

From a comprehensive analysis of multi-phonon fea¬ 
tures in (a) Raman spectra (Figure 2) recorded under 
diverse scattering geometries as well as different polari¬ 
zations for the incident and scattered light, and in (b) 
infrared absorption spectra (Figure 3) using specimens 
with x = 0,001, 0.011, 0.992, we have identified a large 
number of combinations and overtones of phonons at the 
critical points in the BZ^°. 

Electronic excitations 

The ability to grow single crystals free of imperfec¬ 
tions - be they lattice defects, or chemical impurities - 
followed by the controlled introduction of a desired im¬ 
perfection is the prerequisite for a semiconductor to be 
significant in technology. While the HPHT and CVD 
techniques of diamond synthesis are milestones in this 
respect, the incorporation of shallow impurities (group 
III acceptors or group V donors) has been successful to 
date only for boron acceptors. The study of the bound 
states of donors and acceptors can be performed with 
extraordinary detail using infrared spectroscopy*®. The 
Lyman spectrum and the associated Zeeman and piezo- 
spectroscopic effects of an acceptor or a donor yield the 
binding energies and the symmetries of the ground and 
excited states. To the extent the bound states are de¬ 
scribed in terms of the parameters of the band extremum 
with which they are associated, such a study is of clear 
value in the context of the properties of the host. Cyclo¬ 
tron resonance experiments*^ as well as transport meas¬ 
urements^*^ have provided the Luttinger parameters and 
the spin-orbit splitting (A « 6 MeV) characterizing the 
valence band maximum at the zone center. Motivated by 
these considerations, we have investigated the Lyman 
spectrum of boron acceptors in isotopically-controlled 
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Figure 4. The absorption spectrum of a natural. Type Ila and of a 
Type lib diamond, the latter showing the Lyman transitions of the 
boron acceptor. The inset shows the comparison of the Lyman spec¬ 
trum of a natural and of a '^C Type Ilb diamond (ref. 7). 

diamonds using Fourier transform infrared as well as 
Raman spectroscopy’"®. The selection rules for infrared 
and Raman transitions being different, the two tech¬ 
niques can be complementary. 

In Figure 4 we display the absorption spectra of a 
natural Type Ila and boron-doped Type lib diamonds in 
the spectral range 1800-6000 cm"' recorded at 5.0 K. 
While both show identical intrinsic multi-phonon fea¬ 
tures, the spectrum of the Type lib diamond clearly 
shows the characteristic sharp lines associated with the 
transitions of the acceptor bound hole from the ground 
to the various excited states’. The onset of the pho¬ 
toionization (~ 3000 cm"') persists well into the red and 
endows the boron-doped diamonds with its typical blue 
colour, the intensely blue Hope diamond being a striking 
example. The inset shows the comparison of the Lyman 
spectrum of a man-made '^C boron-doped and that of a 
natural Type lib specimen. While the spectra are strik¬ 
ingly similar even in minutest detail, the spectral lines of 
the acceptors in the '’c diamond are unambiguously 
shifted by 3.1 to 11.8 cm"' to higher energies. Since the 
acceptor in both natural and '^C diamonds is boron, the 
small shifts strongly indicate that the acceptor states 
experience a central cell correction in '’C diamond 
larger than that in the natural diamond. We thus have a 
remarkable example of central cell corrections for the 
same substitutional acceptor but located in a host dif¬ 
fering merely in its isotopic composition. 

When the infrared Lyman spectrum of the boron ac¬ 
ceptors is studied as a function of temperature, new 
transitions appear at higher temperatures. The new lines 
can be ascribed to transitions originating from a higher 
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Figure 5. a, The Isipjn) —> i.i(pin) Raman transition of boron ac- 
ceptors in a man-made Type lib diamond with natural composition, 
recorded in backscattering along [001]. b. The polarization features 
of the A' Raman line of a natural Type lib diamond in back- 
scattering along_ zll[00]]. The incident light is polarized along 
yii[110] or /ll[110] and the scattered analysed along x' or y' (refs 8 
and 9). 



Figure 6. Comparison of the intensities of the Brillouin components 
(TA and LA), the A" line, and the zone center Fjg optical phonon at 
oj{) in a natural Type lib diamond, recorded in the right-angle scatter¬ 
ing geometry x'(zz + zjc')y' (refs 8 and 9). 

thermally populated, ground state 2 MeV above 
the lower ground state responsible for the Lyman spec¬ 
trum in Figure 4. Indeed, the ground state of the ac¬ 
ceptor bound hole is expected to show a spin-orbit 
splitting, A', into ls(py 2 ) and ls(pi/ 2 ) corresponding to A 
of the valence band. It can be shown that the 
^^ipsn) ls(p-i/ 2 ) transition is Raman active. Motivated 
by this prediction, we investigated the Raman spectrum 
of the boron-doped, isotopically-controlled diamonds^. 

The electronic Raman spectrum of a man-made, 
boron-doped diamond of natural composition studied as 
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a function of temperature is shown in Figure 5 a. A 
new Raman line emerges as the temperature is 
decreased below -150 K. The position of the line, 
16.7(1) cm"^ = 2.07(1) MeV at 5.0 K, is entirely in 
agreement with that expected for the Raman active A' 
transition. Its disappearance at the elevated tempera¬ 
tures is obviously due to the thermal ionization of the 
boron acceptors, combined with its increased linewidth. 
Occurrence of the A' line as a Stokes/anti-Stokes pair 
and its appearance with the same shift when excited with 
different laser lines established that it is indeed a Raman 
line. The polarization characteristics of the A' Raman 
line, shown in Figure 5 b for backscattering, demonstrate 
that the corresponding polarizability tensor is predomi¬ 
nantly r 5 in character, a feature fully substantiated 
by our calculations. The A' line in boron-doped 
diamond occurs at 16.2(1) cm“* = 2.01(1) MeV at 
5.0 K, once again highlighting the small, but spectro¬ 
scopically accessible, effects of isotope-related self¬ 
energy shifts. 

The Raman spectrum of natural Type Ilb diamond at 
5,0 K displayed in Figure 6 shows the Stokes/anti- 
Stokes pair of the A' line as well as the transverse (TA) 
and longitudinal (LA) Brillouin components, and the 
Stokes-shifted zone center optical phonon (cuo). From 
the spectrum of the Raman lines of different origin, re¬ 
corded under identical conditions, it has been possible 
to calibrate the intensities of A' and 0 )q and hence their 
absolute scattering cross-section. 
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We report Raman study of ultra thin Ge films using 
interference enhanced Raman scattering which uses 
a trilayer structure of Al, Ce02 and crystalline Ge 
films. The use of Ce02 allows the growth of crystal¬ 
line Ge films at relatively low substrate temperatures 
(300°C). With a decrease of Ge film thickness, the 
Raman line exhibits an increased red shift of the 
peak position and line broadening. The latter can be 
quantitatively explained on the basis of phonon con¬ 
finement in the growth direction. Raman spectra of 
the 2 nm and 4 nm thick Ge films show shoulder at 
-280 cm"^ which could be attributed to surface pho¬ 
nons. The changes in the Raman shift as a function of 
thickness showed that the films were compressively 
strained up to a thickness of ~7 nm beyond which the 
strain is released. 


Semiconducting low-dimensional systems are attract¬ 
ing a lot of interest due to their novel behaviour arising 
from quantum size effects on electronic and vibrational 
states Properties of these structures are very sensi¬ 
tive to their microstructure, crystallinity, composition 
and nature ot the interfaces. A variety of experimental 
techniques are being employed for their characteriza¬ 
tion, Among them, Raman scattering has proved to be a 
powerful probe in their characterization as well as to 
understand electron-phonon interactions^’^. Raman 
scattering can probe the structure, degree of crystallin¬ 
ity, composition, strain and quality of interfaces. Raman 
studies of semiconductor superlattices have revealed a 
number of interesting phenomena such as interface 
modes^ confined optical phonons’® and folded acoustic 
phonons^’. For example, our studies’® had shown that in 
GaAs-AlAs superlattices, the confined longitudinal op¬ 
tical Raman phonons created via either deformation po¬ 
tential or Frohlich electron—phonon interaction are 
different. Resonance Raman scattering from these super¬ 
lattices also revealed interface phonons which have fre¬ 
quencies close to the optical phonons of bulk GaAs and 
AlAs. In situ Raman monitoring of thin film growth has 
shown band bending during the formation of het- 
erostruc^ture’^, order-disorder transition during the film 
growth’'^ and reaction in compound semiconductors 
In the simplest picture’^’’^; the phonon wave functions 


are confined in a nano crystal or thin films, while retain¬ 
ing the bulk dispersion relations. This confinement re¬ 
sults in the breakdown of wavevector selection rules and 
hence the Raman line is asymmetrically broadened and 
is red-shifted (if the phonon frequency cu is a decreasing 
function of q) or blue shifted (it o) is an increasing 
function of q). In earlier theoretical description’® of 
phonons of a nanocrystal using classical dielectric 
model, the phonon amplitude is coupled to the electro¬ 
static potential via the Frolich interaction, but phonon 
dispersion is neglected. The use of spherical boundary 
condition results in confined longitudinal and surface 
eigenmodes. Recently, Roca et included the dis¬ 
persion of phonons in their theory of vibrational modes 
of a nanocrystal together with the appropriate mechani¬ 
cal as well as electromagnetic boundary conditions. 
Their prediction of coupling of the optical longitudinal 
and transverse modes was recently verified in Raman 
scattering of PbS nanocrystals with radii of 2 nm (ref. 
21 ). Such confinement-induced changes in the Raman 
spectra as well as Raman characterization of growth and 
interfaces of ultra thin films have not been sufficiently 
investigated, This is because conventional non-resonant 
Raman backscattering of ultra thin films and their inter¬ 
faces have two serious limitations: (a) The intensity of 
the scattered light from ultra thin films and the inter¬ 
faces intermixed to a few atomic layers may be less than 
the detection limit; (b) A lower penetration depth of the 
exciting visible light can prevent the investigation of 
deep buried layer interfaces. However, the first limita¬ 
tion has been overcome to a great extent using an optical 
interference technique termed as Interference Enhanced 
Raman Spectroscopy (lERS)^^’^'’. 

lERS is basically an anti-reflection structure consisting 
of three layers as shown in Figure 1. Using this trilayer, 
more amount of light can be trapped in the ultra thin 
layer to be studied (as well as in their interfaces) of 
thickness less than the penetration depth of the incident 
light. In this multilayer structure, three different optical 
functions can be illustrated: (i) The bottom layer is a 
reflector (normally Al) for the exciting laser wavelength 
(2), (ii) the second layer above that is a transparent di¬ 
electric film (normally Si 02 ) which introduces the re¬ 
quired phase shift (hence also called as phase layer) and 
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Figure 1. Schematic liiagram of trilayer structure. 



Figure 2. a. Calculated optical reflectance of the trilayers with vari¬ 
ous Ge/CeOa thickness combinations, b. Calculated values of mini¬ 
mum reflectance as a function of Ge film thickness for optimal 
thickness of CeOi- c, Optimal thickness of Ce02 phase layer as a 
function of Ge film thickness. 


(iii) the ultra thin absorbing layer(s) to be investigated 
is(are) grown over the dielectric film. In this structure, if 
the sum of the optical thickness of the dielectric layer 
and the absorbing layer(s) is equal to A/4, then an effec¬ 
tive antireflection condition is achieved. Since the base 
layer is a good reflector and the absorption of the dielec¬ 
tric layer is negligible, most of the incident light is ab¬ 
sorbed in the ultra thin layer(s) (as well as in their 
interfaces), enhancing the Raman signals manyfold. 
Amongst the semiconductor ultra thin films studied by 
lERS are amorphous Si (a-Si:H) (ref. 24), a-Ge (ref. 25) 
and the formation of silicides with titanium^^^, molybde¬ 
num^^ and palladium^^. In situ lERS studies of Bi thin 
films have revealed that thin layers are disordered while 
thicker layers are orderedIn all the earlier reports on 
lERS, fl-Si02 was used as a phase layer. We found that 
crystalline Ge (c-Ge) can be grown on top of a-SiOa 
only at substrate temperatures Ts > 300°C which leads to 
undesirable inter-diffusion of AL The growth of c-Ge 
can be achieved at a relatively low substrate temperature 
if the dielectric phase layer can also serve as a buffer 
layer. This led us to choose ceria (c-Ce02) instead of a- 
SiOi in the trilayer structure. We have earlier shown that 
crystalline films of Ce 02 (fluorite structure) can be 
grown at ambient temperatures^^. In this paper, we re¬ 
port the phonon confinement effects observed for ultra 
thin Ge films using lERS. 

Experimental details 

For a given thickness of Ge film, the thickness of Ce02 
is chosen to achieve maximum absorption (or minimum 
reflectivity) of the incident light using the matrix 
method for multilayer thin filrns^^. The values used in 
computations are the complex refractive indices of the 
crystalline bulk Ge (ref. 31) (5-?2.5), bulk Al (ref, 30) 
(0.82-i5.45) at the exciting laser wavelength of 
514.5 nm. The ceria has negligible absorption at 
514.5 nm and its measured refractive index of 2.37 has 
been used^^. Figure 2 a shows the calculated reflectivity 
at 514.5 nm of the trilayer structure as a function of the 
Ce02 film thickness for given thicknesses of Ge. The 
chosen Ge thicknesses are 2,4, 7 and 10 nm. It can be 
seen that for Ge layer thickness of 2 nm, the reflectivity 
of the trilayer at 514.5 nm is minimum for a Ce02 film 
thickness of 33 nm. For various chosen Ge film thick¬ 
ness, the calculated minimum reflectivity of trilayers 
constructed with optimal Ce 02 film thickness are plotted 
in panel b. Figure 2 c shows the required optimal thick¬ 
ness of the CeOa films. Guided by these results, the tri- 
layer samples of Al/Ce 02 /Ge were prepared as follows 
(A) Al/330 A CeO 2/20 A Ge, (B) Al/260 A Ce 02 / 40 A 
Ge (C) A1/165A CeOa/TO A Ge (D) Al/IOOA 
CeOa/lOO A Ge. The films of Ce02 and Ge were depos- 
ited by argon ion beam sputter deposition (IBSD) onto 
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an aluminum coated glass substrate prepared separately 
by evaporation. The details of the IBSD are discussed 
elsewhere^l Briefly, the ceria films were sputtered at a 
total Operating pressure of 0.02 Pa from a stoichiometric 
Ce 02 target including the oxygen partial pressure of 
0.01 Pa, The rate of deposition of Ce02 was 0.5 A/s. 
The target used for the preparation of the Ge films was a 
2 " diameter single crystal of (111) Ge with purity of 
99.999%. The films were deposited at an argon pressure 
of less than 0.003 Pa with the rate of deposition of 
0.26 A/s. Thickness of the films were estimated based 
on the calibrated rate of deposition using a Talysurf 
(Rank Taylor Hobson Ltd.) and the X-ray reflectivity 
study"*^. The substrate temperature, varying from ambi¬ 
ent to.300°G, was controlled with an accuracy of 5°C. 

Raman measurements were carried out at room tem¬ 
perature in near backscattering configuration using the 
514.5 nm line of an Ar^ ion laser at a low power of 
--2 mW in order to avoid the local heating of the sample. 
A Dilor XY spectrometer equipped with a liquid nitro¬ 
gen cooled CCD detector was used to collect the signal. 

Results and discussions 

Figure 3 shows the lERS spectra of Ge films of thick¬ 
ness d = A nm deposited as a function of substrate 



Figure 3. lERS of Ge films of 4 nm thickness as a function of sub¬ 
strate temperatures. , 



---*--->-'-1-1-1-1_ J » ■ 

225 250 275 300 325 350 375 


Raman shift ( cm ') 

Figure 4. Raman spectra of single layer and trilayer for different Ge 
film thicknesses. 


temperatures T^. It can be seen that the film deposited at 
60 C shows a broad band at 274 cm~^ characteristic of 
amorphous Ge (ref. 33). At Ts = 150°C, the deposited 
film shows a similar broad band at 277 cm"^ together 
with a peak at 299 cm \ indicating the coexistence of 
amorphous and crystalline phases of Ge. Pure crystalline 
films were obtained when T, = 225°C and higher as in¬ 
dicated by their sharp Raman spectra in Figure 3. The 
measured full width at half maximum FWHM(r) were 
10 cm*"^ and 8.2 cm'‘ for the films deposited at 225T 
and 300°C, respectively, implying that the film depos- 
ited at 300°C is better in terms of order and homogene- 
ity. Figure 4 brings out clearly the enhancement of the 
Raman signal due to the trilayer structure for the films 
deposited at 300°C, with respect to the Ge films of same 
thickness coated under identical conditions on Ce 02 but 
without the A1 film. Table 1 lists the enhancement factor 
with respect to the bulk Ge[(100)face] as well as with 
respect to layer of Ge of the same thickness without 
IFRS structure. For films of thickness of 2 nm, the Ra- 
man signal without the A1 layer is negligible and hence 
the enhancement, though not quantified, is rather large. 
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Figure 5. Thickness dependent Raman spectra (lERS) of the Ge 
films deposited at T, = 225°C (a) and Ts = 300°C {b). Also shown 
line in ib) is the calculated Ici(o) (eqn. (1)). The calculated curves 
were shifted in frequency to match the observed peak position. 


Table 1. Enhancement factor of lERS signal 


Thickness 

(A) 

Enhancement 
w.r.t. bulk 

Enhancement 
w.r.t, thin film 

20 

8.5 


40 

, 25 

65 

70 

30 

39 

100 

26 

31 


Figure 5 a and b show the Raman spectra of c-Ge films 
of thickness 2, 4, 7 and 10 nm deposited at = 225°C 
and 300°C. Also shown for comparison is the Raman 
spectra of bulk Ge(lOO) single crystal. Figure 6 shows 
the dependence of peak shift dco = a)(film) — cd(Bulk) 
and r on the film thickness. The origin of the line 
broadening and shift as shown in Figures 5 and 6 can be 
due to the confinement of the phonon in the growth di- 
rection^^’^^. It has been shown that the Raman line shape 
arising from the phonon confinement is given by^^ 



Figure 6. Peak shift dco - cunim - ^Wbuik FWHM (F) as a function 
of Ge film thickness. Measured values are shown by open circles 
(Ts =225^’C) and closed circles (T = 300°C). The lines show the cal¬ 
culated values based on a>(g) for LO, TOi and T02 modes of bulk 
Ge. The inset shows the phonon dispersion curves for three phonon 
branches. 


IC(0,<?)P = exp| 






( 2 ) 


for thin slabs of thickness L. It is not clear as to what 
type of phonon (e.g. longitudinal or transverse) disper¬ 
sion should be used for o (q). We have, therefore, calcu¬ 
lated /c(a)) using the co(q) for TOI, T02 and LO in 
(111) orientation. The measured dispersion of co as a 
function of q by neutron scattering^"* was well fitted to 
an empirical equation based on a one-dimensional linear 
chain model'^*\ 



\C(Q,q)\^dq 
[a)-(o(q)f + (r/2f ’ 


( 1 ) 


where IC(0, q)?' is the Fourier coefficient of the phonon 
confinement function, (o(q) is the phonon dispersion 
assumed to be the same as for the bulk Ge and Fq iS the 
inverse lifetime of the phonon in bulk material. 

Taking the confinement to be along the growth direc¬ 
tion and the confinement function to be Gaussian*^ 


= A + [A^-'B[l~cos(jr<y")]]*'^^, (3) 

where ^ is expressed in units of n/a = lattice 
constant = 5.64 A for Ge), A = 4.5 x 10"* cm 

i9 = 3.55 X 10TOI), 5.9 X 10^ cm'"*TO2) and 

9.5 X lO^cm""* LO) modes and a = 0.68 (TOI), 0.71 
(T02) and 0.62 (LO). 

The dispersion relations along (111) orientation for the 
three modes are shown as inset in Figure 6. For To we 
have used the measured FWHM of 6.5 cm * for the 
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Figure 7. Measured Raman spectra of 2 nm thick Ge films grown at 
Ts = 300°C. Icio) (shown by dotted line) is due to confined optical 
phonon and /l(<u)-( shown by dash) is due to the surface phonons. 
The full line shows a sum of [c(cd) and 

bulk Ge which includes broadening due to the instru¬ 
mental resolution. The values of dco and T were ex¬ 
tracted from the calculated and are plotted in 

Figure 6, together with the measured values for the Ge 
films grown at 225°C and 300°C. 

It is seen that the calculated T using a}(g) of the LO 
mode is very close to the observed values, whereas there 
is considerable difference between the calculated and 
observed dco. This difference can be attributed to a con¬ 
tribution arising from the strain in the film (to be dis¬ 
cussed later). Now we come to the detailed comparison 
of the observed line shape (T, = 300°C) with the calcu¬ 
lated one using eqs (1-3) (with (o(q) for the LO mode 
and ro= 6.5 cm“^). Since the peak shift can also arise 
from the strain, the calculated Idco) was shifted so as to 
match the peak positions. Figure 7 shows the compari¬ 
son of the Raman spectrum of the Ge sample of thick¬ 
ness 2 nm grown at T, = 300^^0 with the calculated I^iq). 
We observe a significant deviation between the experi¬ 
mental data and Idq) on the lower frequency side, simi- 
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lar to the earlier reports^’''^^ The observed line shape can 
be well fitted (solid line) by a sum of 1 ^( 0 )) (dotted line) 
and a Lorentian 4(ft)) (dashed line) centered at 
-280 cmf^ The origin of the latter will now be dis- i 

cussed. In their study of co-sputtered Ge microcrystals, \ 

Fuji et al?^ have argued that the broad Raman band ob- I 

served at - 280 cm”^ is from the disordered surface lay- i 

ers of microcrystals. Sasaki and Horie^^ have carried out j 

resonant Raman study of phonon states in gas evapo¬ 
rated Ge particles. Their deconvoluted spectrum could 
be decomposed into four Gaussian shaped lines. It was 
suggested that the line at ~280 cm“’ can arise from a-Ge 
or nanoparticles of 1 to 2 nm or the Ge with structure j 

different from the diamond lattice. Gaisler et have ! 

also observed an additional band on the low frequency ) 

side in the Raman spectra of bulk Ge crystal at 77 K and ^ 

have assigned this to the vibrations of atomic layers near 
the surface. In our study, the deviations in the line shape 
between the observed and the calculated /c(cu), seen on I 

the low frequency side, reduced as the Ge film thickness ! 

was increased (Figure 5 h). Since the deposition condi- | 

tions were the same, we infer that the additional mode at 1 

—280 cm ^ could not be attributed to «-Ge or structure | 

other than the diamond lattice. We, therefore, attribute I 

this mode to the surface phonon states. The increase in 
deviation between the obtained data and h(o)) on low 
frequency side with decreasing Ge thickness arises from 
the increased surface area to volume ratio. 

As far as the variation of d(x> with film thickness is 
concerned (Figure 6), we first compare the bulk and the 
films deposited at 300°C. As noted before, the observed 
variation of dco as a function of thickness does not agree | 

with the calculated line shift based on the phonon con- j 

finement. We note that the calculated dco (using LO dis- j 

persion) is higher than the experimental values for all ] 

the samples of different thicknesses, indicating that the I 

films are under compressive strain. The origin for such i 

strain is the lattice mismatch between Ge (lattice con¬ 
stant =5.64 A) and Ce 02 (lattice constant = 5.41 A) 
which can be as large as 4.5%. The films have been de- | 
posited at 300°C and the difference in thermal expansion 
coefficients can also induce thermal strain. This will be j 
of tensile nature and hence will compensate to some 
extent the above referred compressive strain. Fuji et 
al.' studied thermal annealing effects on Ge microcrys- 
tals embedded in Si 02 matrix and observed more blue 
shift for smaller microcrystals. The magnitude of the | 
blue shift was reduced with the increase of the crystallite | 
size. It was argued that it may be because of compres¬ 
sive strain due to the difference in nearest neighbour 
distances between Ge-Ge and Si-0. | 

The frequency shift dco of a single vibration of fre- % 
quency co^ induced by the strain is given by^^, f 

dco = {pf2co,)e,, + (ql2co,)(e^, + (4) 
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where the phenomenological parameters for Ge (refs 39, 
40) are p = 1.328 X 10^ cm"^ = -1.741 x 10^ cm“^ 
and E// is the strain component and cDq = 301.6 cm'■^ For 
a strain =-4.5%, eq. (4) gives the calculated blue shift 
((5a)) as 17.5 cm"‘. Cerdeira et have indeed ob¬ 
served a large frequency shift in MBE grown 
superlattices and the frequency shift increased nearly 
linear with the composition x or the strain. Sutter et 
have observed a shift of +14 cm“^ in first order LO line 
of SiJG&n superlattices. In our case the obtained shift 
attributed to the strain is much less than 17.5 cm“\ indi¬ 
cating that the films are relatively less strained than 
4,5%. This can be due to the incoherent polycrystalline 
growth of Ge on polycrystalline ceria. The change in dco 
as a function of thickness showed that the films were 
compressively strained up to a thickness of ~7 nm be¬ 
yond which the strain is released. Therefore, the ob¬ 
served variation in dcD should be due to the combined 
effect of both phonon confinement and strain. 

In summary, ultra thin crystalline Ge films have been 
studied using lERS as a function of film thickness to 
understand confinement-induced changes in Raman 
spectral The conventional phase layer of a-SiOi has 
been replaced by crystalline ceria in order to grow 
crystalline Ge at relatively low substrate temperatures. It 
is found that pure crystalline films are grown at sub¬ 
strate temperatures of 225°C and higher. The observed 
Raman line shape was explained based on the phonon 
confinement together with an additional Raman mode at 
280 cm“^ attributed to the surface phonons. The Raman 
peak position has contributions arising from the phonon 
confinement and lattice mismatch strain. Using lERS we 
have also studied in situ monitoring of Ge ultra thin lay¬ 
ers and the growth of Ge/Si and Si/Ge with and without 
a surfactant layer"^^, showing that lERS is a powerful 
method in studying vibrational fingerprints of ultra thin 
semiconducting films. 
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Resonance Raman (RR) spectroscopy is normally 
used to study the excited state structure and dynam¬ 
ics of various photochemical and photophysical proc¬ 
esses. In this article, we briefly discuss the various 
applications of RR spectroscopy and shove how ex¬ 
perimental RR intensities along with time-dependent 
wavepacket dynamical calculations can be used to 
study the excited state structure and ultrafast dy¬ 
namics (~ 10“^^ secs). 


1. Introduction 

With the availability of tunable lasers, resonance Raman 
(RR) spectroscopy has become a widely-used technique 
to probe the structure and dynamics of short-lived ex¬ 
cited state intermediates of various photochemical and 
photophysical processes^"^^ Although electronic spec¬ 
troscopy is also useful in providing information about 
lifetime and decay rates of the excited states of poly¬ 
atomic molecules, it often lacks vibrational mode- 
specific information due to its unresolved and unstruc¬ 
tured envelope, in the condensed phase, at room tem¬ 
perature (RT). Thus, in order to extract valuable excited 
state structural information present in the molecule, RR 
spectroscopic technique is normally used. 

Under pre-resonance or resonance conditions, i.e. 
when the excitation energy approaches or coincides with 
a particular electronic transition of the system under 
investigation, the RR spectra show enormous intensity 
enhancement which contain information about the ex¬ 
cited state potential energy surface and hence, in turn 
can dictate the initial dynamics of nuclear motion in the 
Franck-Condon (FC) region. Such dynamical processes 
can be intuitively understood through time-dependent 
quantum (wavepacket) dynamics. Figure 1 illustrates 
harmonic ground (S^) as well as excited (SO potential 
energy surfaces along a normal coordinate, where Si is 
displaced relative to S^ by an amount A. In the figure it 
is shown that using different excitation energies, viz. Eu 
El ^nd (wher.e, E] > E 2 > £’ 3 ) we can probe various 
regions of the Franck—Condon potential energy surface. 
Thus, the region of maximum FC overlap (marked b in 
the figure) represents the maximum of the absorption 
band and the region marked a and c represent the region 
of moderate FC overlap and hence, moderate absorption 


in the electronic absorption spectrum. Since the reso¬ 
nance Raman intensities are governed by the FC factors 
(vide infra)^ an analysis of the observed Raman intensities 
of each vibrational mode for different excitation wave¬ 
lengths can provide mode-dependent dynamical informa¬ 
tion. Therefore, the distortions that the molecule undergoes 
following photoexcitation from ground to resonant ex¬ 
cited electronic state, within the electronic dephasing 
time scale can easily be monitored using this technique. 

Wavelength dependence of the Raman scattering in¬ 
tensity, viz. Raman excitation profiles (REPs) provide 
information on the origin of RR intensities and also the 
dynamics associated with the resonant excited 
state*’^’^’^*'’’*^. Qualitatively, if the vibrational modes are 
FC active in the resonant electronic state, then the Ra¬ 
man intensities are enhanced for these modes due to A-term 
Raman scattering*^ Therefore, the REPs of these vibra¬ 
tional modes are expected to follow the absorption spectral 
profile of the electronic state to which the resonance exci¬ 
tation is carried out. The REPs thus, carry mode-specific 
information about the excited state potential energy surface 
in the FC region. The knowledge of absolute Raman in¬ 
tensities are essential in order to provide a complete charac¬ 
terization of the excited state potential energy surface, 



Figure 1. Schematic representation of Franck-Condon factors being 
a measure of the absorption cross section. 
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ultrafast dynamics and to know the extent of homogeneous 
and inhomogeneous broadening contributions. 

The structural distortions in the excited electronic state 
can also be studied using time-resolved resonance Ra¬ 
man (TR^) scattering^®"'^'* where a pump pulse is used to 
initiate the photochemical process. It is then followed by a 
probe pulse which is normally used to obtain the time- 
resolved resonance enhanced Raman spectrum of a transient 
intermediate. Thus, the conformational dynamics and decay 
kinetics of excited electronic states can be examined on the 
time scales of hundreds of femtoseconds to nano or milli¬ 
seconds. Dynamics occurring in the range of tens of femto¬ 
seconds cannot be studied using this technique due to the 
limitation resulting from broad spectral band width of the 
laser pulse (dictated by the Uncertainty Principle). These 
processes can, therefore, be studied using RR intensity 
analyses which provide a means of probing the initial ex¬ 
cited state dynamics of photochemically active systems. 

In this review, we begin with §2, describing the ex¬ 
perimental technique generally used to measure reso¬ 
nance Raman intensities. In §3, we present the 
theoretical and computational methods used to carry out 
RR intensity analyses with brief outline on the effect of 
resonance and pre-resonance interference, solvent pertur¬ 
bation, etc. Finally, in §4, we present applications of RR 
intensity analyses and we report our results obtained using 
the time-dependent quantum mechanical (TDQM) tech¬ 
nique on the isomerization dynamics of azobenzene 
and some preliminary results on 4 -dimethylamino, 4'-nitro- 
azobenzene (DA) which undergoes intra-molecular electron 
transfer reaction in the excited electronic state. In order to 
give an overview of the use of RR spectroscopy in 
studying chemical dynamics, we have reported mainly 
results obtained by us and a few from the literature. • 

2. Experimental methods 

Absolute Raman intensity measurements are difficult but its 
knowledge is essential, since these in relation to absorption 
cross section help in partitioning the total vibronic line- 
widths into homogeneous and inhomogeneous compo- 
nents^^^'^ The determination of absolute Raman cross sec¬ 
tions often depend on the availability of Raman intensity 
standards with known Raman cross sections for the excita¬ 
tion wavelength range of interest. The availability of com¬ 
mercial optical parametric oscillator (OPO) has enabled a 
simple? method of determining the absolute Raman intensi¬ 
ties utilizing the measurement of integrated intensity ra- 
tios^^, « 

The excitation wavelengths for the RR experiments in 
the visible region, viz. 440 to 600 nm were scanned us¬ 
ing a tunable laser pulse output from an OPO (MOPO 730, 
Spectra Physics), pumped by a Nd-YAG las.er (OCR 250, 
Spectra Physics) providing a high energy laser pulse of 
wavelength 355 nm. For the pre-resonance Raman experi¬ 


ments, the third harmonic output (355 nm) of a Spectra 
Physics DCR-11, Nd-YAG Q-switched laser, the first 
Stokes (416 nm) and second anti-Stokes (369 nm) hydrogen 
Raman shifted laser lines and the first Stokes methane Ra¬ 
man shifted laser line (396 nm) were used as excitation 
wavelengths, A SPEX 1404 double monochromator with 
two 600 groove gratings blazed at 500 nm was used to dis¬ 
perse the scattered light. A liquid nitrogen cooled charge 
coupled device (Princeton Instruments) with 576 x 378 
pixels was used as the multichannel detector. The recorded 
Raman spectra were calibrated using known solvent 
bands as reference and the spectral resolution is esti¬ 
mated as 5 cm"‘. Depolarization ratios (p) of the Raman 
bands were determined by using a polarizer in combination 
with a scrambler. The solutions of ?m« 5 -azobenzene in car¬ 
bon tetrachloride (CCI4) and 4 -dimethyl amino, 4'-nitro- 
azobenzene in CCI4 and benzonitrile (C6H5CN) were circu¬ 
lated through a capillary at the rate of about 10 ml/min to 
avoid photo-isomerization or local heating during exposure. 
The re-absorption of the resonance Raman scattered light 
by the sample was minimized by using a 180° backscatter- 
ing collection geometry. The sample concentrations used 
for Raman experiments were about 5 X 10”^ M for trans- 
azobenzene and 1 X 10"^ M for 4-dimethylamino, 4'-nitro- 
azobenzene. The relative Raman intensities were obtained 
after normalization of the spectra with a solvent band^^’^^ 
(CCI 4 doublet at 761 and 792 cm^^ or, C 6 H 5 CN band at 
1000 cm-^ 

3. Theory of resonance Raman scattering 
intensities 

3,L Sum over states method 


In the sum over states method, the resonance Raman 
amplitude in the energy frame, for the transition from 
the initial state lz> to the final state \f> (where li> and \f> 
correspond to the initial and final vibrational eigenstates 
of the electronic ground state) in an isolated polyatomic 
molecule under the Born-Oppenheimer approximation, 
can be described by the Kramers-Heisenberg-Dirac 

• 29 30 

(KHD) dispersion expression ’* . 


V 


(/IvXvIO 

E^-Ei + E^-Ei^-iT' 


( 1 ) 


where, Eq is the energy separation between the zeroth 
vibrational levels of the ground and the excited elec¬ 
tronic states, Ey the energy corresponding to the vibra¬ 
tional state Iv) of the excited electronic state and Ei the 
zero-point vibrational energy of the ground electronic 
state. M, the electronic transition moment connecting the 
ground and excited electronic states is a function of the 
nuclear coordinate (g) and can be expanded into a 
Taylor series about the equilibrium position (Herzberg- 
Teller expansion) as follows: 
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M(0 = Mo + 2 




qj+.. 


( 2 ) 


Substituting the value of M in the expression for Raman 
transition polarizability, we get 




(3) 


where A and B represent Albrecht A- and B-term contribu¬ 
tions to the Raman transition polarizability. Under the reso¬ 
nance condition, the A-term polarizability for the totally 
symmetric modes is of greater significance and higher 
magnitude than the B-term polarizability. Hence, in this 
review, we restrict ourselves only to the A-term resonance 
Raman scattering, which depends on the following factors: 

1) The transition dipole moment, M (coordinate de¬ 
pendence of M is assumed to be negligible as 
compared to M evaluated at the equilibrium ge¬ 
ometry), 

2) The product of the vibrational overlap integrals 
(Franck-Condon factors), (f\v) and (vli), 

3) The energy denominator as given in eq. (1) that 
corresponds to the difference in the excitation en¬ 
ergy and the energy gap between the ground and 
excited electronic states, and 

4) The homogeneous broadening term, T, which is 
related to lifetime in the excited electronic state. 

Thus, resonance Raman scattering has appreciable 
magnitude when the transition from ground to excited 
electronic state is electric-dipole allowed and the exci¬ 
tation wavelength is in resonance with a strongly- 
allowed absorption band. Moreover, the vibrational 
overlap integrals, (/Iv) and (vli)- are non-vanishing if 
there is a change in the frequency upon excitation from 
the ground to the excited electronic state for any vibra¬ 
tional mode (i.e., resulting in change in shape of the 
potential energy surface from ground to the excited elec¬ 
tronic state) or, if the excited state potential energy mini¬ 
mum is displaced relative to the ground state along any 
normal coordinate. Thus, large distortion along any normal 
coordinate, viz. changes in bond length, bond angle, etc. 
lead to significant resonance Raman amplitude for that co¬ 
ordinate, which in turn results in very high resonance Ra¬ 
man intensities. Hence, the displacements or distortions 
along the vibrational coordinate can be related to the 
resonance Raman intensities for that vibration. 

The resonance Raman cross section, which is propor¬ 
tional to the product of the transition polarizability a-,^f 
and its complex conjugate, can be expressed as. 




9^V 


y (/lv)(Hi) 

Y Ei+ Eg — E]^ — iT 


(4) 


where, e is the charge of the electron, c the velocity of 
light, fi=h/2% (h being Planck’s constant), and Es is 
the energy of the scattered photon. Here E^^, Es, Eg, E„ 
Ey and T are in cm"', M is in A, and ai.^f in AVmolecuie. 
Evaluation of the resonance Raman cross section using 
the sum over states approach involves summing over all 
the vibrational levels of the resonant electronic state. 
This method, therefore, requires knowledge of all the 
eigenstates in the excited state surface, which is there¬ 
fore almost intractable for polyatomic molecules. 

In the sum over states method, the absorption cross 
section can be expressed as 

3hcn ^n{E,,-E,+Eg-EO'^+T^' 

(5) 

where n is the refractive index of the solution. The ab¬ 
sorption cross section depends on almost similar factors 
as the Raman transition amplitude. 


3.2. Time-dependent method 


The time-dependent theory of Raman scattering^^ has an 
advantage over the sum over states method, in that 
knowledge of all the eigenstates in the excited surface is 
not required. Further, time-dependent approach devel¬ 
oped by Heller^^ provides a physical picture of the dy¬ 
namics in the resonant excited electronic state. In the 
time-dependent picture, the energy denominator in eq. 
(4) is replaced by an exponential function and the reso¬ 
nance Raman cross section^^ is expressed as a half- 
Fourier transform of^the correlation function (/l/(0), 






9rc 




j(/|i(0)exp + 


dr 


( 6 ) 


where \i(t)) is the evolving wavepacket on the excited 
electronic surface, at various intervals of time, under the 
influence of the excited state Hamiltonian, //^x 

|i-(0) = expj^-5^j|i), (7) 

where exp(-i//exrM) is the time-evolution operator. 
The time-evolution of the wavepacket is carried out us¬ 
ing the grid technique^^’^^ as discussed in detail else¬ 
where^’®. 

The expression for the absorption cross section^^ in 
the time-dependent formalism is expressed as follows: 
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on cn 


j(i|i(f))exp 


i{E^ + E^t r|t|' 

ft ft 


( 8 ) 


dt. 


In eqs (6) and (8), the dynamical information is con¬ 
tained in the correlation functions, {f\i(t)) and It 

can be illustrated schematically as shown in Figure 2. 
The initial wavefunction h'), corresponding to the zeroth 
vibrational level in the ground electronic state is trans¬ 
posed by the exciting laser (£:l) to the electronically- 
excited state. For simplicity, we have shown one di¬ 
mensional potential energy surface representing a nor¬ 
mal coordinate. But in reality, polyatomic molecules 
have various vibrational degrees of freedom, so the po¬ 
tential surfaces for all the Franck-Condon active modes 
need to be considered which would result in a compli¬ 
cated multi-dimensional potential energy surface. Thus, 
at zero time, the excitation source instantaneously pro¬ 
motes the molecule from the ground to the excited elec¬ 
tronic state. The wavepacket generated in the excited 
electronic state (Si) is a coherent superposition of sta¬ 
tionary states, each multiplied by their phase factors. 
This transposed wavepacket is not an eigen function of 
the excited state Hamiltonian, and hence under its influ¬ 
ence, it begins to move in the excited state surface. The 
overlap of the time-evolving wavepacket \i(t)) with the 
initial wavepacket \i> gives the autocorrelation function, 
{i\i(t)) and with the final wavefunction, I/) gives the Ra¬ 
man correlation function, (f\i(t)). At zero time, the 
wavepacket along all coordinates are in phase but soon 
they lose their phase relationship. The Fourier transform 
of the autocorrelation function gives the absorption 
spectrum and square of the half Fourier transform of the 


Raman correlation function gives the Raman excitation 
profile. The experimental factors used to compute REPs 
involve the integrated intensities and the vibrational 
frequencies corresponding to each Raman fundamental. 
The integrated intensities under short-time approxima¬ 
tion is expressed as /r <>= where A and a> are the 

dimensionless displacement and the frequency in wave- 
numbers, respectively. The dimensionless distortions in 
the excited state when converted to internal coordinates 
give an estimate of the real time dynamics in excited 
electronic state. Therefore, by computing the REPs and 
the absorption spectrum, one can learn about the struc¬ 
tural and chemical dynamics in the excited electronic 
state^’^'^^ 

3.3. Effect of interference 

On photo-excitation to a particular electronic level, it is 
assumed in general, that the enhancement in resonance 
Raman intensity arises solely due to the resonant elec¬ 
tronic state (A-term) and hence the REPs follow the 
electronic absorption band profile. But in practice, oc¬ 
casionally, there is decrease in Raman intensities as the 
excitation wavelength approaches the absorption 
maxima. Such a de-enhancement ’ " in resonance 
Raman intensities may arise due to the interference from 
an electronic state with that of the resonant excited state. 
The effect of interference depends on various factors 
such as the energy difference between the resonant and 
interfering state, the transition moments of the two elec¬ 
tronic states, nature (spin state, symmetry and polariza¬ 
tion) of the two states involved and the vibronic 
coupling between them. 

The effect of interference from the pre-resonant elec¬ 
tronic state^^'^^^can be approximated as follows: 



Figure 2. Schematic representation of wavepacket propagation in 
resonance Raman scattering. 


(Tr(£l,£s) = -Bl 4{^ pre} > (9) 



eI+eI 

{v} 

{El-Elf ^ 


where Eq is the energy of the resonant electronic state 
and K is the coupling strength. 

In this review, we consider only two extreme possi¬ 
bilities of resonant and pre-resonant interference. One, 
in which both resonant and pre-resonant terms contrib¬ 
ute to aj_, which occurs when both the excited electronic 
states are polarized along the same direction. Here, the 
depolarization ratio (p) is constant (~l/3) and is inde¬ 
pendent of excitation wavelength and the Raman cross 
section resulting from resonance and pre-resonance in¬ 
terference'^^ is as follows: 
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. _ Raman cross section for the transition |i) |f) is given 

by. 


where apx& is related to Apre term by the following ex¬ 
pression: 


0'R,i->f(-E'L) = 


STCe^E^^E. M* 


Jd<5G((5) 


I j2 9fL^C^ {A 

rpre| {^prej • (12) 

The other possibility of interference occurs when the 
pre-resonant term contributes only to a\\ whereas, the 
resonant term contributes to i.e. both the electronic 
states are polarized perpendicular to each other. In this 
case, the depolarization ratio (p) is not a constant, in¬ 
stead it is a function of excitation wavelength"^^ and is 
expressed as 


(13) 


and thus, the Raman cross section can be described as 


I |2 4 2 2. * 

Pres| g ^pre ^ (^pre^res ^pr&^rQs) 

- 7—32 2 ;;; 7 

3|^res| 4 - ^ <^pre 3 (^pre^res 4* < 2 :pj.g(Zj.gg) 


- /rp Z? \ 8'73ffl + 2/>^ 4EqEi 

3 1 + p J 15^ c 


• ^ (^res^pre ”^^res^pre) • 


3.4, Effect of solvent perturbation 

In solution, the solute molecules are subjected to ran¬ 
dom forces arising due to their interaction with the sur¬ 
rounding solvent molecules, leading to significant line 
broadening in the absorption spectra and the resonance 
Raman intensities, which have been analysed on the ba¬ 
sis of Brownian oscillator model developed by Mu- 
kamel’s group"^^ where the solvent coordinates are 
treated as displaced harmonic oscillators that are fric- 
tionally damped to different extents. Due to stochastic 
forces^® exerted on the molecule in solution, it causes 
the energy gap between the ground and the resonant 
electronic state to fluctuate with time. The fluctuations 
of the electronic energy levels due to the influence of 
solvents are considered to have a Gaussian distribution 
and thus, can be described by the amplitude of fluctua¬ 
tion, Ds and the inverse time scale of the fluctuation, A. 
When the solute-solvent interaction is in the ‘rapid 
fluctuation’ limit (i.e. when the fluctuation in E^ is very 
fast compared to the Raman line width), the resonance 


-~git) , (15) 

where G{d) and g{t) are the inhomogeneous distribution 
of zero-zero energies and solvent induced broadening, 
respectively. In the Brownian oscillator modeI'^^ g{t) 
can be expressed as a sum of number of vibrations of the 
solvents, although the normal practice is to treat all the 
solvent degrees of freedom as one effective mode. When 
this effective mode is strongly overdamped and its fre¬ 
quency is very low compared to kT (k and T being 
Boltzmann constant and absolute temperature) which 
happens in the case of most strongly coupled solvent 
motions, g(t) assumes the form 

^ ^ ^ 

where 

A=^(^jJ^ys(2/r4-l) , (17) 


(18) 




(19) 


Wg and As being the frequency of the vibration and the 
geometry change between the ground and excited state 
potential minima in dimensionless normal coordinates 
for the solvent, respectively, / is the friction coefficient 
in units of frequency and n is the thermal average oc¬ 
cupation number of the solvent. Normally, the shift and 
broadening of the charge transfer absorption band is 
described by the total reorganization energy, 1 and 
broadening parameter D which have contributions from 
both the high frequency molecular modes and low fre¬ 
quency solvent modes. Thus, 

A = (20) 


where Ay is the intra-molecular vibrational reorganiza¬ 
tion energy and is expressed as follows: 
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0 } and A being the frequency of the vibration and the 
geometry change between ground and excited state po¬ 
tential minima in dimensionless normal coordinates of 
the solute molecule, respectively. Similarly, the total 
broadening parameter, 


pericyclic ring opening reactions, sigmatropic shifts, 
isomerization as well as electron transfer reactions. In 
this review, we give a brief account of various photo¬ 
chemical reactions studied using RR spectroscopy in 
combination with Heller’s time-dependent wavepacket 
dynamical approach^^ 

4.1. Photodissociation dynamics 




( 22 ) 


Dy = 


ni/2 


+ l) 


(23) 


n V being the thermal average occupation number of the 
molecule. The solvent reorganization energy (As) and the 
internal reorganization energies (Ay) play an important 
role in determining the rates of electron transfer reac¬ 
tions. 

Similarly, the absorption cross section for a molecule 
in solution is given as 




ixp 


i(Ei^ + Ei-E^-dy Tt 


8it) 


(24) 


For the time-dependent calculations, the assumptions are 
that there is no change in normal coordinate on elec- 
tronic excitation (no Duschinsky rotation). Moreover, 
the excited state potential surfaces are assumed to be 
harmonic, with no change in frequencies and differ from 
the ground state surface by only a constant term in en¬ 
ergy (zero-zero energy, Eq) and is displaced by an 
amount A (in dimensionless units) with respect to the 
ground state minimum. 

The displacement parameters used to fit the REPs and 
the absorption spectrum are usually expressed in terms 
of dimensionless normal coordinates. But actual atomic 
motions in internal coordinates are required in order to 
understand the structural distortions and dynamics in 
the excited electronic state. Thus, dimensionless 
normal coordinates can be converted to internal coordi¬ 
nates using the normal-mode vectors as discussed previ¬ 
ously^. 


4. Applications of RR spectroscopy 

RR intensities have been commonly used to study vari¬ 
ous photochemical processes, viz. photodissociation, 


The time-dependent picture of RR scattering has been 
successfully utilized over the recent years to gain infor¬ 
mation regarding the short-time dynamics of photodis- 
sociating molecules both in the gas phase as well as in 
solutions. Methyl iodide^\ iodine**^^, nitromethane^'\ n- 
propyl iodide^"^, ethyl iodide, isopropyl iodide, tertiary- 
butyl iodide'^^*''’'*’, diiodomethane^^’*''^, chloroio- 
domethane‘*’‘^, bromoiodomethane*"*^, triiodide anion'*"^ and 
l,l,l-trifluoro- 2 -iodoethane^^ are some of the molecules 
undergoing photodissociation, that have been studied 
using RR spectroscopy. In a recent article, Kwok et 
have studied femtosecond photodissociation dynamics 
of l,l,l-trifluoro- 2 -iodoethane in the FC region. They 
have recorded the RR spectra of l,l,l-trifluoro-2- 
iodoethane in cyclohexane solution, with excitation 
wavelength resonant to the A-band absorption (273.9, 
282.4 and 299.1 nms). They have shown that during the 
early stages (i.e, within 15 fs) of photodissociation in 
the FC region, as the C-I bond breaks, the CF 3 CH 2 radi¬ 
cal moves toward a more planar geometry about the CH 2 
carbon atom. Moreover, the C-C bond becomes longer, 
CCI angle becomes smaller, the HCH and CCH angles 
become larger and two of FCC angles (out of CCI plane) 
become larger while third FCC angle (in the CCI plane) 
becomes smaller with some motion in the FCF angles 
and C~F bond length. 

4.2. Structural dynamics 

Isomerization and pericyclic rearrangement reactions, 
including ring opening reactions, sigmatropic shifts, etc. 
have been studied using this technique. 

Isomerization dynamics. The excited state isomeriza¬ 
tion dynamics and the structural distortions associated 
with it, in case of ci.y-stilbene have been studied using 
both RR^^ and TR^ spectroscopy^^ In this review, the 
discussion is restricted to our results on photo-induced 
isomerization of fran^'-azobenzene^’^. In azobenzene, 
due to the presence of a lone pair of electrons on the N 
atom, there are two possible routes of isomerization*^" as 
shown in Figure 3, one by rotation about the central 
N=N double bond and the other by inversion about one 
of the N-sites via sp-hybridized transition state. 

azobenzene in CCI 4 consists of a lowest energy 
symmetr)^ forbidden ( 2 ^Ag <—LAg) transition, in 
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Figure 3. Proposed pathways for isomerization of trart.y-azobenzene 
to 6*L?-azobenzene. 



Excitation Wavelength (nm) 


Figure 4. Absorption spectrum of tran.v-azobenzene in carbon tetra¬ 
chloride solution. The weak band from 400-600 nm corresponds to 
(2 Ag 1 *Ag) electronic transition and the strong band in the region 
250-400 nm is due to (l^Au<—l^Ag) transition. Inset shows the 
expanded form of (2 Ag l^Ag) transition. The arrows indicate the 
excitation wavelengths (in nm) used to carry out the pre-resonance 
Raman measurements. 

addition to the strongly allowed (l'Au 4 -l'Ag) transition 
as shown in Figure 4. A comprehensive study on the 
isomerization quantum yields of sterically hindered 

334 



CO 

CD 


CO 

a 

(D 


§ 

S 

cd 


(D 

> 

t-H 

oS 





Figure 5. Resonance Raman spectra of tr^m. 9 -azobenzene in carbon 
tetrachloride solution with excitation wavelengths, 445, 460, 476, 
500, 532 and 597 nm. 


azobenzenes by Rau et has indicated that the 

mechanism of isomerization critically depends on the 
excitation wavelength, rr^^/ii'-azobenzene undergoes 
photoisomerization via inversion mechanism when ex¬ 
cited to the lowest energy ( 2 ^Ag l^Ag) transition and 
by rotational mechanism upon excitation to the higher 
energy (l^A^ l^Ag) transition. The inset in Figure 4 
shows the expanded form of ( 2 ^Ag ^ l*Ag) transition. 
Though (2^Ag<—l^Ag) transition is symmetry forbid¬ 
den, the Raman intensities observed in solution are as¬ 
cribed to pure resonance^’^’^^. The absence of vibrational 
structure in the low temperature absorption spectrum^^’^^ 
corresponding to (2^Ag4—l^Ag) transition of trans- 
azobenzene implies that isomerization occurs much 
more rapidly than vibrational recurrences to the FC re¬ 
gion. 

The Raman spectra of ^mn^’-azobenzene in CCI 4 reso¬ 
nant with 2 ^Ag 4— l^Ag electronic transition using few 
excitation wavelengths, viz. 445, 460, 476, 500, 532 and 
597 nm are shown in Figure 5. The spectra at all wave¬ 
lengths have been normalized with respect to the 
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Vibrational Mode 

Figure 6. Comparison of the experimental (open bars) and calculated 
(solid bars) of the relative Raman intensities at excitation wave¬ 
lengths, viz. 445, 455, 460, 470, 476, 488, 494, 500, 515, 532, 570 
and 597 nm in the (2‘Ag<-l^Ag) absorption region of trans- 
azobenzene in carbon tetrachloride solution. 

ecu doublet (marked S in the figure) appearing at 762 
and 791 cm"\ respectively. The fundamentals observed 
in the region 800-1600 cm~^ are, 912 (vig), 939 (V 25 ), 
1000 (vis), 1142 (V15), 1181 (V13), 1312 (v, 2 ), 1439 (vio), 
1470 (V9), 1491 (vs) and 1592 (V7) cm"^ Most intense 
Raman bands correspond to the N=N and' C-N stretch 
appearing at 1439 and ri42cm"'\ followed by 1491, 
1470, 1592 and 1181 and 1000 cm"*. Three weak bands 
are observed at 912, 939 and 1312 cm“*. In Figure 6 , the 
relative Raman intensities (open bars) of these normal 
vibrations at each excitation wavelength have been 
shown. It is observed from the figure that as the excita¬ 
tion wavelength is tuned to resonance with the lowest 
energy transition, with Amax at 445 nm, the intensities of 
the fundamental modes increase but as it approaches the 
absorption maxima, de-enhancement is observed for few 
of the vibrations, viz. 1000, 1142, 1181, 1312 and 
1439 cm~^ This led us to believe that Raman intensities 
of these modes may arise not only from the resonant 
electronic state but have contributions from the higher 
lying electronic state. 


Table 1. Raman frequencies {co in cm“b» dimensionless displace¬ 
ments (A) in the resonant electronic state and the vibrational 
assignments of /r«n.?-azobenzene 


Vibrational 

mode 

Frequency 
(o) in cm"’) 

Dimensionless 
displacement (A) 

Vibrational 

assignments 

V7 

1592 

0.43 

v(C-C) 

va 

1491 

0.59 

v(C-C) 

vi; 

1470 

0.68 

v(C-C) 

VlO 

1439 

0.86 

v(N=N) 

V12 

1312 

0.25 

<5(C-H) 

vn 

1181 

0.60 

v(C-C) 

V15 

1142 

0.93 

v(C-N) 

Via 

1000 ‘ 

0,54 

(3(C-C) 

V25 

939 

0.42 

y(C-H) 

Vl9 

912 

0.39 

(5(C-C) 


V, stretch; (5, in-plane bend; y, out-of-plane bend. 

Zero-zero energy, Eqq = 20645 cm“^; electronic transition dipole, 
M = 0.8 A; life time broadening, F = 200 cm~‘ and solvent induced 
broadening, 9 -100 cm"'. 

Based on our simulated displacements as shown in 
Table 1, the isomerization dynamics can be inferred. 
Under 2 *Ag<—l*Ag electronic transition as shown 
in the table, the vibrational modes, viz. 1439 and 
1142 cm"* have maximum displacements in the excited 
state and these modes correspond to v(N=N) and v(C-N) 
stretch, respectively and a smaller displacement is ob¬ 
served for the ring stretch mode at 1491 cm"* which is in 
contrast to the case of c/jy-stilbene^® where rotation is the 
only way of isomerization. This suggests that inversion 
(and not rotation) is the most likely route of isomeriza¬ 
tion in case of fraw^-azobenzene under 2*Ag l*Ag 
excitation. The parameters, viz. zero-zero energy 
(Eq = 20645 cm"*), electronic transition dipole 
(M = 0.8A), life time broadening (F = 200 cm"*) and 
solvent induced broadening (0 = 700 cm"*), used to fit 
the REPs are also included in the table. 

In order to study the isomerization dynamics, a de¬ 
tailed normal coordinate analysis of tra/z^-azobenzene 
has been carried out using density functional theory 
(BP 86 ) with 6-31G* basis set^A From the knowledge of 
the ground state normal modes of fran^’-azobenzene at 
their equilibrium geometry as well as the dimensionless 
displacements, the change in internal coordinates as a 
function of time (t) has been calculated. Only changes in 
early times (within 30 fs) are considered because the 
multimode correlation function decays in 30 fs. In Fig¬ 
ure 7 , we have shown a schematic representation of the 
isomerization dynamics of fran^-azobenzene at time ( 0 , 
(a) 0 fs, (b) 20 fs and (c) 30 fs, respectively. The magni¬ 
tude of the displacement values has been multiplied 20 
times their true cartesian displacements for better visu¬ 
alization. From the figure it is evident that with time, 
during the inversion process about one of the N atoms, 
C~N elongates and N=N undergoes reduction in length. 
We also find that the C-C bond adjacent to the C-N 
bond reduces in length, C-C-N angle becomes smaller 
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Figure 7. SchejTiQtic representation of //Y// 7 ,v-azobenzene isomeriza- 
tion dynamics at time (t), {a) 0 fs, (6) 20 fs and (c) 30 fs. The magni¬ 
tude of displacement values is 20 times the true cartesian 
displacement. 


and the benzene ring is distorted and becomes more 
non-planar with time. 

Photochemical ring-opening reactions. Pericyclic rear¬ 
rangements form an important class of chemical reac¬ 
tions because of their stereoselectivity. Here, for an 
example we present the results of Lawless et on 
pericyclic ring-opening reaction of cyclobutene (CB) 
and the structural changes following such reaction. 
Lawless et have recorded the RR spectrum of CB 
excited at 200 nm. CB shows intense band at 1563 cm~^ 
corresponding to C==C stretch indicative of increase in 
bond length along this coordinate upon photo-excitation. 
A strong band is also observed at 1110 cm”\ corre¬ 
sponding to aliphatic CH 2 -CH 2 stretch, which is consis¬ 
tent with the fact that this bond breaks during the course 
of photochemical reaction. The fundamental of the non- 
totally symmetric CH 2 twist mode is not observed but 
significant intensity is observed for its overtone. This 
indicates that following excitation, evolution occurs in 
the FC region along the Woodward-Hoffmann predicted 
disrotatory ring-opening reaction coordinate. 

Sigmatropic shift in 1,3,5-cyclohepta-triene (CHT). 
Sigmatropic shifts represent a class of pericyclic reac¬ 
tions where structural changes occur by migration of o 
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bonds. The photochemical H migration of 1,3,5- 
cycloheptatriene (CHT) has been studied by Reid'et 
al^^. They have shown the RR spectrum of CHT ob¬ 
tained at 257 nm excitation. The RR spectrum shows 
that majority of the scattering intensity is observed for 
the in- and out-of-plane ethylenic modes at 1536 and 
1610 cm"‘ as well as ring-planarization modes at 225, 
354 and 419 cm ^ No intensity is observed for the 
symmetric methylene CH stretch. Thus, in CHT, excited 
state evolution suggests that a planar or near-planar ge¬ 
ometry is established before the H-migration occurs. 

4.3 Resonance Raman de-enhancement 

De-enhancement or antiresonance in the resonance Ra¬ 
man intensities'^’^’^^'^^’^^ usually arises due to interfer¬ 
ence from closely-lying electrpnic states, have been 
observed for a number of systems, viz. HI, transition 
metal complexes [Co(en) 3 ^^ PdBr 4 ^“, etc.], ethyl, iso¬ 
propyl, tertiary-butyl iodides, rra/r^-azobenzene, etc. In 
this review, we discuss briefly resonance de¬ 
enhancement observed in case of ^ra^.y-azobenzene. In 
tra/i.s’-azobenzene, de-enhancement of Raman intensity is 
observed near the maxima of the resonant 2^Ag 1 ^Ag 
electronic transition. This arises due to interference 
Irom the closely lying l^Ai, <— 1 ^Ag electronic transi¬ 
tion. In order to account for the effect of interference 
from the pre-resonant electronic state which corresponds 
to 1 Au <— 1 Ag electronic transition with maxima near 
320 nm, the depolarization ratios (p) were measured as a 
function ol excitation wavelength. The values of p for 
the N=N stretching mode is found to be 0.31 (at 
445 nm), 0.34 (at 476 nm), 0.36 (at 532 nm) and 0.33 
(at 570 nm). These values of p remain almost constant 
(i.e. nearly equal to 1/3) with differing excitation wave¬ 
lengths, implying that the pre-resonant state may be 
contributing to the same component of the transition 
polarizability tensor (aj_) as does the resonant state. 
Thus, it is assumed that both the pre-resonant and the 
resonant electronic states are polarized perpendicular to 
the N=N axis, which is supported by the magnetic circu¬ 
lar dichroism result^^. The sign of the transition po¬ 
larizability tensor depends on the direction of the actual 
geometry change occurring along a particular normal 
coordinate. Here, in the resonant state there is a reduc¬ 
tion in N=N bond length since the molecule undergoes 
inversion about the N atom. Whereas, in the pre- 
resonant state, ^ra/z^'-azobenzene is known to isomerize 
via rotation^^ and thus, it is assumed that the N=N bond 
length increases. Therefore, the polarizability tensor 
elements (ccj) are considered to be opposite in sign in 
the two excited electronic states. The pre-resonance 
Raman spectra of ^mn^-azobenzene using excitation 
wavelengths, 355, 369, 396 and 416 nm are plotted in 
Figure 8. The observed fundamentals appear at 1000, 
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Raman shift (cm'^) 

Figure 8. Pre-resonance Raman spectra of trans-azobenzene in car¬ 
bon tetrachloride solution with excitation wavelengths, 355, 369, 
395 and 416 nm. 

1142, 1181, 1312, 1439, 1470, 1491 and 1591 cm“'. Of 
these modes, as shown in Figure 6, 1439, 1312, 1181, 
1142 and 1000 cin“^ show resonance de-enhancement. 
These are fit to a single A-term frequency dependence^^ 
using eqs (9) and (10) by varying the coupling strength 
(K) and the energy for the pre-resonant state (Eg). A 
good fit is obtained at = 34100 cm~\ indicating that 
the pre-resonant component indeed contributes to the 
same Raman polarizability term as the resonant 
term. The transition polarizability component due to the 
pre-resbnant electronic state (etpre), has significant 
magnitude when extrapolated to the region of the reso¬ 
nant electronic state. As a result of this, it interferes de¬ 
structively with the Raman polarizability comppnent, 
a,.es from the resonant electronic transition, leading to 
de-enhancement in the REPs of various vibrational 
modes of tran^-azobenzene. 

The excitation profiles for the ten Raman active 
modes were simulated. In all these simulations, the con¬ 
tribution from the pre-resonant state has been taken into 
account. In Figure 6, we have shown the simulated rela¬ 


tive Raman intensities (solid bars) for all the ten normal 
vibrations of tran^-azobenzene along with the experi¬ 
mentally-observed intensities, at all the excitation 
wavelengths. A good agreement between the calculated 
and experimental intensities for all the vibrational 
modes at different excitation wavelengths confirm that 
the assumptions considered for the simulations are rea¬ 
sonable. 

4.4. Electron transfer reactions 

Systems undergoing photo-induced electron transfer 
reactions have also been studied using RR spectroscopy 
in order to extract valuable information regarding reor¬ 
ganization energies which play a major role in electron 
transfer reactions. Excitation to the charge transfer (CT) 
state leads to a rapid change in charge distribution of the 
solute. Thus, the surrounding solvent molecules have to 
reorient themselves to adjust to the changes in the solute 
charge distribution. The role the solvent plays in con¬ 
trolling the electron transfer reaction critically depends 
on how fast or slow the solvent responds to the changes 
in solute charge distribution^^"^’''. The changes in the 
properties of the solvent (viz. polarity, polarizability, 
etc.) is thus expected to have a dramatic influence on 
the excited state structure and dynamics of the solute 
and this can be easily monitored using RR spectros- 
copy 

Intra and inter-molecular electron transfer reactions 
are commonly observed in various biological, inorganic 
and organic chemical systems. Application of RR spec¬ 
troscopy to these electron transfer reactions has been an 
active area of research in the recent years. In particular, 
importance of RR spectroscopy in understanding ultra¬ 
fast electron transfer process has been described by My- 
ers^^ and Barbara et al.^^. A few examples of Raman 
studies on electron transfer reactions observed in the 
literature include hexamethylbenzene/tetracyano- 
ethylene^^’^®, biferrocene®^, [Pt 2 (fi-dppm) 2 (|i- 

PhC=C)(PhC=C) 2 ]**' (ref. 84), [Pt(dppm) 2 (PhC=C) 2 ] (ref. 
84), (NH3)4Ru(2,2’-bpy)^'' (ref. 87), 4-cyano-N- 

methylpyridinium^®, etc. In this review, we discuss in 
brief the influence of solvent on the photo-induced intra¬ 
molecular electron transfer reaction of a donor-acceptor 
molecule, viz. 4-dimethylamino,4'-nitro-azobenzene (DA), 
the structure of which is shown in Figure 9. DA is very 
solvent sensitive, leading to a bathochromic shift of the 
absorption maxima from 453 nm in a non-polar solvent 
(CCI4) to 493 nm in a polar solvent (benzonitrile) as 
shown in Figure 10. The arrows marked in the figure 
indicate the excitation wavelengths used for the reso¬ 
nance Raman experiments. This large shift in the ab¬ 
sorption maxima with the increase in solyent polarity is 
attributed to the net stabilization of the charge separated 
FC excited state (SO relative to the ground state. The 
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Figure 9. Geometry and atom numbering of 4-dimethylamino, 4'- 
nitro-azobenzene (DA). 



Figure 10. Absorption spectrum of 4-dimethylamino, 4'-nitro- 
azobenzene (DA) in carbon tetrachloride (solid line) and benzonitrile 
(dashed line). The arrows indicate the excitation wavelengths (in nm) 
used to carry out the resonance Raman measurements. 




1200 1350 1500 


Raman shift (cm'') 


Figure 11. Resonance Raman spectra of 4-dimethyiamino,4'-nitro- 
azobenzene (DA) in carbon tetrachloride (a and b) and benzonitrile 
(c and d) with excitation wavelengths, 450 and 490 nm. 

magnitude of the shift of the absorption maxima depends 
on the extent of the change in solute dipole moment 
during the transition from the ground state to the excited 
state, the value of solvent dipole moment, the extent of 
solute-solvent interaction as well as the electronic po¬ 
larization of the surrounding solvent molecules caused 
by the dipolar solute molecules. Since the room tem¬ 
perature absorption spectra of DA in solutions of CCI4 
and benzonitrile are diffused and not vibrationally re¬ 
solved, very little information can be obtained regarding 
vibrational structural aspects. Hence, in order to get 
vibrational mode-specific information of DA, we have 
recorded its Raman spectra, in resonance with the 
charge transfer (CT) transition in the solvents specified 
above. 

Resonance Raman spectra of DA in CCI4 and C6H5CN 
were recorded with excitation wavelengths 450 and 
490 nm by scanning a tunable laser pulse from an OPO 
and are shown Figure 1 1 a~d. The spectra of DA in CCI4 
(Figure 11 a and b) were normalized with respect to the 
CCI4 doublet appearing at 762 and 791 cm"^ Similarly, 
the RR spectra of DA in C 6 H 5 CN [Figure 11c* and d\ 
were normalized relative to the solvent band at 
1000 cm K The fundamentals observed in the region 
1000-1600 cm ^ for DA in CCI4 (benzonitrile) are 1110 
(1106), 1137 (1140), 1197 (1195), 1340 (1336), 
1399 (1393), 1427 (1422), 1445 (1447) and 1595 
(1587) cm . The figure shows enormous increase in 
intensity mainly for the bands observed at 1340 (1336), 
1399 (1393), 1427 (1422) and 1445 (1447) cm~^ on go- 
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ing from 450 to 490 nm in both the solvents mentioned 
above. The most intense Raman bands appearing at 1340 
(1336) and 1399 (1393) cm"^ correspond to NO 2 stretch 
and N=N stretch, indicating the fact that these modes are 
strongly coupled to the charge transfer (CT) transition. 
We propose to apply RR intensity analysis using 
Heller’s wave packet approach with the inclusion of 
solvent effect as discussed in §3 to the azo dye undergo¬ 
ing photo-induced CT transition in order to understand 
the displacements and the reorganization energy contri¬ 
bution of each vibrational mode associated with the 
transition. This also requires the knowledge of normal 
modes of DA, which has been carried out using density 
functional method. Raman scattering intensity provides 
information on the distortions of the FC active modes iii 
the excited electronic state and hence on the strength of 
coupling of the intra-molecular vibrations and the sol¬ 
vent coordinate to the electron transfer process, referred 
to as internal and solvent reorganization energy. An 
analysis of the REPs give an estimate of the parameters, 
viz. vibrational and solvent reorgan,ization energies 
which are very important in understanding solvent con¬ 
trol of electron transfer reactions. 
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Sericulture is an agro-based cottage industry, 
combining the features of rural agriculture and in¬ 
dustry-based activities. Though India stands second 
in world raw silk production, the quality of raw silk 
is very low compared to other sericulturally ad¬ 
vanced countries. Hence several technologies are 
being developed from soil to silk to improve this as¬ 
pect. Labour-saving devices linked with improve¬ 
ment in quality of silk are the present needs of 
the industry. Utilization of bio-active chemicals 
during silkworm rearing is one of the means of in¬ 
creasing production of superior quality of silk. How¬ 
ever, the application of phytoecdysones, influencing 
the growth and development in silkworms, to 
improve productivity is a new concept in Indian seri¬ 
culture. 


It is established in insects that larval moulting is in¬ 
duced by the co-ordination of juvenile hormone, se¬ 
creted by the corpora allata with the moulting hormone, 
secreted by the prothoracic glands and the metamor¬ 
phosis is induced by the moulting hormone. The crystal¬ 
line material of the moulting hormone secreted by the 
prothoracic gland was first isolated from Bombyx pupae 
and was named ecdysone^ Subsequently, another com¬ 
pound having moulting hormone activity was isolated 
and was called /?-ecdysone by Karlson^ and ecdysterone 
by Hoffmeister and Grutzmacher^. The extraction, 
quantification and determination of the chemical struc¬ 
ture of insect hormones have greatly contributed to¬ 
wards understanding of functions and mechanisms of 
hormonal regulations in the development of the silk¬ 
worm'^”''. Apart from isolation of zoo-ecdysones from 
different life stages of insects, an array of compounds 
has been extracted from plants starting from Pterido- 
phytes to Angiosperms. Because of their plant origin 
and moult-inducing effects, these compounds are called 
phytoecdysteroids, most of them having structural simi¬ 
larity to insect moulting hormones^. The exogenous 
administration of these substances is known to affect 
growth and development of silkworms^’^. At present, in 
some countries like China, Japan arid South Korea, 
phytoecdysones are being used to improve productivity 
and quality of cocoons in sericulture^’^®. The application 
of phytoecdysteroids is yet to be made practical in tropi¬ 
cal sericulture as in India, though related studies are 
being carried out. 

CURRENT SCIENCE, VOL. 74, NO. 4, 25 FEBRUARY 1998 


Occurrence of ecdysones in plants 

Many plants contain a variety of chemicals with moult¬ 
ing hormone activity in insects. The ready isolation from 
plants in contrast to the extremely poor yield from in¬ 
sects and other sources makes it possible to produce 
large amounts of active substances for biological testing. 
Over 100 ecdysteroids have been structurally identified 
from a wide range of plant species^*. An exhaustive list 
of the plants with ecdysteroid activity has been prepared 
by Bergamasco & Horn^ and Horn & Bergamasco^^. 20- 
hydroxyecdysone (20E)^^ is a widely-occurring ecdy- 
sone in plants^. The roots of Cyanothis arachnoides 
contain 2.9% of 20-hydroxyecdysone^'^ (Table 1) and 
therefore this plant is a major source of moulting hor¬ 
mone in China. In India, Achyranthes aspera, Trian- 
thema portulacastrum, Gomphrena eclosoides, Silene 
spp, Sesuvium portulacastrum and Cassia tora are some 
of the plants known to have phytoecdysteroids^-'^'^^. 
Some promising commercial sources are listed in 
Table 1. 

In recent years, cell cultures are looked upon as an 
alternative means of production of ecdysteroids. Cell 
cultures from Polypodium vulgare^'^ and Serratula tine- 
toria^^ were reported to yield lesser ecdysteroid contents 
when compared to plants. However, cell cultures of the 
fern, Pteridium aquilinum have produced ecdysteroids 
in higher quantities'^ and if the growth rate of these 
cultures are kept at optimum conditions, they promise to 
be a good source of phytoecdysteroids^®. Attempts are 
also being made for the production of ecdysteroids by 
hairy root cultures of Ajuga and Serratula spp^^’^®. 

New phytoecdysteroids are still being identified, 
indicating the chemical diversity existing in plant sys- 
tems^^“^^. Some have 24-alkyl phytosterol side chain and 
it is known that phytophagous insects remove this group 
to form cholesterol by an efficient dealkylating mecha¬ 
nism in the gut^'^. The pathway of conversion to choles¬ 
terol and biosynthesis of ecdysteroids from cholesterol 
are reviewed recently^‘\ The elementary structural pat¬ 
terns characteristic for phytoecdysteroids with the aver¬ 
age range of activity in insects, summarized by Slama et 
al}^ are as follows: (i) an, a,/?-unsaturated-6-keto 
group; (ii) cis fusion of the A/B rings; (iii) sterolic side 
chain, and (iv) multiple hydroxylic functions all over the 
sterolic molecule. The function of ecdysteroids in 
plants is yet to be clearly defined, though many 
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Table 1. Important flowering plants having convenient source of ecdysteroids 


Name of the plant 
and family 

Plant 

parts 

Ecdysteroid 

isolated 

Quantity 
present (g/kg) 

References 

Achyranthes aspera 
(Amaranthaceae) 

Stem, leaves, 
roots, seeds 

20E 

0.04-0.25 

15 

Chenopodiuin album 
(Chenopodiaceae) 

Whole plant 

20E, polypodine B 

0.36-1,57 

27 

Cyanothis arachnoides 
(Commelinaceae) 

Whole plant, 
roots 

20E 

12.0-29.0 

14 

Gomphrena eclosiodes 
(Amaranthaceae) 

Whole plant 

20E 

0.25 

15 

Pfqffia iresinoides 
(Amaranthaceae) 

Roots 

20E, polypodine B, 
pterosterone 

3.1 

23 

Serratula tinctoria 
(Compositae) 

Flowers, roots 

20E, polypodine B 

8.4-12.0 

18 

Sesiivium portulacastrum 
(Aizoceae) 

Whole plant 

20E 

3.5 

15 

Vitexfishereii 

(Verbenaceae) 

Root bark 

20E, Vitexirone 

50.0 

22 


endocrinologists suggest that these compounds play 
a qualitative defence mechanism in plants directed 
against non-adapted herbivores'^’^’. The report on the 
isolation of first ecdysteroid from mushrooms, viz. 
paxillosterone which shows selective action on Dipteran 
insects that are highly specialized mushroom herbi¬ 
vores^®, supports the theory of defensive role of ecdys¬ 
teroids in plants. 

Extraction and isolation of phytoecdysteroids 

The usual and convenient methodology for extraction of 
ecdysteroids from plant materials is to homogenize the 
biological samples first in a mixture of an alcohol 
(methanol or 95% ethanol) and water'*. Methanol ex¬ 
tracts, if the pigments ai'e removed by hexane partition¬ 
ing, will be robust enough for bio-assays^^. 

A common method for extraction of ecdysteroids from 
the dried plant materials used by CSIRO, Australia, is 
described by Horn and Bergamasco” which is given in 
Box 1. 

Several techniques like reversed phase TLC, column 
chromatography, supercritical fluid chromatography 
followed by mass spectrometry have been foliowed®°’®' 
for the isolation of phytoecdysteroids. High pressure 
liquid chromatography is the most commonly used 
method for separation of ecdysteroids which has been 
noticeably improved in the recent years'*. A major tool 
for measuring ecdysteroid concentration is the radioim¬ 
munoassay, which has been developed by several 
workers . More recently, a competitive enzyme immu¬ 
noassay (EIA) has been reported using 20- 
hydroxyecdysone-acetylcholinesterase derivative”. A 
simple and rapid microplate-based bioassay using 
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Box 1. Flow diagram of the isolation of ecdysteroids from 
plants^. 

Dried and milled sample (10 g) 

Extracted with 96% ethanol (200 ml). Extract dried 
in vacuum and residue partitioned between hexane 
and 75% ethanol (10 ml of each phase). Hexane 
f extract discarded. 

Ethanol phase 

Concentrated in vacuum and partitioned between 
chloroform:ethanol:water (2 ml of each phase). 

T Aqueous phase discarded. 

Chloroform phase 

Concentrated to dryness and dissolved in ethyl 
acetate: ethanol (2:1) as a 5% solution and filtered 
through neutral alumina (10% H^O, 2 g) and eluted 
with further solvent (25 ml). The total eluate was 
T evaporated to dryness. 

Crude ecdysteroids 

Dissolved in chloroformrethanol (2:1 to make a 5% 
solution w/v) and an aliquot (2 pi) transferred to a 
__ TLC plate. _ 

ecdysteroid-responsive Drosophila cell line has been 
developed by Clement et al?^. 


Role of ecdysteroids in growth and development 
of silkworms 

It is known that the prothoracic gland is the primary 
physiological source of ecdysone (E)"* during most of 
the postembryonic development and 20E is formed from 
® ^y 4 ^yto^hrome P-450-dependent monoxygenase sys¬ 
tems . It was believed that E is a prohormone and is 
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converted to 20E which is the physiologically active 
form of moulting hormone as it is the predominant 
ecdysteroid found in the hemolymph during larval- 
larval and larval—pupal development^"^. But in the silk¬ 
worm, both E and 20E are considered to play a signifi¬ 
cant role in the larval moulting process^"^. The interplay 
of juvenile hormone with ecdysteroids in hemolymph 
regulates the onset and timing of larval moulting cycles. 
In the final instar, there is a reduction of juvenile hor¬ 
mone in hemolymph at which stage a surge in the 
moulting hormone initiates the process of metamorpho¬ 
sis^^. According to Sehnal and Akai^^, the baseline 
ecdysteroid level is maintained in each instar of silk¬ 
worm larva for a brief period only, followed by a moult- 
inducing surge of hormone. But in the last larval instar, 
the baseline ecdysteroid level seems to be lower, though 
sustaining for a longer period than in the previous in¬ 
stars. Gu and Chow^*'’ observed that very low ecdysteroid 
litres during the early stage of the last larval instar may 
play an important role in initiating decreases in juvenile 
hormone litres as well as in directing metamorphosis. 
These authors suggest that low ecdysteroid litres during 
early stage are important developmental signals for cor¬ 
pora allata to cease juvenile hormone production as well 
as for larval-pupal transformation. 

The impact of phytoecdysteroids on the larval growth 
and development of silkworm, Bombyx mori has been 
investigated by many workers. Kobayashi et alJ re¬ 
ported that ecdysterone and inokosterone isolated from 
the roots of Achyranthes fauriei, exhibited high moult¬ 
ing hormone (MH) activity in silkworms. The host plant 
of the silkworm, Morus spp. is also known to contain 
several phytoecdysteroids^'^, so that the selection of 
leaves with optimal amounts of these compounds may be 
an important parameter in Japanese sericulture industry 
which utilizes powdered mulberry leaves for artificial 
diets^ The effects of 20E on B. mori. larvae vary ac¬ 
cording to the concentration of the compound, precise 
developmental stage of the insect exposed and the dura¬ 
tion of exposure to the hormone^. It is reported that 
10 ^g of 20E injected on day 3 of IV instar promotes the 
larvae to moult while the same injection 24 hours later 
delays the moult to V instar^. Chou and Lu^"^ observed 
that a single administration of moulting hormone to 
silkworm larvae at the end of V instar shortened their 
feeding period, while in the earlier stages the feeding 
period was prolonged. In the last instar, the ecdysteroid 
litre increases slightly before the gut purge and rises 
steeply until pupation. Therefore, oral administration of 
this hormone before spinning in silkworms apparently 
brings about an accelerated and synchronized spinning 
without affecting cocoon quality^"^ (Box 2). 

Under low doses of phytoecdysteroids, development 
of the silk gland is also accelerated as studied by Sehnal 
and Akai^^ The effect of 20E on the fibroin synthesis 
was first described by Shigematsu and Moriyama^^ An 
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Box 2. Cocoon spinning in silkworms 
The silkworm, Bombyx mori, a hoiometabolous insect, 
feeds only during the larval stage of Its life cycle. The 
larva undergoes four moults and five instars before it 
starts spinning a cocoon and transforming itself Into a 
pupa. Nutrition and synthesis of silk protein are the major 
functions in the larval stage. The pair of silk glands be¬ 
come very active during the fifth instar and at the end of 
the larval stage, most of the nutrients fed are utilized for 
silk synthesis. Cells in the silk gland have the capacity to 
synthesize enormous quantities of silk proteins during a 
very brief period. Fibroin, the main component of silk 
protein, is exclusively synthesized in the posterior part of 
the silk gland and sericin, the outer covering of silk fila¬ 
ment is synthesized in the middle silk gland. The moulting 
hormone, mainly, 20-hydroxyecdysone (20E) is an impor¬ 
tant factor for the promotion and maintenance of fibroin 
synthesis. At the end of the larval period, when worms 
start spinning, they are picked by hand and put on moun- 
tages to facilitate cocoon formation. This process called 
mounting, requires more labour within a short period as all 
the worms in a batch have to be put on mountages at the 
correct time. 


increase or decrease of silk formation caused by a con¬ 
tinuous supply of phytoeedysones is known to result in 
prolongation or shortening of the feeding period, ac¬ 
cordingly. The amount of silk protein formed in the 
spinning period was also reported to increase with large 
amount of inokosterone^^. An inhibition of fibroin syn- 
thesis was observed by Shigematsu and Moriyama' in 
3-day-old V instar larvae, whereas a significant stimula¬ 
tion was found in 5-, 6- and 7-day old larvae receiving a 
critical concentration of 20E. They concluded that a 
stimulation of fibroin synthesis occurs by the addition of 
ecdysteroids only when a larva contains an insufficient 
amount of the steroid for maintaining synthesis at 
maximal level as in the case for 5- and 7-day old V in¬ 
star larvae. A sudden rise in ecdysteroid titre apparently 
terminates feeding at the end of this instar and stimu¬ 
lates spinning which may be the result of accelerated 
effect on the development of the silk gland'^*’. 

Application of phytoecdysteroids 

The phytoecdysteroids such as inokosterone were dis¬ 
covered by Takemoto et and attempts were made to 
use it for the control of growth and as an accelerator of 
larval maturation in silkworms^**. The exogenous ad¬ 
ministration of phytoeedysones was found to increase 
the cocoon yield^ and enhance the productivity of silk¬ 
worm rearing with insignificant variations in the quality 
of cocoons‘'‘’‘'^'‘'^ Phytoecdysteroids, therefore, attained 
a distinct position as they can be commercially exploited 
to improve production in sericulture. In Japan, 20- 
hydroxyecdysone extracted from Pfajfia iresinoides was 
approved as agricultural chemical for sericulture in 1994 
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(ref, 10). In China, the moulting hormone, mainly ex¬ 
tracted from the roots of C. arachnoides^ is used by 
farmers to accelerate spinning which saves labour during 
the mounting process^. The exogenous administration 
can be used in various ways altering time and dosage 
depending upon the requirement to improve productivity 
in sericulture as mentioned below. 

To promote uniformity in spinning 

Approximately 10% of the total labour required for 
silkworm rearing is needed at the time of picking mature 
larvae for mounting. During inclement weather condi¬ 
tions or by poor rearing management, the duration of 
mounting between beginning to closure prolongs for 48 
to 72 h. This leads to difficulties in mounting, manage¬ 
ment of labour, harvesting of cocoons and their market¬ 
ing. By administering moulting hormone when the 
silkworms are about to spin, spinning will be more or 
less simultaneous, enabling improved efficiency in 
mounting and uniformity of pupation^ Ninagi and 
Maruyama^^ clearly showed that the administration at 
about one day after first feeding in V instar prolonged 
its duration while administration on and after the fourth 
day shortened the duration and therefore the time of 
administration is crucial to bring about the desirable 
results. The cocoon weights increased when 5 to 10 pg 
20E was administered orally just before spinning^^. 
While using artificial diet or automatic rearing ma¬ 
chines, the use of phytoecdysteroids is obviously a boon 
to useis as the time and labour can be saved because of 
the reduction in duration of mounting of spinning 
worms"^"^. Other labour-saving methods like shoot feed¬ 
ing technique which is becoming popular in India, at 
present requires more labour at the time of spinning. 
The uniformity in spinning can save labour as free 
mounting and other easy mounting methods can be fol¬ 
lowed. It is reported that the application of phytoecdys¬ 
teroids after 72nd hour of fifth instar will, significantly 
accelerate the maturation of larvae of indigenous silk¬ 
worm races without affecting the cocoon characters 
Similar observations were made in our laboratory using 
phytoecdysteroids during initiation of spinning*^^, indi¬ 
cating reduction in mounting duration and insignificant 
differences in cocoon and shell weights in 
PM X NB4D2 silkworms (Figures 1 and 2). 

To shorten the larval duration 

During silkworm rearing, shortfall of mulberry leaf is 
often encountered mostly due to improper planning of 
rearing schedule or due to unfavourable weather for the 
growth of mulberry plants. Under these circumstances, 
the administration of phytoecdysteroids after the middle 
stage of fifth instar on 4th or 5th day at higher doses 
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Figure 1. Effect of phytoecdysone treatment on duration of mount¬ 
ing in silkworm (Race - PM x NB4D2). 
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Figure 2. Effect of phytoecdysone treatment on cocoon characters 
of silkworm (Race - PM X NB4D2). 


will result in shortening of larval duration^. It will 
be a boon to the farmers as it shortens the larval 
duration by 2-3 days though the cocoon yield is 
reduced to a little extent^. Hence, this method can only 
be employed to avert total crop losses in extreme condi¬ 
tions. 
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To prevent or reduce non-cocooning silkworms 

The occurrence of non-cocooning silkworms, due to 
high rearing temperature or feeding of tender leaves can 
be brought down to 9.6% by phytoecdysteroid applica¬ 
tion^. By the application of high dosage of juvenile 
hormones, which are used to prolong the larval duration 
for higher cocoon yield, sometimes non-cocooning silk¬ 
worms might appear, in which case, use of ecdysteroids 
will promote spinning"^^. Thus a combination of juvenile 
and moulting hormones if administered at the proper 
dosage and time may prove to be more beneficial by 
increasing productivity in sericulture. 

To increase cocoon filament yield 

Administration of MH, at earlier stages of fifth instar is 
reported to increase cocoon filament yield because of 
the increase in cocoon shell ratio^, as moulting hormone 
is known to stimulate silk synthesis^^. 

To reduce crop loss due to diseases 

Mounting hormone can also be administered for shorten¬ 
ing the larval duration and reducing crop losses caused 
by diseases. The mode and time of administration is 
similar to that when the larval duration has to be re¬ 
duced due to leaf shortage. By inducing early spinning, 
the contamination and spread of the disease can be 
checked avoiding total crop loss^. 

Summary 

Generally, plants produce numerous secondary metabo¬ 
lites out of which insect moulting hormones form a ma¬ 
jor group of chemicals. It has been clearly established 
that most of the common phytoecdysteroids with 20- 
hydroxyecdysone-like activity affect insect growth and 
development on ingestion. There are many types of 
ecdysteroids in plants, the most common being 20- 
hydroxy ecdysone (20E), the amount of which varies 
among plant species. Because of their abundant occur¬ 
rence in plants, phytoecdysteroids form an important 
and cheaper source for commercial application in seri- 
fulture. Their moulting hormone activity induces differ¬ 
ent responses in silkworms which can be manipulated 
for maximum benefit like early and uniform spinning 
behaviour, increase in silk yield, enhancing productivity 
and reducing crop losses. The most advantageous use of 
phytoecdysteroids is the induction of uniform spinning 
behaviour which will not only make the management of 
mounting easier but because of harvesting and market¬ 
ing at appropriate time, the cocoon quality will be im¬ 
proved. With the labour becoming more scarce even in 


developing countries, any labour saving method im¬ 
proves productivity and with the added advantage of the 
improvement in quality of cocoons, this method will be 
a boon to rearers. Hence it can be concluded that the 
application of phytoecdysteroids in sericulture under 
tropical conditions has a promising future. 
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Calcutta’s industrial pollution: Groundwater 
arsenic contamination in a residential area and 
sufferings of people due to industrial effluent 
discharge - An eight-year study report 
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An industry was producing 20-30 tons of Parin Green 
[Copper acetoarsenite (Cu(CH3C00)23Cu(As02)] 
per year and was discharging most of the effluent 
without proper treatment in an open land just 
outside the boundary of the factory. Due to the high 
porosity of the soil, arsenic percolated and contami¬ 
nated the underground aquifer. More than 7000 
people living around the discharge point, were ex¬ 
posed to arsenic contaminated water. Primary inves¬ 


tigations and follow-up studies in the area, carried 
out for the last 8 years, have revealed that some of 
the distant tubewells which were earlier free from 
arsenic, are getting contaminated now. In May 1997, 
a preliminary analysis of arsenic in the urine, hair 
and nails of some of the people drinking contami¬ 
nated water from CMC deep tubewells indicated a 
higher arsenic concentration than in the normal 
population. 


Instances of arsenic contamination in the world are 
mainly of two categories: (a) natural groundwater con¬ 
tamination; and (b) the contamination of water, air and 
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the environment caused by the use of arsenical pesti¬ 
cides, industrial activities, mining and smelting opera¬ 
tions. 
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In category (a), the major cases where a large number 
of people have been affected are to be found in Taiwan’, 
Chile^'^ Mexico'’'^, China®, West Bengal-India’"'®, and 
Bangladesh’®. In India, Bangladesh and China alone, 
millions are exposed to arsenic and fluoride’^. The ac¬ 
tual cause of the contamination is still not known but 
over-exploitation of underground water for agriculture is 
expected to be one’®. A summary of groundwater con¬ 
tamination all over the world has been reported else¬ 
where'”. 

In category (b), a major incident took place in Ger¬ 
many (1946-1974) in an arsenical pesticide manufactur¬ 
ing company where 1393 workers were employed^. 
Mortality was studied and 240 people were found to be 
affected. Likewise, in the village Toroku, Japan^’, ar- 
senopyrite in the period 1920—1962 was used to produce 
arsenic oxide and about 300 people in that small village 
were affected. Till December 1987, 144 cases of 
chronic arsenic poisoning (CAP) had been officially 
recognized. 

The mortality experience had been assessed of 2802 
workers who worked, during 1940-1964, at a copper 
smelter at Tacoma^, Washington, USA. It was, at that 
time, one of the largest producers of refined copper in 
the US. Concentration of airborne arsenic around the 
plant was very high, 0.9-259 p-g/m®. The arsenical con¬ 
tent in urine, hair and nails of the workers was also very 
high and deaths due to cancer in the respiratory system 
were also significantly elevated. 

A similar copper smelter in Srednogorie, Bulgaria 
caused severe arsenic toxicity among the residents, 
mostly due to inhalation and partly by ingestion of 
locally-produced food products like vegetables. 32,000 
people lived around the factory. This was the largest 
copper refinery in Bulgaria and had begun operations in 
1959. 

In Japan, typical cutaneous manifestations of chronic 
arsenic poisoning were detected in 7 out of 28 male 
workers who had been exposed to arsenic in the form of 
lead arsenate and calcium arsenate in the manufacturing 
of insecticides^'’. The lesions were symmetric punctuated 
palmo-planter hyperkeratosis and bronze hyperpigmen¬ 
tation. 

Two serious incidents of air pollution by arsenic from 
smelters in the USA have also been recorded. The first 
incident took place in Anaconda, Mont^®’^® where smelt¬ 
ers were processing 9070 tons copper per day and the 
rate of emission of arsenic trioxide was 26,884 kg/day. 
Although no atmospheric concentrations were in record, 
edible plants contained arsenic trioxide up to 482 |J.g/g, 
causing a serious health hazard, in the surrounding area. 
The second incident occurred in a small Western town 
near a gold-smelter^’ manufacturing 36 tons of arsenic 
trioxide per day. A summary of the cases of man-made 
arsenic contamination episodes all over the world has 
been given elsewhere’”. 
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Although all major cases of arsenic contamination due 
to industrial activities occurred in the past and were re¬ 
ported from developed countries, the manufacture and 
use of arsenical pesticides and smelting operations have 
now been restricted in those countries. However, in de¬ 
veloping countries the use of arsenical pesticides has not 
been seriously restricted and smelting operations are 
flourishing to meet the demands of the developed coun¬ 
tries. In many cases, waste products from developed 
countries are being used as raw materials for metal 
manufacturing (battery scrap is being used for making 
lead) in developing nations. 

During July-September 1989, a number of local and 
national newspapers in Calcutta reported that the resi¬ 
dents of P. N. Mitra Lane, in Behala, which is situated 
in the southern part of Calcutta under the Calcutta Mu¬ 
nicipal Corporation’s Ward no. 116, were suffering from 
arsenic poisoning because of drinking arsenic contami¬ 
nated groundwater. A few had died and some had been 
hospitalized, while skin lesions and other symptoms of 
arsenic poisoning were noticed among most people of 
the locality. But neither the source of the contamination 
nor the period for which the people had been drinking 
the contaminated water was known at that point of time. 

To find out the source of arsenic in groundwater in 
P. N. Mitra Lane, a scientific study was undertaken by 
us. The study confirmed^®'’” that a factory situated close 
to P. N. Mitra Lane and producing 20-25 tons of the 
insecticide Paris-Green (copper acetoarsenite) per year, 
for about 20 years, had contaminated the aquifers by 
discharging its arsenic-containing effluent in a nearby 
open area. We also prepared a clinical report . 

In this paper we will describe 

(a) the detailed study done over the last 8 years and the 
present status of the arsenic-affected P. N. Mitra 
Lane and its surroundings; 

(b) the present dermatological features and arsenic in 
hair, nails and urine of some arsenic patients who 
were consuming arsenic contaminated water 8 years 
ago and are at present consuming safe water; 

(c) how arsenic in groundwater is spreading to the sur¬ 
rounding areas which were safe earlier, and the 
level of arsenic in the hair, nail and urine of some 
residents who are consuming arsenic contaminated 
water at present from deep tubewells (about 150 m); 

(d) an approximate amount of arsenic still present in the 
soil of the effluent-discharge area and its conse¬ 
quence if not removed. 

Industries within Calcutta 

Within the core city of Calcutta consisting of 100 wards 
(104 km^ area) there are 11,516 different types of small 
and big registered industries®’ and a large number of 
unregistered factories. There is not a single ward in Cal- 
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cutta which does not have a factory registered under the 
Factories Act. Some of these factories produce and use 
very toxic chemicals. For example, 2150 factories pro¬ 
duce acids, chemicals, paints and varnish, many deal 


The arsenic-affected area, its surroundings, and 
method of Paris-Green preparation by the 
factory Aceto Chemical Private Limited (ACPL) 


with highly toxic compounds, some of which are sus¬ 
pected carcinogens. In Tangra, Tiljala and Topsia there 
are about 538 tanneries within a very small area. They 
discharge waste at 36-54 1 per kg of hide processed and 
their effluent is discharged into drains without proper 
treatment. As a result, the entire locality smells foul. 
Studies of the tanneries in Calcutta show that some of 
the water sources near the area have become contami¬ 
nated with chromium compounds and some of them have 
chromium, more than 1,000 times the permissible level 
of 0.05 pg/ml. The most important point to note in this 
context is that most of these factories are located at the 
centre of a thickly populated area. In many cases the 
factories form a part of houses people live in, and what 
is worse is that, in many cases, same rooms are used for 
both manufacturing and dwelling. As per the Gazette 
notification published in 28 November 1974, some 
trades like the manufacture of chemicals (nitroglycerine, 
saltpetre, etc.) have been listed as offensive (on pollu¬ 
tion basis), and out of the 100 wards in the Calcutta 
municipal area, no less than 68 wards have been found 
to have such manufacturing units. 

More than 10,000 residents of Ward nos 66 and 67 in 
the city’s Tiljala area breathe the emissions of 27 facto¬ 
ries producing lead ingot from battery scrap. The facto¬ 
ries were earlier using 15-20 m high chimneys that did 
not meet the prescribed minimum stack height for pol¬ 
lutant dispersion. So the area surrounding the factories 
contains a high amount of lead and other toxic metals^l 
Although the factory owners are presently installing 
treatment plants, the crucial question remains: should 
such lead factories operate in densely-populated resi- 
dentiai areas? 

Again, not far from the city, in Kalipark, Dum Dum, 
there is a factory in a densely-populated area producing 
lead ingot from lead ore. The gaseous emission from the 
factory, which has a chimney 18 m high, has affected 
thousands of people living around the unit. Recent 
studies indicate that the whole area is contaminated with 
lead, nickel, cadmium, arsenic and mercury. The lead 
content in the soil of a resident’s plot has been found to 
be close to the amount present in the lead ore^l 
About 250 acid chemical processing (HCl, HNOj and 
H 2 b 04 ) units are situated around CMC’s Ward no 14 or 
the Bagmari-Muraripukur area. The people of the local¬ 
ity have complained many times to the local authorities 
a out the smell of acid. The problem becomes acute 
during winter when, due to inversion, the acid fumes are 
no easily dispersed. Howrah, situated opposite Calcutta 
on the west bank of the Ganges, is known as an indus- 
ttml city It IS often called ‘Sheffield of West Bengal’, 
thousands of factories are located in Howrah. 


^aicutta, me megacity, has 141 wards under the Calcutta 
Municipal Corporation (CMC) and its night and day 
time population figures are about 4.3 million and about 
7.0 million respectively. The arsenic-affected area in 
Behala, in the southern part of the city, has 26 wards 
Within these 26 wards, the most affected area is ward 
116, having a population of about 27,000 and P. N. Mi- 
tra Lane is the worst-hit zone within that ward Ward 
116 is surrounded by wards 117, 118, 120 and 121 
(Figure 1). The chemical factory ACPL had been pro¬ 
ducing the pesticide and P. N. Mitra Lane is situated 
behind the factory (Figure 1). 


About 1,50,000 people live in wards 116, 117, 118, 120 
and 121. P. N. Mitra Lane, Kalabagan, Tarapark, Chandi- 
tala, Bahadur Road are a few densely-populated areas sur¬ 
rounding the factory ACPL (Figure 1). The ACPL has an 
aiea ol about 6500 m and had 110 workers working in two 
shifts in the manufacturing, packaging, loading of their dif- 
lerent chemical products including Paris-Green. Paris- 
Green IS a mixture of cupric arsenite and the copper salt of 
acetic acid in the ratio of 3:1 (ref. 34). Paris-Green was 
manufactured by the APCL by the reaction as shown below 



Figure 1. The map showing the position of Paris-Green production 
unit, waste disposal site, soil sampling locations and surrounding 
wards. 


r 
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AS 2 O 3 + NaOH NaAs 02 + excess NaOH 
i Cu(C 03)2 

Cu(As02)2 + Cu(OH )2 . Cu(C03)2 
i CH 3 COOH 
Cu(CH 3 COO )2 . 3Cu(As02)2. 

The reaction is considered to be complete when 
a green product precipitates from the solution. The pre¬ 
cipitate was then filtered. The effluent released 
contained some excess sodium arsenite, copper salt 
and some of the fine particles of precipitated 
Paris-Green due to an inefficient filtering system (done 
on cloth filter). The whole operation system (mixing 
of raw materials, dissolving, filtering, drying of 
solid Paris-Green, powdering and packaging in 
polyethylene bags and drums) of Paris-Green prepara¬ 
tion was done manually and in one room only, 
containing two exhaust fans for ventilation. A survey of 
the factory area, both inside and outside, indicates 
that there were two small settling tanks used for the 
waste water of the factory. The excess waste water from 
the settling tanks used to be discharged into an open 
drain connected to Tally Nala (canal), which finally 
joins the river Ganges (Figure 1). However, the maxi¬ 
mum amount of the waste water from the Paris-Green 
unit was directly discharged, without proper treat¬ 
ment, into an open land of pioneer pitch board packag¬ 
ing factory for 20 years, and the land turned barren 
(Figure 1). 

The present Managing Director of West Bengal 
Chemical Industries Ltd., was the works manager in 
ACPL during 1980-82. He said that the effluent con¬ 
tained a high level of arsenic and suggested the installa¬ 
tion of a treatment plant, but the factory owners ignored 
his suggestion^'’. 

Geological, geomorphological and groundwater 
regime of the study area 

Geologically the area constitutes a part of the lower 
Gangetic alluvium of the Quaternary period. The panel 
diagram^^ from an inventory of four bore-hole sediments 
in the area shows the area is blanketed by a clay layer of 
varying thickness (2.0-3.0 m). The clay bed is underlain 
by an extensive layer of sand of varying thickness with 
patches of silt rich fraction especially near its upper 
part. The sandy layer also contains some interfingering 
clay layers, especially in its eastern and western parts. 
The unconfined aquifers extend from a depth of around 
4 m to about 190 m/bgl (below ground level) while the 
confined aquifers occur below a depth of around 210 m 
being separated from the unconfined aquifer by a 20 m 
thick clay layer. 

Geomorphologically, two characteristic landforms, 
viz. the levees and abandoned distributary channels 


could be recognized from interpretation of Landsat Im¬ 
agery aided by field checks. Such landforms have been 
largely modified by human habitation and small rem¬ 
nants of such landforms are left here and there. The 
river Adi-Ganga (Tally Nala) flows sluggishly in a 
winding path along the eastern part of the study area. 
Along both the banks of the river, levees have been de¬ 
veloped which form slightly raised land masses (3 m 
above the channel bottom) on both the banks. The lev¬ 
ees, composed mostly of micaceous silt, slope away 
gently from the river banks. The other landforms, viz. 
the abandoned distributary channels occur in the form of 
isolated water bodies of various sizes and shapes in 
lowlands adjoining the levees. 

Hydrogeological study of the region suggests that 
deeper aquifers in the Calcutta region are mainly re¬ 
charged from Hooghly district in the west and Nadia 
district in the north. As the porous, permeable and spa¬ 
tially extensive alluvial sand occurs on and near the sur¬ 
face, the ultimate source of shallow groundwater is the 
rain water. The rainfall in and around the study area 
(194 cm/year) partly evaporates, partly moves off to the 
sea as surface run off and partly enters the ground to 
contribute to the subsurface water regime. From the 
configuration of sediments and inventory of tubewells, it 
has been observed that groundwater in the arsenic af¬ 
fected area occurs under unconfined, semiconfined and 
confined conditions but most of the tubewells of the area 
(depth 22-39 m/bgl) tap groundwater from the uncon¬ 
fined aquifer. 

Materials and methods 

Flow injection-hydride generation-atomic absorption 
spectrometry (FI-HG-AAS) was used for analysis of 
most of the water, urine and digested hair, nail samples. 
A detailed description of the instrumentation and FI- 
HG-AAS procedure has been given earlier^’^. Total ar¬ 
senic content in water was also analysed spectropho- 
tometrically using our modified Ag-DDTC ^ in CHCI 3 
with hexamethylenetetramine^^, A Shimadzu (Japan) 
double beam spectrophotometer (Model UV-150-02) 
was used. Inductively coupled plasma atomic emission 
spectrometry (ICP-AES) was used. X-ray fluorescence 
and electron probe micro analysis (EPMA) have been 
described in our earlier publications ” ” . All 
reagents are of analar grade. Details of the reagents and 
glassware are given elsewhere^’^. Water samples 
were collected from tubewells (bore-wells). The mode 
of collection and details of the bore-wells are as de¬ 
scribed earlier^^. Samples of hair, nail and urine were 
collected from affected persons and persons drinking 
arsenic-contaminated water. The procedure for cleaning 
and the mode of digestion have already been 
described^’^^. 
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Procedure for determination of inorganic arsenic 
and its metabolites in urine and total arsenic in 
water, hair and nail 

A detailed procedure for determination of total arsenic 
in water, hair and nail has been described elsewhere. In 
this study we have determined total arsenic in water 
both by FI-HG-AAS and spectrophotometrically, Spec- 
trophotometrically using our procedure is reliable for 
arsenic 0.04 mg/1 and above, whereas by FI-HG-AAS 
we can determine arsenic up to 0.003 mg/1 with 95% 
confidence. Dilution of sample is necessary for above 
0.05 mg/1, Total arsenic in hair, nail and arsenic me¬ 
tabolites in urine is measured by FI-HG-AAS. Mode of 
collection and analytical procedure for digestion and 
analysis of bore-hole sediment has been described ear- 
lier^^ 

Results and discussion 

We came to know about the arsenic problem in P. N. 
Mitra Lane and sufferings of people from daily newspa¬ 
pers during July-September, 1989. The source due to 
which contamination occurred could not be identified 
immediately. However, from our scientific studies^® in 
the affected area we could identify high concentrations 
of arsenic near the effluent discharge area of the factory 
ACPL, which was producing chemical compounds. 
However, the factory denied their involvement in this 
contamination. We collected soil samples from inside 
the factory and also identified a high level of arsenic in 
the soil. We published a scientific report^® covering the 
arsenic in tubewell water of residents and the probable 
source of arsenic. Further, we published convincing evi¬ 
dence proving factory ACPL was producing Paris- 
Green, an insecticide (copper acetoarsenite), and dis¬ 
charging the arsenic-rich effluent in the nearby area of 
P. N. Mitra Lane and was responsible for the arsenic 
contamination of the groundwater aquifer. The report 
was given to the factory management, the government, 
and to the local authority. Finally, the government or¬ 
dered the closure of the factory in 1991. 

Tubewell water analysis for arsenic 

During September 1989 we first analysed 31 tubewells 
only from the residential areas of P. N. Mitra Lane close 
to the effluent-discharge area of the factory ACPL. In 
that area, there was only one CMC deep tubewell (100 
m) and the rest were shallow household tubewells rang- 
mg between 20 and 40 m. All the tubewells except the 
CMC deep tubewell had an arsenic concentration above 
the WHO recommended value (0.01 mg/1). However, the 
majority of the residents were using their own tubewells 
for drinking and cooking purposes, and before our 


analysis they were not aware that their tubewells are 
arsenic-contaminated. Most of the people suffering from 
arsenical skin lesions were from P. N. Mitra Lane area. 
Table 1 shows the arsenic concentration of the 30 shal¬ 
low tubewells we had analysed for P. N. Mitra Lane 
during September 1989. 

Immediately after our analytical report, the people of 
P.N. Mitra Lane stopped drinking the water from their 
contaminated tubewells and began using the deep CMC 
tubewell. A second CMC deep tubewell was also in¬ 
stalled in the area. From the results of Table 1. it-is evi¬ 
dent that most of the tubewells were highly 
contaminated and their water was unsuitable for drink¬ 
ing. 

From 1990 January to 1996 March, we further ana¬ 
lysed 230 available tubewell waters, both shallow and 
those of deeper depth (up to 125 m), from P. N. Mitra 
Lane and its surrounding area, covering a radius of 
about 0,5 km. These areas are: R. B. Road (Ward no. 
116), B. L. Saha Road (Ward no. 116,117), Canal Road 
(Ward no. 117), Kalabagan (Ward no. 116), Tarapark 
(Ward no. 121), Chanditala Main Road (Ward no. 116), 


Table 1. Arsenic concentration (mg/I) in 30 shallow tubewells* in P. 
N. Mitra Lane measured during September 1989 and quantity of 
_arsenic withdrawn in one year due to domestic use** 


Tubewell 

no. 

Concentration of arsenic 
(mg/1) 

Quantity of arsenic with¬ 
drawn (kg) in one year 

1 

1.08 

0.142 

2 

0.18 

0.023 

3 

5.08 

0.667 

4 

11.86 

1.558 

5 

15,50 

2.036 

6 

2.58 

0.339 

7 

0.26 

0.034 

8 

2.66 

0,349 

9 

7.08 

0.930 

10 

6.70 

0.880 

11 

8.50 

1.117 

12 

1.48 

0.194 

13 

5.08 

0.667 

14 

0.03 

0.004 

15 

0.21 

0.027 

16 

. 10.11 

1.328 

17 

0.18 

0.023 

18 

0.06 

0.007 

19 

0.05 

0.006 

20 

0.06 

0.007 

21 

23.08 

3.033 

22 

0.11 

0.014 

23 

0.12 

0.016 

24 

0.09 

0.012 

25 

0.05 

0.006 

26 

0.10 

0.013 

27 

0.18 

0.023 

28 

0.25 

0,033 

29 

0.83 

0.109 

30 

0.41 

0.054 


*Now, most of these tubewells have been sealed or dismantled. 
**Total amount withdrawn in one year is 13.7 kg. 
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We found that in many areas the groundwater, which we 
had measured earlier and found safe, was getting con¬ 
taminated with time. However, the concentration of ar¬ 
senic in all these distant tubewells was not as high as we 
found in P. N. Mitra Lane (Table 1). 35% shallow tu¬ 
bewells were found to have arsenic contents above the 
maximum permissible limit (0.05 mg/1 to 0.3 mg/1). We 
had also found that some deep tubewells, which had 
been found to be safe earlier, were getting contaminated. 
During 1991-1996, many of the tubewells that we had 
found to be contaminated, were sealed either by the Cal¬ 
cutta Municipal Corporation (CMC) or by the local 
people. At present people of the P.N. Mitra Lane and 
surrounding area are not using shallow tubewells for 
drinking and cooking. Instead, they are now using the 
CMC’s deep (up to 125 m) tubewells. 

During March-April 1997, we analysed the available 
tubewells from P.N. Mitra Lane and its surrounding ar¬ 
eas. We have found out of 75 CMC tubewells (depth 
> 100 m), 43 tubewells contain arsenic below WHO 
recommended value, 26 tubewells contain 0.01-0.049 
rag/l and 6 tubewells contain between 0.05 and 0.299 
mg/1. Again, out of 35 private tubewells (depth 20-40 
m), 16 tubewells contain arsenic less than 0.01 mg/ 1 , 10 
contain 0.01-0.049 mg/1 and 8 tubewells contain 0.05- 
0.099 mg/1. Only one old private tubewell of P. N. Mitra 
Lane is most contaminated and the local people use it 
for washing purposes. .Its present arsenic concentration 
is 7.5 mg/1 and 8 years back it was 15.5 mg/1. The re¬ 
sults show that even after 8 years its concentration be¬ 
comes almost half but is still very high (about 750 times 
higher than WHO’s recommended value). Even the dis¬ 
tant tubewells are getting contaminated with time. 

Study report of arsenic in soil 

In our earlier publications^^ we had reported arsenic in 
soil along with copper in 8 soil samples collected in 
1989, and confirmed the presence of Paris-Green in soil. 
We further reported that arsenic and copper were the 
highest near the effluent discharge point. The instrumen¬ 
tal techniques we used^^’^^’*"^^’^^ to quantify and identify 
the species are XRF (X-ray Fluorescence), EPMA 
(Electron Probe Micro Analyser), LAMMA (Laser Mi¬ 
croprobe Mass Analyser) and ICP-AES (Inductively 
Coupled Plasma-Atomic Emission Spectroscopy), Our 
XRD study*^ of the arsenic-rich soil samples and the Paris- 
Green product of the company revealed a great deal ot 
similarity, i.e. the presence of Trippketite (CUAS 2 O 4 ), Cu¬ 
pric Aceto Arsenite (Paris Green). Thus it was proved 
that company ACPL was responsible for this contami¬ 
nation. We carried out this study from 1989 to 1995. We 
could not collect soil sample after 1995, as we could not 
get access to the area any more. Figure 1 shows the lo¬ 
cations of the soil samples we collected and Figure 2 
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Figure 2, The variation of arsenic concentration (mg/kg) in differ¬ 
ent locations with time. 

shows the distribution with time, and location and con¬ 
centration. It seems that till 1995, the concentration of 
arsenic had not been reduced substantially. From Figure 
2 it is apparent that arsenic in the discharge area in¬ 
creased from 1989 to 1990 and further in 1991, and af¬ 
ter that it started decreasing. The reason is that the 
factory owners, knowing that they would have to close 
down the factory, began px'oducing as much Paris Green 
as they could before shutting it down. In fact, from 1992 
the factory stopped the production of Paris-Green. Al¬ 
though we have not been able to analyse arsenic from 
the disposal area after 1995, we suspect that plenty of 
arsenic is still present in the dumping area. Those living 
around the discharge point still complain that from time 
to time, depending on the direction of the wind, they get 
a garlic odour. We suspect that biomethylation and for¬ 
mation of methylated arsenic compounds may be re¬ 
sponsible for the garlic odour. It is expected that the 
dumped area of effluent discharge containing high arse¬ 
nic is suitable for such microbial transformation"^^""^^. 

Families suffering from arsenicosis 

Our tubewell water analysis from September 1989 to 
May, 1991 revealed that about 7000 people of Ward 116 
living around the factory were exposed to arsenic con¬ 
tamination. The highest concentration recorded in tu¬ 
bewell water in the area was 23.08 mg/1. From June 
1991, the people of P. N. Mitra Lane got safe pipe-line 
water supply through Calcutta Municipal Corporation 
from a distant source. From 1989 till March 1997 we 
have identified, from P. N. Mitra Lane, 47 families suf¬ 
fering from arsenicosis, and the total number of people 
we have identified from these families as having arseni¬ 
cal skin lesions are 149. During the last 8 years, 5 out of 
these 149 people have died, 3 of internal cancer. The 
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remaining 144 people are now drinking safe water. 
However, the affected people have these common com¬ 
plaints regarding their health: (i) feeling of weakness, 
(ii) acute bronchial problem, (iii) their lesions have re¬ 
mained more or less unaltered and (iv) liver disorders. 
Those who had diffuse melanosis, i.e. colour of the body 
turned bronze to black almost regained their colour after 
drinking safe water. Those who had only light spotted 
melanosis now apparently have no such pigment. But 
those who had heavy spotted melanosis still show the 
symptom with leucomelanosis (spotted pigmentation and 
depigraentation). Patients with keratosis on palms and 
soles complained that their lesions are more or less unal¬ 
tered. In some cases it is less but still persisting. 

During the last 8 years, we had analysed, from time to 
time, the urine, hair, nails and examined the derma¬ 
tological features of the victims. The fact that has 
emerged from our 8 year-long study is that skin lesions, 
particularly keratosis and leucomelanosis, continue to 
persist even when urine, hair and nails show almost 
normal value of arsenic. Table 2 shows the analytical 
result of urine, hair, nails and dermatological features of 
15 arsenic victims measured during May 1997. Even 


no^ Hn Tihi melanosis (rain drop pigmentation) of Patie 

no. 1 m Table 2. b, Keratosis on sole. Patient no. 2 in Table 2 
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after safe drinking water for eight years, much of their 
skin lesions refused to disappear. Figures 3 a, b show 
the rain drop pigmentation (spotted melanosis), kerato¬ 
sis on sole of two patients (patient no. 1 & 2). The 
symptom did not disappear even after using safe water 
for 8 years. 


Approximate arsenic burden to the effluent 
discharge area 


From the official information we had gathered, ACPL 
was producing 20-25 tons of Paris-Green per year, and 
they were doing so for 20 years. Unofficial reports say 
the amount manufactured was much higher. After June 
1992, when the factory was closed down, we could go 
inside the factory, and a survey of the factory area, both 
inside and outside, indicated that effluent was regularly 
discharged in a corner of the factory after the production 
of Paris-Green (Figure 1). Although there was a con¬ 
nection between the factory and Tally Nala (as in Figure 
1) through an open drain, and from the Tally Nala, the 
waste could reach river Ganges, the factory authority did 
not normally use this drain for their total waste disposal. 
Instead, they were releasing the arsenic waste water 
through point P (Figure 1) to an open space (315 m^) 
which is 1.8-2 m below the surface level. 

It is expected that arsenic from the effluent discharge 
point passed through the soil barrier and contaminated 
the aquifer. A bore-hole was made up to 24.3 m deep to 
know the lithological log of Paris-Green waste disposal 
site (Figure 4). Figure 4 shows that only 0.65 m clay 
barrier exists at 16.15 m. From the soil chemistry it is 
found that at the Paris-Green disposal site soil is mainly 
silty clay loam (nearly 40%) which has high infiltration 
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Figure 4. Detailed lithological log of Paris-Green waste disposal 
site, P. N. Mitra Lane, Behala. 



Figure 5. Changes of infiltration rate (cm/h) with time (min). 

rate. The infiltration tests was also done near the dis¬ 
posal site (post-monsoon period) and rate of infiltration 
is given in Figure 5, i.e. rate of inliltration with time, 
indicating very high rate of infiltration, which agrees 
with silty loam characteristic of soil. As the Paris-Green 
effluent disposal area is below 1.8-2.0 m from surface 
level and the soil is silty loam in nature, during rainfall 
the rain water leached more water soluble arsenic from 
soil and infiltrated into underground water, thus con¬ 
taminating the shallow aquifers and building up the 
groundwater table. The XRD study confirmedthe 
presence of Paris-Green, in soils near the effluent dis¬ 
charge. Thus it is expected that the effluent was not 
treated to remove arsenic before disposal. Paris-Green is 
slightly soluble in water but in presence of water and 
carbon dioxide it may decompose to give water-soluble 
phytotoxic arsenic compound^^’^^. Paris-Green when 
spread over soil may undergo degradation due to mi¬ 
crobial action with formation of water-soluble arsenic 
compounds. It has been known for almost 100 years that 
inorganic arsenic compounds such as cupric arsenite, 
copper acetoarsenite, arsenic trioxide can liberate a poi¬ 
sonous gas, trimethylarsine by action of mold in soil 
under damp conditions^^’"^^. The residents of P. N. Mitra 
Lane living close to the effluent discharge point used to 
complain (and still complain) of garlic odour. Our result 
of DMAA and MMAA compounds from water-soluble 
soil near the discharge further confirmed that methylated 
forms of arsenic compounds are produced in effluent 
disposal area. 

We mentioned earlier that the factory was officially 
producing 22-25 tones of Paris-Green per year for 20 
years and stopped production after June 1991. So, we 
wanted to know how much arsenic was present in the 
effluent discharge area. The total area of effluent dis¬ 
charge is 315 m^ (15 m x 21 m). We analysed the arse¬ 
nic with depth and Table 3 shows the results. To know 
the amount of arsenic in each layer hence in total depth 
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Table 3. Determination of acid digested (total) Cu, Cr, Ni and As of 
bore-hole soil samples near effluent discharge area of P. N. Mitra 
__ Lane, Behala, Calcutta 

As Cu Cr Ni 

(^) (M-g/g) (pg/g) (^g/g) 


0 (topsoil) 

16795.90 

0.038 

30952.40 

0.457 

4246.20 

0.762 

3035.86 

1.067 

2089.50 

1.372 

1238.90 

1.829 

981.89 

3.050 

521.26 

6.096 

98.96 

9.150 

.396.61 

12.200 

126.80 

15.240 

98.70 

18.290 

93.40 

21.340 

64.30 

24.400 

43.89 


9927.40 

3286.08 

11315.20 

5007.93 

4720.30 

19.97 

2065.90 

28.24 

549.54 

69.07 

138.45 

13.63 

133.12 

42.34 

168.07 

7.40 

29.32 

6.62 

510.27 

59.20 

166.50 

30.16 

154.30 

26.70 

200.16 

23.93 

39.91 

5.98 

29.80 

4.74 


41.23 

29.95 

07.20 

24.00 

12.29 

38.36 

15.64 

15.76 

9.77 
16.01 

5.86 

10.60 

7.32 

8.77 


Table 4, Arsenic in urine, hair, nails of some people drinking con- 
taminated water from deep tubewell in Aryapally, Behala 


Age/ 

sex 


Arsenic 
in urine* 
(4g/l) 


Arsenic 
in hair** 
(mg/kg) 


Arsenic 
in nail*** 
(mg/kg) 


9/M 

9/F 

12/M 

15/M 

25/F 

38/M 

2/F 

62/M 

18/M 


200.00 

79.10 

255.17 

55.17 

124.14 

55.17 

120.69 

151.72 

165.52 


1.46 

0.21 

NA 

0.32 

0.66 

0.49 

NA 

0.61 

0.36 


1.53 

0.77 

NA 

0.63 

1.28 

0.99 

1.15 

0.87 

0.83 


Concentration 
of arsenic 
in drinking 
water (mg/1) 


0.086 

0.068 

0.068 

0.068 

0.068 

0.068 

0.068 

0.068 

0.068 


NA: Not available. 

n oan arsenic in urine range from 0.005 to 

0.040 mg per day (1.5 1). (ref. 12) 

arsenic in hair is about 0.08 to 0.25 mg/ke 
indication of the presence of excess arsenic. 

- Normal arsenic content of nails 0.43-1.08 mg/kg (ref 12). 


up to 24 m, we need to make a large number of bore¬ 
holes. Since we could not do that, we made a very ap¬ 
proximate calculation considering a single bore-hole 
Considering weight of the soil of 315 m' from each 
depth and arsenic concentrations, a few tons of arsenic 
are present in the disposal area. The factory ACPL was 
also using chromium and nickel as catalyst in their 
preparation of other products, thus the soil was con¬ 
taminated from chromium and nickel (Table 3). Further, 
a simple calculation shows that from 30 shallow 
tubewells of P. N. Mitra Lane area where we had ana¬ 
lysed arsenic in tubewell in 1989 {Table 1), in one year 
about 13 kg of arsenic came out with pour water 
(considering six members in a family and 360 1 of water 


coming out from each tubewell per day). We do not 
know how many years before 1989 the residents were 
using their tubewells. 


Potential danger 

It is evident from our water analysis during April-May 
1997 that some distant deep tubewells which were ear- 
lier contamination free are now getting contaminated. 
Although concentrations are low, even deep tubewells 
show arsenic concentrations above the maximum per¬ 
missible limit (0.05 mg/1). We have analysed the arsenic 
in urine, hair and nails of some members who drink this 
water. Table 4 shows the results. The results indicate 
that arsenic is on the higher side compared to the people 
who are drinking safe water (Table 2). True, none of 
them have arsenical skin lesions but consumption of 
such water for a long time may cause adverse effects'’® 
Moreover, epidemiological studies carried out'” in the 
arsenic-affected area of South 24-Parganas show that 
even by drinking water in the range 0.01-0.049 mg/1, 13 
cases of pigmentation and 4 cases of thickness of palm 
and sole out of 3235 persons are found. 


Conclusion 


It IS clear from the study that a substantial amount of 
arsenic is present in the effluent discharge area and it is 
urgently needed to remove that soil in order to prevent 
more arsenic from being added to the aquifer. This is 
more important because most of the people of the sur¬ 
rounding areas use groundwater for drinking and there is 
always the risk of arsenic contamination. 
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Molecular cloning and detection 
of cucumber mosaic cucumovirus 
causing infectious chlorosis disease of 
banana using DNA probes 

G. Kiranmai, T. Satyanarayana* and 
P. Sreenivasulu 

Department of Virology, Sri Venkateswara University 
Tirupati 517 502, India 

♦Citrus Research and Education Centre, The University of Florida 
Lake Alfred, FL 33850-2299, USA 

Complementary DNA (cDNA) to RNA genome of 
cucumber mosaic cucumovirus-Banana (CMV-B) 
isolate was prepared, cloned into pUC 119 plasmid 
vector and transformed E. coli DH5 oc p'. A clone 
with 1521 and 334 bp inserts was selected and used 
for probe preparation. In dot-blot hybridization, the 
radioactive ( P) probe (1521 bp) detected total 
nucleic acids extracted from CMV-B infected banana 
leaf up to 10 dilution and viral RNA up to 40 pg 
It ^,1'^ non-radioactive digoxigenin (DIG) probe 
(1521 bp) detected the virus in purified virus 
preparation up to 10 pg, isolated viral RNA up to 
5 pg and in pseudostem sap exudate and leaf extract 
of infected banana up to 10““ dilution. DIG probe 
appears better for routine large-scale detection of 
virus in banana. 


The viruses known to naturally infect banana {Muse 
paradmaca) are banana bunchy top (BBTV), cucumbei 
mosaic (CMV), banana streak (BSV), banana brad 
mosaic (BBrMV) and tobacco mosaic (TMV) viruses'-^. 

chlorosis disease on banana caused 
by CMV has been reported from many countries®'” In 
India this disease was reported from different banana¬ 
growing states'^-'®. The disease significantly affects 
banana growth and fruit yield-’. Further, the symptoms 
anterveinal chlorotic specks and streaks) induced by 
CMV-B on banana can be confused with similar 
symptoms mduced by BBrMV and BSV at certain stages 
or disease development (pers. commun.). 

The recommended strategy for the management of 
infectious chlorosis disease of banana is to identify 
CMV infected plants, rogue the diseased plants and 
replant with virus-free certified banana plants 

(suckers) . For successful implementation of this control 
practice, it is necessary to have specific, rapid and 
sensitive virus detection tests for indexing of banana on 
laige scale. In our previous paper we have compared 
enzyme-linked immunosorbent assays 
(ELISA) and one form of ELISA with infectivity 
bioassay on local lesion host and double stranded (ds) 
RNA analysis for detection of CMV infecting banana in 
Andhra P^desh . Srivastava et al}^ using heterologous 
P probe (CMV-P) identified the virus causing 
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infelious chlorosis of banan, in Ullor Pradesh » 

o “““riplion-polymerase chain 

reac ion ( T-PCR) assay has been used to detect CMV 
in banana in Australia^ 

In this paper, we report cDNA synthesis to CMV-B 
(isolated from Andhra Pradesh) RNA genome, cloning 
of cDNA into plasmid vector and detection of the virus 
with radioactive ( -P) and non-radioactive (DIG) probes 
in dot-blot hybridization. 


Banana plants showing infectious chlorosis were 
collected from commercial plantations in Andhra 
Pradesh and propagated by sap inoculation on tobacco 
[Nicotiana tabacum var. Harrison Special) and by 
injecting purified virus into banana plants”. Healthy 
banana plants were propagated by transplanting the 
virus-free plants (indexed by 

H.I i.x A rrvv 


The virus was purified from CMV-B isolate infected 
tobacco leaves as described by Walkey”. The 
concentration of purified virus was determined by 
considering 5 OD units = 1 mg (ref. 20). RNA was 
isolated from purified virus by SDS-phenol-chloroform 
method and its concentration determined by considering 
1 OD = 40pg(ref. 21). 

Two pg of CMV-B isolate total RNA was used as a 
template for the first strand cDNA synthesis. The first 
and second strand cDNA were synthesized following the 
protocol and materials provided in the cDNA synthesis 
kit (Boehringer Mannheim). The cDNA was treated with 
T 4 DNA ligase and ligated into Smal cut pUC 119 
vector and transformed E. coli DH 5 oc F' competent 
cells. The transformants were identified by screening on 
medium containing 5-bromo-4 chloro-3 indoyl-/3-D- 
galactopyranoside (x-gal) and isopropyl-y3-D thiogalacto- 
pyranoside (IPTG) as described by Sambrook et al.'^K 

Recombinant plasmid DNA was extracted from 
transformed E. coli strain DH oc5 F' by rapid boiling 
method . The plasmid DNA was screened for the 
presence ol cDNA inserts by digesting 1 pg equivalent 
recombinant plasmid DNA (1 OD = 50 pg) with EcoRl 
and Hindlll enzymes for 3 h at 37°C. The digests were 
analysed by low melting point agarose gel ( 1 %) 
electrophoresis in TBE buffer, pH 8.0 (ref. 21). 

The insert band (1521 bp) resolved in 1 % agarose was 
excised with sterile razor blade and 400 pi TE, pH 8.0 
was added and kept at 65°C for 10 min. Then it was 
extracted with phenol and chloroform and DNA 
precipitated with cold ethanol at -70°C for 2 h. The 
pellet was suspended in sterile water and used for 
preparation of and DIG probes. 

For radioactive (^^P) labelling and detection, insert 
DNA (1521 bp) isolated from CMV-B specific clone 
was labelled by nick translation using a--'*^P-dATP (ref. 
21). For non-radioactive labelling and detection, the 
procedures provided with DIG-DNA labelling and 
detection kit (Boehringer Mannheim) were followed. 
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Total nucleic acids were extracted from infected as 
well as healthy banana leaves and pseudostem sap 
exudates. Briefly, young leaf tissue (1 g) from infected 
banana plant was macerated in liquid nitrogen, 1 ml of 
each of extraction buffer (1 M Tris, pH 8.0, 10% SDS, 
0.5 M EDTA and 2-mercaptoethanol) and phenol and 
chloroform were added, vortexed well for 10 min and 
centrifuged at 13,000 rpm for 15 min. The supernatant 
was treated with proteinase K (10 mg/ml) at 37°C for 
30 min and extracted with phenol-chloroform mix 
followed by chloroform. The total nucleic acids in the 
aqueous phase were precipitated by adding 3 M sodium 
acetate to 300 mM and 2.5 volumes cold ethanol and 
stored overnight at —20°C. The above samples were 
centrifuged at 13,000 rpm for 15 min. Each pellet 
separately dissolved in 100 pi of TE, pH 8.0: 

The viral RNA (40 ng to 0.04 ng) and total nucleic 
acids of both healthy and infected banana leaf and 
pseudostem sap samples (10”'- 10 dilutions) were 
prepared in 10 X SSC. 

Nylon membrane (Amersham) was equilibrated in 
10 X SSC for 10 min and above samples (100 pi each) 
were applied to membrane using a Bio-Dot apparatus 
(Bio-Rad, Hercules, CA or Millipore). The nucleic acids 
were cross-linked to the membrane by using UV light 
energy and processed for hybridization. 

For radioactive probe, blots were prehybridized in 
20 ml/100 cm^ 0.5 M sodium phosphate, pH 7.2 
containing 7% SDS and 1 mM EDTA at 68°C for 6 h. 
Freshly denatured probe was added to nylon 

membrane containing fresh prehybridization solution (3 
ml/100 cm^ filter). The blots were incubated at 68°C for 
12-16 h. The blots were washed twice at room 
temperature for 10 min each with 1 X SSC containing 
0.1% SDS followed by two washes at 65°C for 15 min 
each time in 0.2 X SSC containing 0.1% SDS. Detection 
was carried out by exposing to X-ray film at —70 C foi 
7 h with intensifying screen. 

For non-radioactive probe, hybridization was carried 
out for 2 h at 68°C in 5 X SSC (1 X SSC is 0.15 M 
NaCl, 0.015 M SDS and 5% blocking reagent 
(Boehringer Mannheim)). The prehybridization solution 
was removed and replaced with 100 pl/cm^ of the same 
solution plus 0.2-0.5 pg/ml of the freshly denatured 
digoxigenin labelled DNA probe and incubated 
overnight at 68°C. After hybridization, membranes were 
washed twice in 2 X SSC and 0.1% SDS at room 
temperature for 5 min, twice in 0.1 X SSC and 0.1% 
SDS at 68°C for 15 min. The filters were detected using 
NBT and X phosphate as substrates in detection buffer 
(100 mM Tris, 100 mM NaCl, 50 mM MgCl 2 , pH 9.5). 

Various biological, serological and nucleic acid-based 
techniques have been used for detection and 
identification of CMV isolates naturally infecting 
different plant species^^’^^. The choice of these 
techniques is based on the available laboratory facilities 
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Figure 1. Agarose gel electrophoresis of recombinant plasmid DNA 
of selected clones digested with restriction endonucleases. Lanes I 
and 8, BRL 1 kb ladder; Lanes 2 to 7, clone 1, 6. 8. 15, 16 and 17 
respectively. 



Figure 2. Detection of CMV-B by dot-blot hybridization using 
probe. A, Total nucleic acids extracted from CMV-B infected banana 
(10"' to 10"’ dilutions from left to right); B, Total nucleic acids 
extracted from healthy banana leaf (10'‘ to lO"’ dilutions from left to 
right); C, Purified CMV-B RNA (40, 4, 0.4 and 0.04 ng from left to 
right). 


and expertise, sensitivity, cost and time factor. Nucleic 
acid-based techniques appear to be more sensitive and 
specific for detection of the virus even in very small 
quantities of test samples. In our previous paper we 
reported a simple method of collecting samples (sap 
exudate) from banana pseudostem for detection of CMV 
by three different methods, and suggested the potential 
applicability of direct antigen coating (DAC)-ELISA in 
large scale indexing of banana for virus infection . 

In the present studies, cDNA to the RNA genome of 
CMV-B isolate from Andhra Pradesh state was 
prepared, cloned into pUC 119 plasmid vector and 
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Fipre 3, Detection of CMV-banana by dot-blot hybridization 
using DIG probe. A, Pseudostem sap exudate from infected young 
banana sucker; B, Pseiidostem sap exudate from infected old banana; 
C, Pseudostem sap exudate from infected young banana; D,' 
Pseudostem sap exudate from healthy young banana; E. Leaf sap 
from young infected banana; F, Leaf sap from young healthy banana; 
G, Leaf sap from infected old banana; H, Leaf sap from old healthy 
banana; I, Purified CMV-banana isolate; J, Buffer; K, Isolated RNA 
of CMV-Banana isolate 


Row 

Column A-H 
(dilution) 

Column I 
(pg) 

Column K 
(pg) 

1 

10“‘ 

250 

50 

2 

10-2 

100 

25 

3 

10-^ 

50 

10 

4 

10“^ 

10 

5 

5 

10--^ 

5 

1 


transformed E. coli DH5 oc F' as recipient host. Plasmid 
DNA was extracted from 28 individual white colonies 
and checked by agarose gel electrophoresis. Among 
them, 6 clones were further screened individually with 
and //mdlll enzymes for the presence of cDNA 
inserts and clone 8 with 1521 and 344 bp inserts was 
selected for preparation of probes (Figure 1). probe 
detected total nucleic acids isolated from virus-infected 
banana leaf samples up to 10'^ dilution and isolated 
viral RNA up to 40 pg in dot-blot hybridization (Figure 
2). The DIG probe reacted with the virus in purified 
virus preparations up to 10 pg, isolated viral RNA up to 
5 pg and in infected banana leaf extract and pseudostem 
sap exudate up to 10“^ dilutions (Figure 3). However, the 
reactions appeared stronger with samples from young plants 
(column A, C and E) as compared to samples from old 
plants (column B and G). No background reactions were 
noticed in healthy samples with both the probes. The 
reactions with DIG probe appeared to be stronger with 
pseudostem sap exudate when compared to leaf extracts. 
Banana pseudostem sap exudate sampling by 
pinpricking is a simple, inexpensive and fast method in 
large scale virus indexing programmes like selection of 
virus-free planting material (suckers) when compared to 
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time-consuming preparation of extracts from different 
banana leaf samples. Pseudostem sap exudate samples 
can be blotted on to the nylon membrane at the field 
level and sent to ^e laboratory for further processing. 
Non-radioactive (like DIG) probes are increasingly used 
in virus detection programmes as compared to 
radioactive P probes because of inherent drawbacks 
like short half-life, expensive laboratory facilities for its 
use and of health hazardous nature^^ The reported 
detection levels using these probes varied with virus- 
host combinations. DIG probe can be used for longer 
period. In Australia BBTV was detected in banana using 
P and DIG probes^‘\ We suggest the potential 
applicability of DIG probe, particularly for detection of 
CMV in banana on large scale and probably in several 
other plants susceptible to infection of CMV-B isolate 
and other genetically-related CMV isolates. 
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Isolation of fungi from tropical peat 
of Southern India 
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PG and Research Department of Botany, Ramakrishna Mission 
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Peat samples from Sandynallah basin of the Nilgiris 
were screened by three methods for the presence of 
mesophilic and thermophilic filamentous fungi. The 
samples were collected from a depth of 62 to 244 cm; 
their radiocarbon age ranged from 3730 to >40,000 
yr BP. Only 24 fungi, including one thermophilic 
form, could be isolated from 17 peat samples. The 
genus Aspergillus was the dominant form. 

Peat soils are partially decomposed organic matter 
characterized by an acidic pH range and a high water¬ 
holding capacity. They are deficient in nutrients as well 
as oxygen^ There are only a few studies on the 
mycoflora of peats^ and even these are confined to the 
temperate regions. Therefore we screened some tropical 
peats for the presence of fungi. ^ 

Siikumar et and Geeta Rajagopalan et al. 

collected peat samples from Sandynallah region in the 
Nilgiri hills for palaeoclimatic reconstruction studies. 
These samples were obtained from Sukumar and 
screened for the presence of fungi. Sandynallah basin is 
at about 2200 m asl and receives a mean annual rainfall 
of about 1400 mm"^. The peat is derived from C 3 and C 4 
plants growing in this valley"^. The radiocarbon age of 
the peat samples as analysed by Sukumar et al. and 
Geeta Rajagopalan et al.^ ranged from 3730 to >40,000 
yr BP (Table 1). The peats were collected from a depth 
of 62 cm to 244 cm during October and December 1993, 
They were screened for fungi using Warcup method^, 
soil steaming^ and soil dilution plating methods . 
Czapek-Dox agar medium (pH 4.5) was used for 
isolating mesophilic fungi and yeast phosphate soluble 
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Table 1. Radiocarbon ages of the peat 
Sandynallah* 

samples collected from 

Sample no. 

Depth (cm) Radiocarbon age ± SD (yr BP) 

1 

62-64 

3730± 100 

2 

78-80 

4560±100 

3 

95-98 

5370± 150 

4 

110-113 

11820± 180 

5 

115-118 

18440 + 510 

6 

121-124 

28150 ± 2180 

7 

129-132 

25190 ±660 

8 

141-144 

28410+ 890 

9 

153-156 

22450 ±410 

10 

159-162 

31790 ±1180 

11 

165-168 

31380 + 1140 

12 

171-174 

35560 ±2480 

13 

180-183 

39690 ± 2700 

14 

189-192 

>40,000 

15 

201-204 

>40,000 

16 

217-220 

>40,000 

17 

241-244 

>40,000 

*Data taken from ref. 4. 


Table 2. Fungi isolated from peat samples 


Fungus 

Soil samples 
from which isolated* 

Deuteromycetes 

Aspergillus fiimigatus 

1-11, 13, 15-17 


A. clavatus 

5 


A. niger 

8 , 10 , 16, 17 


A. chevalieri 

7. 10. 15, 16 


A, flavus 

10 


A. terreus 

4# 


A. candidiis 

4# 


A. prolife runs 

9 


A. nidulans 

9# 


A. ochraceus 

13, 16 


Curvidaria sp. 

2, 12, 17 


Drechslera sp. 

1-3,7, 10, 11, 15, 16^ 


Fusariuni sp. 

15 


Penicilliuin sp. 

1,2, 6 , 8 , 9, 11-14, 17 


P. wortinanii 

3, 16 


Trichoderma sp. 

1,3,5, 7, 10, 15 


Geotrichum sp. 

4# 

.A.S corny cetes 

Talaromyces sp. 

1-6, 8,9, 11, 12, 16 


Eurotiiim sp. 

2, 5 


Chaetomium sp. 

5** 

Zygomycetes 

sp. 

4, 6 , 12-14 

M. pusillits 

1 , 3-6, 8 , 9, 11-14^ 


Syncephalastrum racemosum 7, 11, 17 


Mortierella sp. 

9, 11 


’isolated by dilution plating. 
^Isolated by Warcup method. 
**Isolated by soil steaming method. 


starch agar medium (pH 4.5) for thermophilic fungi. 
Prepared petri dishes were incubated for 12 days at 
30+ 1°C or 45°C (for thermophilic fungi). The species 
diversity was calculated using Shannon-Weaver Index 
and the percentage of occurrence of Aspergillus was 
calculated using the following formula; 
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Total no. of all colonies of Aspergillus 


species in 6 plates 

—-xlOO. 

Total no. of colonies of all the species in 6 plates 

A total of 24 different species of fungi were isolated 
from the different peat samples (Table 2). Of these, 
70.8% belonged to the Deuteromycetes. 12.5% to the 
Ascomycetes and 16.7% to the Zygomycetes. The genus 
Aspergillus constituted nearly 60% of the 
Deuteromycetes and was represented by 10 species 
(Table 2). The percentage of occxin&nct of Aspergillus 
species tended to increase with increasing depth of the 
peat although, the species diversity of the fungi, in 
general, decreased with increasing depth (Table 3). 
These observations indicated the adaptability of this 
genus to such a habitat. The preponderance of 
Aspergillus in tropical peat is interesting since 
temperate peats harbour less or no Aspergillus^-^. The 
peat samples harboured less number of fungi than 
normal soils. This, as well as the reduction in species 
diversity with depth could be due to low temperature, 
water-logging conditions and anaerobic environment. 
These conditions favour peat formation in the tropics'* 
but are inimical to fungi*®. 

Kustes and Locci'* reported the presence of thermophilic 
fungi in peat. In the present study, Mucor pusillus, a 
thermophilic fungus was occasionally isolated, suggesting 
that such fungi can occur in tropical peat also. A 
Chaetomium sp. could be isolated only by soil steaming 
technique—justifying the fact that more than one type of 
isolation technique should be used in such studies. 

Our study shows that tropical peats harbour restricted 
number of fungi, perhaps due to selection pressure, and 
Aspergillus is the most dominant fungus in such peats. 


Tabic 3. Species diversity (Shannon index) and % of occurrence of 
_ Aspergillus in peat 


Depth (cm) 

Species diversity 

% occurrence of 
Aspergillus 

62-64 

1.5 

20 

78-80 

1.5 

11 

95-98 

1.2 

13 

110-113 

0.7 

9 

115-118 

0.9 

9 

I21-I24 

1.3 

2 

I29-I32 

1.0 

68 

141-144 

0.9 

70 

153-156 

0.5 

6 

159-162 

0.8 

12 

165-168 

0.8 

4 

171-174 

0.3 

4 

180-183 

0.5 

43 

189-192 

0.1 

5 

201-204 

0.7 

61 

217-220 

0.5 

39 

241-244 

0.8 

43 
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Tiny digitate stromatolite (Yelma 
digitata Grey), Chitrabhamikot 
Formation, Kaladgi Basin, India 

Mukund Sharma, Sushma Nair*, Shilpa Patil*, 
Manoj Shukla and Vivek S. Kale*’^ 

Bilbal Sahni Institute of Palaeobotany, 53, University Road, 

Lucknow 226 007, India 

‘’^Department of Geology, University of Pune, Pune 411 007, India 

Tiny digitate stromatolite Yelma digitata Grey, 1984 
(ref. 1) has been recorded from Chitarbhaiiiikot 
Dolomite Formation, Bagalkot Group of Kaladgi 
Basin for the first time. They are columnar, parallel 
branched, multifurcate to bifurcate, walled, having 
cornices at places. Individual fascicles are rounded in 
cross section. Individual columns are 20-50 mm in 
height and 3-5 mm in diameter. Its microstructure is 
regular banded type and microfabric is radial 
fibrous to vermiform. 

The occurrence of Yelma digitata has been 
recorded from Orosirian (Late Palaeoproterozoic) 
sediments in other parts of the world. Its occurrence 
suggests that the Bagalkot Group may be older than 
previously considered. 

The Kaladgi Basin on the northern edge of the Dharwar 
craton, contains shallow marine sediments, divided into 
the older Bagalkot Group and younger Badami Group^’^. 
The oldest sequence in this basin, comprising the basal 
units of the Bagalkot Group, represents a transgressive 
suite of shoreline siliciclastics (Saundatti Quartzite and 

^For correspondence. 

CURRENT SCIENCE, VOL. 74, NO. 4, 25 FEBRUARY 1998 




RESEARCH COMMUNICATIONS 



Figure 1. Outline geological map of the Yargatti area showing the 
location of the occurrence of Yelmii dif’itcila-hcanng horizons. 


Manoli Argillites) which grade laterally and vertically 
into tidal-flat carbonates (Chitrabhanukot Dolomite) 
interbedded with washed, silicified products of 
synsedimentary fault-generated intraformational debris 
(Mahakut Chertbreccia)'*. Stromatolites are known from 
the various carbonate formations in the Bagalkot 
Group^'®. All the stromatolitic forms recorded from this 
basin so far, such as Collenia, Conophyton, Kussiella, 
etc., are megascopic forms of centimetre scale 
dimensions and have been interpreted to represent Early 
to Middle Riphean (= Mesoproterozoic) age of the host 
sediments. The present report is of much smaller forms, 
constituted of millimetre scale digitate microcolumnar 
stromatolites. 

These tiny stromatolitic forms were first collected 
during the joint field studies undertaken in 1993. Their 
best exposure occurs north of Yargatti, along the 
Gokak-Saundatti road, in the Belgaum district of 
Karnataka state. The beds dip by up to 25° towards the 
north and the strike swirls from a ENE-WSW direction 
to an E-W direction from east to west (Figure 1). 
Several horizons containing the ministromatolitic forms 
occur in this section, which extends for almost a 
kilometre in the dip direction. They occur in the form of 
tabular or domed biostromes of 0.5 m to 2.0 m thickness 
within which almost contiguous bioherms are present. 
Eleven cycles of biostromes have been reqorded in this 
outcrop, extending for 300-350 m in the strike 
direction, although on the eastern side of the road the 
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outcrops are masked by cultivation more profoundly. 
Each cycle consists of stratiform laminae of the 
dolomite overlain by Yelma digitata and capped by a 
horizontally, discontinuously laminated dolomite. Their 
taxonomic description is given below, following the 
standard international practice of stromatolite 
taxonomy’. 

Group: Yelma Grey, 1984 
Yelma digitata Grey, op cit' 

Type Form: Yelma digitata Grey, 1984 from the upper 
parts of the Yelma Formation, near Sweetwaters Well, 
Frere Formation near Simpson Well and possibly 
south of Lake Carnegie, Earaheedy Group, Western 
Australia, (ref. 1, pp. 45, 50-52, plates 28-32, figure 
30). 

Material: Besides the field exposures, several well 
preserved specimens have been collected. The type 
specimens (nos. KAL/Yar/1-3) and one large thin 
section (KAL/CHBD/TS-281) from the 
Chitrabhanukot Dolomite exposed near Yargatti are 
lodged in the Geology Department, Pune University. 
Mode of occurrence: These forms occur as closely 
spaced, bushy, interlocking fascicles (Figure 2 a-f, 
Figure 3 a-f). In the lower parts of each cycle, 
stratiform laminae and stylolites are common. Often 
the columns of Yelma digitata start from a flat to 
slightly undulating substrate. The small bulbous 
stromatolites develop into domal laminae and 
subsequently divide into thin tapering columns. 

Lamina: Lamina profiles range from flat to gently 
convex throughout most of the columns. Those 
involved in the wall formation of column taper 
downward. Individual laminae are almost continuous 
in each column. The two types of laminae (light and 
dark) can be distinguished. Some of the light laminae 
can be further subdivided into still lighter or pale 
coloured ones. This difference may be due to the 
inclusion and diffusion of degree of pigment content 
from overlying or underlying darker laminae. 

Fascicle morphology: Fascicle morphology shows little 
variation in the entire stromatolite buildup, other than 
those on the margin of bioherm, which display 
relatively large inclined branching. Individual 
fascicles have rounded cross-section and may be of 
20-50 mm in height. Each column is composed of 
closely spaced laminae with low synoptic relief. The 
columns widen upwards before branching out, 
reaching a maximum diameter of 3—5 mm at about 15- 
20 mm from the base. 

Column shape and margin structure: Individual columns 
are cylindrical, turbinate or turret shaped (Figure 2 c). 
Cross section of the columns are rounded, darker 
laminae overgrow the column width and project 
downwards. The irregularities of the column margins 
resemble cornices or ruggedness in the columns. At 
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;tween columns shown in Figure 2 g and microstructure of the Feima 
ht laminae of regular banded type; e. Enlargement of M^Jnlbri 

lull oliu.r .1 in Figure 2 b showing microstructure of Yelma digitata, g i, 
and dMk laminae. Scale bar in all cases represents 1 mm. 


Figure 3. a, Enlargement of bridging between columns snuw. 
the Yelma digitata showing dark and light laminae of regular 
fibrous fabric;/. Enlargement of the portion shown in Figure 2 
showing radial microstructure with light a--- 
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few places, bridging has also been noticed (Figures 
2^and3fl). 

Branching habit: Branching is multifurcate and 
occasionally bifurcate. Branches are parallel near the 
centre of the fascicle, becoming slightly divergent and 
inclined on the margins (Figure 2 b, c). 

Microstructure and texture; The microstructure of Yelma 
digitata is regular banded type. Details of the original 
microstructures are generally masked by subsequent, 
extensive recrystallization. The microtexture of 
Yelma digitata ranges between vermiform and radial 
fibrous. 

Light laminae are generally thicker than the dark 
laminae and range in thickness from 120 to 250 jim 
with an average thickness of 178 (xm. Some of the 
lighter laminae show relict texture of fibrous 
carbonate mineral which is present at right angle 
to the light^ laminae. In lighter laminae, those 
displaying relict texture are thicker and may reach up 
to 1-1.5 mm. The fibrous laths are at right angles to 
the laminae, some of them are acicular in nature 
(Figures 2 i and 3 e, g, h). The fibrous or acicular 
nature of carbonate mineral is better preserved in the 
stiomatolites which.are silicified, in comparison to 
those which are dolomitized. These fibrous layers are 
still lighter or pale coloured. 

The dark laminae are of two types, the thicker ones 
are bordering the less darker laminae and others are of 
inteimediate type in colour. The outer darker laminae 
project out of the column and form cornices. The 
thickness of the dark laminae varies between 50 and 
90 )j,m. 

Interspace filling: The interspaces are occupied by 
micritic dolomite. Micritic layers are dull brownish 
yellow in colour. These laminae terminate near the 
columns abruptly. 

Secondary alteration: Recrystallization is extensive as 
reflected by coarse mosaic of equigranular, polygonal, 
idiotopic carbonate grains which range from 20 to 
30 pm in diameter. Some rhombic grains are also 
present, most of which are secondary in origin. 
Stylolites are frequent and occasionally calcite veins 
traverse several columns. 

Diagnosis: The present forms from the Chitrabhanukot 
Dolomite are very closely similar to the characteristic 
features described for the type form, although they are 
slightly smaller than the type form of Yelma digitata 
reported from Nabberu basin’. Regular banded 
microstructure and radial fibrous fabric of the 
framework are further distinguishing features. The 
present form differs from comparable forms such as 
Semlkhatov^ Parmites Raaben\ Kotuikania 
Komar and Anabaria Komar'® in the same 

parameters as those recognized by Grey, 1984 (ref. 1, 

pp. 45 and 50) for the forms from the Yelma 
Formation in Australia. 
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Tiny digitate stromatolites are considered to be 
characteristic of Palaeoproterozoic sequences and 
have been reported from different parts of the 
world'”’-. Although the origin of these mini- 
stromatohtic forms is a matter of debate like the other 
megascopic stromatolitic columns and colonies’”'’'’ 
there are sufficient reasons, as described above, to 
consider these tiny digitate forms as being 
unequivocally biogenic. ^ 

The present report of Yelma digitata from the 
Chitrabhanukot Dolomite in the Kaladgi Basin is the 
first record of this form of stromatolites from the Indian 
Pioterozoic sediments. While stromatolitic occurrences 
are not new in the Kaladgi Basin, the significance of this 
report lies in two basic aspects. No microstromatolitic 
forms had been earlier described from this basin. The 
form Yelma digitata is thus new to the stromatolitic 
assemblages from the Purana Basins of India. This form 
has been previously recorded from several localities in 
the Yelma and Frere formations, Earaheedy Group 
of die Nabberu Basin in Western Australia. The age of 
theii host sediments is Palaeoproterozoic 
(Orosirian = 2050 Ma-1800Ma)’. The Bagalkot Group 
from the Kaladgi Basin, which had been assigned ages 
ranging from Late Precambrian to Early Palaeozoic, is 
now recognized to be comparable with the Cuddapah 
sediments (particularly the Papaghni and Chitravati 
Group) of Early Riphean/Mesoproterozoic age^'’”. In the 
absence of definitive fossils and geochronological data, 
stromatolitic assemblages from the various carbonate 
horizons (including the Chitrabhanukot Dolomite) and 
gross lithological similarities have been used to 
establish this correlation for the Bagalkot Group. The 
current report of Yelma digitata Grey, indicates that the 
deposition of the host Chitrabhanukot Dolomite may 
have taken place earlier than previously considered; and 
that they may be of Late Palaeoproterozoic-Early 
Mesoproterozoic age. It is significant that recent dating 
of the Cuddapah Supergroup’® has indicated that 
deposition in that basin may have been initiated around 
1800 Ma or even slightly earlier. Thus, the age for the 
Bagalkot Group indicated by the occurrence of Yelma 
digitata is in agreement with the age of its equivalents in 
the Cuddapah Basin. 

The generation of megascopic columnar stromatolite 
forms is an index of the relatively quite water 
environments in which the microbial (algal) mats 
trapped the carbonate particles’”'”. The turbulence in 
the depositing waters needs to be severely restricted to 
permit the development of the columnar bioherms and 
larger reefs. In presence of such turbulence (even of 
minor magnitude), the growth of the columns can be 
curtailed severely. Columnar stromatolitic forms of 
much larger dimensions are known from other exposures 
of the Chitiabhanukot Dolomite in the Kaladgi Basin. 
None are, however, developed in the section parallel to 

CURRENT SCIENCE, VOL. 74, NO. 4, 25 FEBRUARY 1998 




RESEARCH COMMUNICATIONS 


the road (Figure 1) from where the presently reported 
form was collected. This suggests that the local 
depositional environments in which the eleven 
cycles bearing Yelma digitata were deposited were 
relatively more turbulent than those in other sectors of 
the Kaladgi Basin. Recent studies^^’’^ have indicated 
that significant rhythmicity, often controlled by 
synsedimentary basement tectonism has been preserved 
in the carbonates from the basal sequence of the 
Bagalkot Group. The presence of the cycles of 
ministromatolites in the lower beds of the 
Chitrabhanukot Dolomite near Yargatti further reaffirms 
this observation. 
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Downslope soil movement in a 
perigladal region of Garhwal 
Himalaya: Rates, processes and 
climatic significance 

Ajay K. Naithani and C. Prasad 

Laboratory of Environmental Geology, Department of Geology, P. B. 
86, H. N. B. Garhwal University, Srinagar (Garhwal) 246 174, India 

Soil-movement rates, processes and landforms 'were 
studied in periglacial zone of Central Crystalline, 
Garhwal Himalaya. Maximum rates of downslope 
movement measured in solifhiction lobes and 
terraces range from 3.0 to 4.0 mm/yr. Rates of 
displacement were strongly influenced by differences 
in moisture availability and gradient. Three years of 
study indicate that movement is currently confined 
to the upper 60 cm of soil. Solifluction is a more 
effective process in the saturated axial areas of 
solifluction lobes in wet sites, but is less effective 
than frost creep at their edges. Solifluction lobes and 
terraces are the results of intense solifluction 
beneath a cover of vegetation; they form where 
downslope movement is impeded, and are normally 
associated with a decrease in gradient as they occur 
on concave lower slopes. 

In India, periglacial features are restricted to the 
Himalayas and the limits of periglacial landscape are 
from 4700 m.a.s.l to 6000 m.a.s.l, covering an area of 
about 5% of the total Himalayan area^ The snow, ice 
cover and glaciers in Himalayas have fluctuated between 
wide limits in the past and this phenomenon is being 
observed even today. The snow-ice and glacier regime 
influences the climate of the region and the vegetation 
cover and landscape features. Above the timber-line is 
the region of gelifluction lobes with turf-banked fronts 
and gliding boulders, with shrubs like Rhododendron, 
Clematis, Berberis, Hypericum and Salix. Common 
herbs of this zone are Thalictrum, Paeonia, Copsella, 
Viola and Spiraea. Above this is a zone characterized by 
stone-banked terraces, stone stripes and vegetation, 
consisting of cushion plants, tussock grasses, tall herbs 
and many shrubs; higher still is the ‘frost-shatter zone’ 
with much bare rock, extensive block fields and patterned 
ground. In high alpine belt, vegetation grows in patches 
and on debris. Corydalis, Sedum, Berginia, Pernassia, 
Leontopodium, Polygonium, Genm elatum, Iris, Juncus 
and Luziila are important species of this zone. Stability 
of the periglacial slopes is controlled mainly by the 
strength of slope materials. Lobes and terraces are the 
results of intense solifluction beneath the cover of 
vegetation. They form where downslope movement is 
impeded, and are normally associated with decrease in 
gradient, viz. on concave lower slopes. Much of the 
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Figure 1. Location map of the study area. 


Table 1, Classification of landforrns produced by downslope soil 
_ movements around Kedarnath area 



No. surface 





expression 

Lobate 

Terrace-like Location 

Unsorted 

Unsorted 

sheet 

Solifluction 

lobe 

Soil 

terrace 

Around Kedarnath 
and Vasuki 

Sorted 

Blockfield 

Stone- 

banked 

Stone- 

banked 

Tal area 

Around Panya Tal 
and north 



lobe 

terrace 

of Kedarnath 


alpine region is saturated during the spring thaw, and 
significant solitluction occurs only in areas where the 
water table remains high enough during the fall freeze to 
permit thick ice-lens development. 

The area of investigation is located below the 
perpetual snow line around Kedarnath (Figure 1), with 
development of landforrns which are the results of 
polycyclic endogenic and exogenic processes operating 
with varying intensities through time. The area comes 
under the Central Crystalline belt of Garhwal Himalaya, 
mainly comprising folded and faulted, medium- to high- 
grade metamorphic rocks. The periglacial zone lies at an 
average elevation of about 2760 m to 4920 m in this 
region. The total rainfall (average of 1994 to 1996) from 
May to September is 2150 mm. The mean monthly 
temperature in open, ranges between 0 and TO, in May 
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and 8 and 20 C in July. Daily melting of the snow keeps 
the rocks throughly soaked with water at zero 
temperature, hence the action of frost is more than 
usually effective in splitting them into pieces. Several 
features related to the work of frost, nivation and 
gelifluction characterize areas of past and present 
periglacial activity. On a fairly flat ground, patterned 
ground occurs, while on steeper slopes (36°-45°) of 
moderate gradient (26^^35°), steps and stripes are 
observed. Depositional features include protalus 
ramparts at the foot of relatively steep slopes, and 
gelifluction terraces below more gently sloping snow 
patches, Cryoplanation terraces represent the main 
crosional features, often structurally-controlled whose 
edges are marked by cliffs and tors. 

Most landforrns produced by downslope soil 
movements are polygenetic. In classification of 
landform, we have adapted a descriptive terminology 
based on the parameters used by Washburn^ in his 
classification of pattern ground. These are surface 
expression and the presence or absence of sorting (Table 
1, Figure 2), The flow-dominated failures are most 
common and could be classified according to speed of 
movements and surface forms, into the following three 
categories*, solifluction, skinflows and ground ice 
slumps. 

Solifluction is a slow, downslope movement of 
saturated, nonfrozen earth material, behaving apparently 
as a viscous mass, over a surface of frozen material and 
affecting the whole or a part of active layer'^’l 
Solifluction involves two closely related though distinct 
processes, gelifluction and frost creep^. 

Gelifluction is described as a downslope flow of 
saturated soil associated with thawing of frozen ground^ 
(Figure 3). Permanently or seasonally frozen subsurface 
layers prevent downward percolation of moisture. The 
upper layer affected by seasonal thawing (the ‘active 
layei ) becomes soaked with water from melting snow, 
from melting of any temporary segregations of ice 
within it or from rainfall. In the study area, the melting 
of ground ice is the principle source of moisture. The 
effect of excess water in the active layer is to reduce its 
sheai strength. The shear strength of a material depends 
on internal friction and cohesion. Soaking of debris with 
water thus reduces both internal friction and cohesion, 
and also increases the weight of material. Snow patches 
resting on the active layer may also contribute to 
instability by their weight. In the first place, ice layer 
formation will disrupt frost-susceptible material, 
forming discontinuities at the ice surface which serves 
as significant plane of weakness when the ice melts. 
Secondly, it increases the void ratio and therefore 
permeability, and in turn reduces cohesion between the 
particles. These conditions persist during thaw, and 
allow the material to absorb more water, if it is not 
already saturated. 
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Figure 2. Map showing the periglacial geomorphic features of the suitiy area. 


Frost creep may be defined as the ratchet-like 
downslope movement of particles as a result of frost 
heaving of the ground and subsequent settling on thaw . 
Gelifluction and frost creep may occur in areas of frozen 
ground, seasonal or diurnal^. Gelifluction and frost 
creep on a large scale are more characteristic of areas 
not experiencing warm summers and where the mean 
annual air temperature is not higher than 1°C (ref. 10). 

In winter, frost heaving normal to the slope is 
dominant, and during summer, gelifluction gradually 
takes over and particles move parallel to the surface. 
October is the month when both gelifluction and frost 
creep occur, while later in the year frost heaving again 
becomes dominant, although the movements are slow. 

Skinflows, active layer glides^ ^ or active layer 
detachment^^ are more rapid failures, involving the 
detachment of a thin veneer of vegetation and soil which 
flows or slides down the slope over a frozen subsoil. 
Skinflows are usually ribbon-like in plan and result from 
a sudden disturbance of thermal conditions in the active 
layer due to heavy rainfall (Figure 4), high air 
temperatures and high day—night tempeiature 
fluctuations. Skinflows generally occur on slopes of 25 
to 10° gradient. 

Ground ice slumps result from rapid thawing of ice- 
rich permafrost^^ Basal erosion of valley sides 
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Figure 3. Gelifluction lobe, associated with thawing of frozen 
ground. Melting of ground ice is the principle source of moisture. 


frequently initiates such failures when exposed to 
ground ice on a scarp and ablates back, releasing 
sediments as it retreats. The sediment flows and slides to 
the base of the scarp where it flows away as a mudflow 
apron or a lobe of much lower gradient. 

Stone-banked terraces are defined as terraces or 
garland-like accumulations of debris overlying a 
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Figure 4, Active layer detachment on slope side caused by heavy 
rainfall. On the background of the slope, perpetual snow-line exists. 



Figure 5. Periglacial features include stone-banked lobe (occur 
average 17“ slope) (1), solifluction lobes (2), Scree deposits (3), 
cirque (4), etc. in the Vasuki-Panya Tal area. Altitude approximately 
3500-5100 m. i- j 


relatively free-moving subsoil. Stone-banked terraces in 
the study area occupy south and east-facing slopes with 
an average gradient of 18°. There is a partial overlap 
between the slope and exposure requirements of 
solifluction and stone-banked terrace; where both occur 
on the same slope, the latter commonly overrides the 
former, suggesting a difference in time or rate of 
movement. The fronts of stone-banked terraces are 
lobate, steep and rocky. The material at the rear of the 
tread is a mixture of soil and rock fragments, covered 
with vegetadon. Fragments of tabular gneisses and 
blocky granites, amphibolites and quartzites are rock 
types occurring in stone-banked terraces. 

Stone-banked lobes are defined as lobate masses of 
rocky debris underlain by relatively stone-free, fine- 
textured, moving soil. Stone-banked lobes occur on 
south- and east-facing slopes with gradients of 10° to 
(I^^Stire 5). Stone-banked lobes and terraces 
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frequently occur together in the same ai'ea, and many of 
the terraces have developed on the merger of closely- 
spaced stone-banked lobes. Stone-banked lobes also 
occur at the front of isolated ‘stone streams’ and along 
the lower margins of scree slopes below persistent snow 
banks. The treads of stone-banked lobes are composed 
of rock debris without a visible fine material. 

The experimental site is located on the rise of a large 
and relatively stable solifluction terrace on the right 
bank of Mandakini (Figures 6 and 7). Its elevation is 
3558 m, and slope is towards northeast at 8°. The 
surface of the slopes southeastward is at an angle of 
about 8°, steepening near the front, where it bulges 
outward. Winter snow accumulation is heavy all along 
this site. The rapid movements on this solifluction 
terrace, are caused by a small stream that originates on 
the interconnected borders of sorted polygons over the 
terrace surface, and it leaves the terrace through a rocky 
stiipe and across this surface. The stream derives its 
water from melting snow, and ground ice. It flows 
throughout the warmer months of the year, keeping the 
central portion of the terraces saturated during the 
critical spring thaw and fall freeze periods. 

Annual lates of movements were measured on 
solifluction teiraces. This study was conducted to 
evaluate the processes involved in downslope 
movemeift, to determine flow pattern, and to measure 
the dilterences in movement rates with depth. 

Monthly movement recordings were initiated in May 
1994, when 16 stone stakes were installed along a 
theodolite line crossing the axis of terraces. Benchmarks 
foi monitoring consisted ot 1.5 m long wooden pegs, 
cemented in concrete up to a depth of 60 cm and 
surrounded by coarse sand and gravel. Stakes were inserted 
to the depths ot 30 and 60 cm. Displacement was measured 
parallel to the ground surface between a reference line 
drawn on each stake and a vertical straight edge positioned 
on the theodolite range line. Stakes were monitored 
between May 1994 and July 1996. 

The results of this monitoring are shown in Figure 8. 
During three recordings, average rate of movements 
varied from 3 mm/yr at the edge of the terrace, to 
40 mm/yr along its axis.The depth of buried stakes 
becomes progressively shallower as a result of frost 
heaving. Data from the first year of study indicates 
greatei displacement of 30 cm than of 60 cm stakes. 
This suggests that the surface soil is moving more 
rapidly than the soil at depth. 

Heaving of stakes relative to the ground surface is 
proportional to the total thickness of segregated ice 
lenses in the layer of soil surrounding the stakesAs a 
result, stakes driven to depths of 60 cm were thrust up 
further out of the ground than stakes driven to depths of 
30 cm. 

Data for 1994 to 1996 shows that rates of soil 
movement increase downslope along the axis of the 
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(Locality; Inbelween Dudhganga and Madhuganga ) 

Figure 6. Map showing the positions of movement marker in solilluction terrace. 



Figure 7. Measurement of surface soil movement rates 
(experimental site) on solifluction terrace, on right bank ot 
Mandakini in Kedarnath area. The line of pegs traverses the upper 
part of the terrace. 

lobe, reaching maximum values a few meters behind the 
front (Figure 9 a). Closer to the front, the lower water 
table and restraining turf layer cause movement to the 
retarded. 

Direction of soil movements has been inferred from 
the orientations of plants roots that penetrate deeply into 
the moving soil and estimated from the positions of 
plants with respect to their root tips. Additional 
information was obtained from annual measurements of 
tilting of movement pegs. 



Figure 8, Displacement (cm) of stakes. Black dots represent stakes 
inserted to a depth of 60 cm, and open circles represent stakes 
inserted to a depth of 30 cm. 
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Figure 9. Rates and inferred directions of soil movement, a. Measured rates of movement (cml 
Directions of soil movement inferred from the tilting of pegs and the orientations of plants. 


are greater along the 


axis of the lobe; b. 


Both lines of evidence suggest that movement at the 
rear of lobe is directed obliquely downslope and towards 
the axis of the lobe (Figure 9 b). Nearer the front, 
directions of movement shift so that the soil is flowing 
away from the lobe axis. The directions of movement 
are directly related to variations in velocity; wherever 
the movement along the axis accelerates, the ground 
surface subsides and depression develops. Soil moves 
inwards from the edges of the lobe to replace soil that 
has moved out of the axial area. Near the front of the 
lobe, where movement is related, the ground surface 
bulges upward, creating a local slope away from the axis 
of the lobe and the soil moves outward in response to 
this gradient, resulting in maintaining equilibrium 
surface profile. 

A distinctive suite of periglacial mass movement 
processes may be defined, since all the characteristically 
associated with the thawing of frozen groundA 
periglacial mass movement is associated with the 
thawing of frozen ground. The initiation of instability 
and subsequent movement velocities depend more on the 
ice content of the thawing soil ^nd its rate of thaw than 
on slope gradients^l Since ice contents of frozen 
material are often extremely high, thawing may lead to 
the release of a greater volume of water than what can 
normally be accommodated by the soil pore space. 
Under these circumstances, slope failures are likely even 
over very gentle slopes. 

The presence of frozen subsoil (at depth 60 cm) 
results in the mass movements described as solifluction 
and skinflow, and ground ice slump appears to be 
largely translational rather than rotational in character. 
However, some deep-seated rotational slides also occur 
through fiozen ground, and the base of such failures 
generally pass through underlying unfrozen material^'^. 
Four factors may be cited as being of particular 
significance in affecting the amount of ice segregation 
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duiing soil freezing: (i) the pore spaces of the soil, (ii) 
the moisture supply, (iii) the rate of heat extraction and 
(iv) the confining pressure. It appears that the 
susceptibility of a soil to ice segregation increases as 
poie space decreases. The rate of heat extraction is a 
major factor in controlling the rate of penetration of the 
freezing front. This in turn is directly related to the rate 
of frost heaving and is inversely related to the heaving 
latio (heave per unit depth). The high freezing rates 
reduce the time available for water migration to the 
freezing front, so that the extent of heaving is reduced, 
resulting simply from freezing of in-situ pore water^^"^^. 
The reduction in frost heave results from increasing 
confining pressure. 

In the study area, solifluction takes place mainly 
during late summer at the time of the maximum thaw 
penetration. The most recent slides may be because of 
high-pore water pressure due to the thaw consolidation 
in an active layer over permafrost. Year-to-year 
variation in movement rates as a factor of 8, with high 
values in years with little snow, deep freezing of soil, 
early clearance of snow in spring, and subsequent 
thawing from surface. Low-movement rates resulted 
from high snowfall, shallow freezing, and late clearance 
of snow resulting in thawing of the frozen soil lai*gely 
from the bottom upwards. 

Gelifluction and frost creep may affect a wide range 
of material, ranging from alluvial silts and clays, and the 
diamictons of glacial or periglacial origin, to scree. The 
talus shift involves creep movements of individual scree 
fiagments due to disturbances by such agencies as 
rockfall, needle ice, localized sliding, etc.^^’^^, and 
affects the slopes close to their angle of repose. On 
gentler periglacial slopes, residual soils and till often 
suffer frost sorting which brings coarser material to the 
surface, leaving finest at depth^^ This fine-grained 
substrate may well be frost susceptible, leading to frost 
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heaving in winter and solifluction during summer thaw. 
The sorted stripes, stone-banked lobes on steeper slopes, 
shallow lobate slides, represent the morphological 
expression of downslope movements. 

Solifluction terraces in the study area occupy slopes 
of 3"* to 18°, with an average gradient of 10°. The 
terraces are largely restricted to east- and west-facing 
slopes, where moisture is abundant and evenly 
distributed along the contour and where the deposition 
of windblown soil (loess) eroded Ixom exposed west¬ 
facing slopes. 

Wherever the winter snow accumulation is thick, 
sorting processes are ineffective, and solifluction 
terraces are covered with dense vegetation. On the other 
hand where the winter snow is shallow, the moist treads 
of the terraces show effects of intense frost activity. 
Elsewhere in the study area, sorted polygons, 3 to 10 m 
in diameter, occur near the front of terraces at the 
northwestern end of Vasuki Tal area. Small active 
polygons, 1 to 4 m in diameter, occupy the floor of 
shallow ponds on terrace treads. Most of such ponds are 
irregularly shaped, but some are elongated parallel to 
the prevailing wind direction. Hummocks occur where 
winter snow is thick enough to provide protection from 
wind erosion, but thin enough (generally 10-50 cm) to 
permit deep frost penetration. At less protected sites, the 
hummocks arc replaced by frost boils, which form 
narrow, relatively snow-lVee zones over the rise of the 
terraces. Parallelling fronts of the terraces, and 
associated with frost boils, are tension cracks caused by 
differential heaving. 

The above discussion has shown that the most 
important aspect of periglacial slopes formed in 
unconsolidated soils is the presence of ice-rich frozen 
ground. Thawing of such frozen ground is liable to 
release excess water and promote significant loss 
of strength in the newly-thawed soil as normal 
stresses are transferred to the pore water during 
consolidation. Mass movements on very gentle 
slopes may result. Solifluction represents the annual, 
widespread, slow, mass movement of the active 

layer during thaw. Sporadic localized failures producing 
rapid flows and slides are generally superimposed^ on 
slopes suffering some degree of solifluction. 

They usually result from accelerated thawing initiated 
by such events as abnormally high temperatures or high 
rainfall. 

Downslope movements in the Kedarnath area reflect 
the difference in gradient and availability of autumn 
moisture. Since the gradient has remained 

virtually constant through time, periods of rapid 

downslope movements are inferred to have been at times 
when moisture was in plenty at the beginning of 
freezing. 

Soil-moisture distribution is intimately related to the 
availability of snow during winter seasons. 
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The relative importance of frost creep and solifluction 
varies with the moisture content of soil. Frost creep is 
generally associated with upper slope, and solifluction 
with lower slope positions. The line separating the zone 
dominated by each of these two processes shifts upward 
and downward with changes in climate. During late 
Pleistocene, solifluction was the dominant movement 
process whereas under present-day climate, solifluction 
occurs only in specialized, saturated microenvironment. 
Frost creep is the dominant movement process now on 
upper, middle and lower slopes. 

Sorted landforms, characteristic of frost creep are 
often superimposed upon landforms of solitluction. The 
occurrence of sorted polygons and stripes, stone-banked 
lobes, and stone-banked terraces on the treads of turf- 
banked lobes and terraces, reflects a general decline in 
the availability of moisture. 

Three main processes of periglacial downslope 
movement are identified, namely solifluction (including 
gelifluction and frost creep), skinflow and ground ice 
slumps. In case of gelifluction, the excess of water 
reduces shear strength of the material, and relatively 
rapid movements may result if vegetation is unable to 
prevent them. While in the case of frost creep, frost- 
heave produces planes of weakness within the material 
and reduces cohesion between the particles. Gelifluction 
and related deposits show evidence of flow orientation 
and sorted structures caused by movements. Stone- 
banked, solifluction lobes and terraces are common 
morphological features which result from differential 
rates of movement over slope of 5°-25°. Skinflows are 
resulted from a sudden disturbance of thermal 
conditions in the active layer, while the ground ice 
slumps results from rapid thawing of ice-rich 
permafrost. Experimental results show that the soil 
movement has varied from 3 mm/yr at the edge of the 
terraces, to 40 mm/yr along its axis. Data from the first 
year of study indicates greater displacement of 30 cm of 
60 cm stakes and suggests that the surface soil is moving 
more rapidly than at depth. 
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MEETINGS/SYMPOSIA/SEMINARS 


National Seminar on Plant Bioteciniology for Sustainable Hill 
Agriculture 

Date: 6-8 May 1998 
Place: Pithoragarh 

The oral and poster presentations are in the following areas: Plant 
biotechnology for conservation of biodiversity, raicropropagation of 
economically important plants, plant biotechnology for crop im- 
provement and biofertilizers & biopesticides. 

Contact: Director 

Defence Agricultural Research Laboratory 
Pithoragarh 262 501 

Fax: 05964-22564 

Tel: 05964-22564, 22864, 23601, 23664 


International Conference on Environment and Health 

Date: 14-16 December 1998 
Place: Bangalore 

Sessions on the following themes will be organized during the con¬ 
ference: Air pollution and its impact on human respira- 
tory/cardiac/CNS systems, water pollution and its impact on human 
health issues, noise pollution and its impact on human health, soil 
pollution and solid waste management. 


Contact: Dr. H. Paramesh 
Chairman, ICEH 

C/o Lakeside Medical Centre and Hospital 
33/4 Meanee Avenue Road 
Bangalore 560 042 

Fax: 91-80-2269679 

Tel: 5512934, 567925 

E-mail: ashok.ennjay@axcess.net.in 

Fourth International Conference on Vibration Problems 

Date: 27-30 November 1999 
Place: Calcutta 

Topics include: Nonlinear dynamic analysis of structures; vibrations 
of beams, plates and shells, vibration due to thermal and mechanical 
loading, shock-induced vibrations, random vibrations, buckling and 
post-buckling behaviour, etc. 


Contact: Dr M.M. Banerjee 
ICOVP-Secretariat 
Department of Mathematics 
AC College 
Jalpaiguri 735 101 

Fax: 91-3561-23149 
Tel: 91-3561-23629, 22107 
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Pollution Control in the South and 
North. A Comparative Assessment of 
Environmental Policy Approaches in 
India and the Netherlands. O. J. Kuik, 
M. V. Nadkarni, F. H. Oosterhuis, G. S. 
Sastry and A. E. Akkerman. Sage Publi¬ 
cations (India) Pvt. Ltd., 132, Market, 
Greater Kailash I, New Delhi 110 048. 
1997. 251 pp. Price: Rs. 350. 


The book presents the practices for en¬ 
vironmental management in India (with 
specific reference to the state of Karna¬ 
taka), and the Netherlands with a view 
to highlighting the role of economic 
instruments. Three case studies dealing 
with textile, cement and fertilizer indus¬ 
tries, have been presented to compare 
the command and control practices vis- 
a-vis the economic instruments for ef¬ 
fective pollution abatement and control. 
The book also examines the paradigm of 
sustainable development in the context 
of its operationalization. 

The book was published in 1997, al¬ 
though the information on the instru¬ 
ments used and environmental quality 
data in the two countries is restricted to 
1994/95. It deals with the environment 
as an individual sector, although there is 
an attempt to delineate the changes that 
have occurred in policy setting in India 
and the Netherlands on the integration 
of environmental sector with the sectors 
of socio-economic development. 

The technical issues related to pollu¬ 
tion abatement and control have not 
been handled adequately in the book. 
There are glaring shortcomings on this 
account, starting from the variance in 
the terminology used in the book vis-a- 
vis that accepted in technical literature. 
The background of the writers seems 
responsible for this limitation in the 
book. The case studies are also not se¬ 
lected based on the industrial develop¬ 
ment scenario in the State of Karnataka, 
e.g. distillery sector might have served 
as a case study of relevance instead of 
the fertilizer sector. Also, there are 
statements on the non-availability of 
cost-effective technologies for pollution 
control arising out of the lack of knowl¬ 
edge on technical issues. The achieve¬ 
ments of the Ministry of Environment 
& Forests, and the Karnataka State 
Pollution Control Board are reproduced 
based on the annual reports of the re¬ 
spective agencies without any attempt to 
conduct an enquiry into the matter. The 


fact that wastewater has achieved the 
status of a dependable renewable re¬ 
source of water, at least in India, is con¬ 
spicuous by its absence in the book. 

While the issues like laxity in imple¬ 
mentation and rampant corruption are 
highlighted as reasons for failure of 
environmental policy in India, the is¬ 
sues of accountability on the part of 
environment administrators do not find 
their place in the book. The issues of 
public concerns and critical environ¬ 
mental problems in the two countries 
are different, and are not adequately 
dealt with in the book. The issue of 
resource conservation, particularly non¬ 
renewables, in the production processes 
is extremely relevant is a developing 
country context, and should have been 
dealt with by a description of cleaner 
production options. The issue of assimi¬ 
lative capacity-based environmental 
standards, which falls in the mandate of 
the Central and State Pollution Control 
Boards in India, has also not been cov¬ 
ered in the context of tradable per¬ 
mits/effect-specific strategies. 

It needs to be recognized that there 
are no soft options for pollution abate¬ 
ment in particular, and for environ¬ 
mental management, in general. 
Rigorous implementation of the stan¬ 
dards set by the governments will alone 
achieve the level of environmental 
quality that is warranted for protect¬ 
ing* the fundamental rights of the 
citizens. 

The authors undertake their research 
with the premise that economic instru¬ 
ments must be increasingly deployed for 
environmental management, and con¬ 
clude, without any substantiation, that 
these instruments will indeed serve the 
cause of environmental management. 
The dependence of public policy to the 
extent of fair economics and governance 
is understated in the book. 

The limitations notwithstanding, this 
reviewer complements the Indo-Dutch 
Programme on Alternatives in Devel¬ 
opment to include a critical area of con¬ 
cern in India and the Netherlands in its 
scope of coverage 

P. Khanna 

National Environmental Engineering 
Research Institute, 

Nehru Marg, 

Nagpur 440 020, India 


Annual Review of Phytopathology 
1996. Robert K. Webster, ed. Annual 
Reviews Inc., 4139 El Camino Way, 
Palo Alto, CA 94303-0139, USA. 620 
pp. Price: US$54; elsewhere $59. 


The volume starts with a tribute to Ken¬ 
neth F. Baker (1908-1996), who was 
the member of the first editorial com¬ 
mittee of AnniL Rev. Phytopathol. when 
it was started in 1962 by James G. 
Horsfall. Baker served as editor with 
great distinction and dedication from 
1972 to 1977, and he provided an en¬ 
dowment to promote plant pathology 
through ARP; the Baker’s Gift was used 
to launch ARP into electronic age and 
ARP was produced as CD ROM. 

The prefatory chapter describes how 
the department of plant pathology at the 
University of California was destroyed 
as a consequence of a contentions reor¬ 
ganization in 1992, and included in the 
Department of Environmental Science, 
Policy and Management (ESPM). Plant 
pathology is both a basic and an applied 
science and concerns host, pathogen and 
environment, and above all, healthy as 
well as nutritious food to humans and 
animals; it is thus a unique and indis¬ 
pensable member of plant sciences. The 
attitude of the administrators must be 
changed by providing proper insight 
into the problems because disease 
problems will persist in one form or 
another with the crops. 

The research achievements of two 
pioneers, Helen Hart (wheat stem rust) 
and Gotthold Steiner (nematology) have 
been described. 

Haldane (1949) observed that patho¬ 
gens could be strong selective agents 
maintaining genetic diversity within 
host populations. Later, Flor (1956) 
demonstrated the complementarity of 
host and pathogen genetic systems. The 
RQH (red queen hypothesis) explains 
how pathogens may maintain sexual 
reproduction in hosts despite the two¬ 
fold advantage of asexual reproduction. 
However, there are several difficulties 
in testing RHQ theory, which is central 
to reducing pathogen damage in agricul¬ 
tural systems. 

The ideal structures of a plant clinic 
in developing countries have been de¬ 
tailed. World trade and GATT concerns 
have emphasized sanitary and phyto- 
sanitary-related issues. The discussion 
on dwarf bunt of wheat (Tilletia contro- 
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versa) describes how trade is jeopard¬ 
ized by economic but more political 
issues. The case study is the stoppage of 
import of wheat by China from USA in 
1973 (previously China purchased 
wheat worth 500 million US dollars 
from USA). There are still no clear cut 
and easy answers as to what constituted 
a potential economic and biological 
threat to an industry and what was 
merely a minor nuisance of little danger 
to food production and security. 

Thirty soilborne viruses or virus-like 
agents are transmitted by five species of 
fungal vectors, namely, Olpidium bras- 
sicae, 0. bornovanus, Polymyxa 
graminis, P. betae and Spongospora 
subterranea. The viral coat protein gene 
has an essential role in in vitro trans¬ 
mission. With in vivo transmission, a 
site in the coat protein-read through 
(CP-RT) of beet necrotic yellow vein 
furovirus determines vector transmis- 
sibility as does a site in a similar 98- 
kDa polyprotein of barley mild mosaic 
bymovirus. Only three species of xylem- 
limited bacteria (XLB) that are fastidi¬ 
ous in cultural requirements, are plant 
pathogens, and that exclusively occupy 
xylem, have been characterized. Two of 
these, Xylella fastidiosa and Pseudo¬ 
monas syzygii are transmitted by suck¬ 
ing insects, while Clavibacter xyli is 
mechanically transmitted. 

More than 30 bacterial avirulence 
genes have been cloned and character¬ 
ized, but the function of the gene prod¬ 
ucts in the elicitation of resistance is 
known only in one case. The product of 
avrD from Pseudomonas savastanoi pv. 
glycinea functions indirectly to elicit 
resistance in soybean (the gene product 
is an enzyme involved in elicitor pro¬ 
duction). In most cases avr gene func¬ 
tion is dependent on interactions with 
the hypersensitive response and patho¬ 
genicity {hrp) genes. Many hrp genes 
are similar to genes involved in delivery 
of pathogenicity factors in mammalian 
bacterial pathogens. Thus, analogies 
between mammalian and plant patho¬ 
gens may provide the needed clues to 
elucidate how virulence gene products 
control induction of resistance. The 
purification and characterization of 
specific elicitor-binding proteins is es¬ 
sential for a detailed understanding of 
the molecular basis for the signal ex¬ 


change between plant hosts and micro¬ 
bial pathogens that leads to activation of 
host defenses. 

Phytotoxic effects of ozone are de¬ 
scribed with emphasis on secondary 
plant metabolism, which seem to change 
plant predisposition to either enhanced 
tolerance or susceptibility for a second 
stressor. 

The Epichloe species and their asex¬ 
ual descendants {Acremonium endo¬ 
phytes or Epichloe endopytes) are 
fungal symbionts of cool-season grasses 
(C-3 grasses), for which they can be 
important agents of biological protec¬ 
tion from nematodes, insects, wildlife, 
and grazing livestock, and can confer 
enhanced drought tolerance; four 
classes of beneficial alkaloids have been 
shown to be produced. Genetic engi¬ 
neering of the fungal symbionts as 
more suitable biological protectants for 
forage grasses require identification of 
fungal genes for alkaloid biosynthesis, 
and DNA-mediated transformation of 
the fungi. 

The role and functioning of the ante¬ 
rior chemosensory organs of plant 
parasitic nematodes have been exam¬ 
ined, with particular emphasis on the 
amphids. The morphology of the am- 
phids has been discussed primarily in 
the context of the changes in the ultra¬ 
structure associated with different life 
stages. The involvement of amphidial 
secretions in chemoreception and the 
behavioural and electro-physiological 
analyses of nematode responses to 
semiochemicals has been discussed with 
special reference to researches on sex 
hormones. These research techniques, 
combined with the use of lectins and 
antibodies, provide information on 
nematode sensilla that may lead to novel 
control strategies for economically- 
important plant parasitic nematodes 
based on perturbing nematode sensory 
perception to prevent host or mate loca¬ 
tion. 

Wheat is grown on about 10 million 
ha in the tropical highlands and low¬ 
lands of the world; many farmers in 
these areas work under subsistence 
conditions. For economic and environ¬ 
mental reasons, host plant resistance is 
one of the most appropriate and sustain¬ 
able disease control methods. Highland 
and lowland tropical wheat regions have 


been described and the breeding strate¬ 
gies, philosophies of CIMMYT have 
been discussed; the progress made in 
developing resistance to major diseases 
such as rusts, foliar blights, Fusarium 
scab, BYD and spot blotch have been 
detailed. Leaf rust (caused by Puccinia 
recondita f. sp. tritici) is the most wide¬ 
spread and regularly-occurring rust 
on wheat. To date, 46 leaf rust resis¬ 
tance genes have been designated and 
mapped in wheat. Adult-plant resistance 
genes Lrl3 and Lr34 singly and to¬ 
gether have provided the most durable 
resistance to leaf rust in wheat through¬ 
out the world. 

Quantitative trait locus (QTL) map¬ 
ping is a highly effective approach for 
studying genetically-complex forms of 
plant disease resistance. With QTL 
mapping, the roles of specific resistance 
loci can be described, race specificity of 
partial resistance genes can be as¬ 
sessed, and interactions between resis¬ 
tance genes, plant development and the 
environment can be analysed. Outstand¬ 
ing examples include: quantitative resis¬ 
tance to the rice blast fungus, late blight 
of potato, gray leaf spot of maize, bac¬ 
terial wilt of tomato and the soybean 
cyst nematode. QTL mapping also pro¬ 
vides a framework for marker-assisted 
selection of complex disease resistance 
characters and the positional cloning of 
partial resistance genes. 

Other topics described are: mecha¬ 
nism of penetration by fungi, pathogen 
quiescence in postharvest diseases, 
multitocus population structure, nema¬ 
tode and fruit disease management in 
sustainable agriculture, epidemiology 
and molecular biology of rice viruses, 
root and growth regulation, cacao 
witchesbroom, phenylamide resistance 
in Phytophthora, and quantitative dis¬ 
ease resistance in plants. 

The volume is an outstanding collec¬ 
tion of 28 reviews, mostly in exciting 
frontiers of plant pathology. The articles 
have been written very critically and 
make fascinating reading, 

Jeevan P. Verma 

Division of Plant Pathology, 

Indian Agricultural Research Institute, 
New Delhi 110 012, India 
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C. V. Raman 

We reproduce here two sketches and two photographs of Raman, which have not appeared too 
often in print The sketches have been made by Mr K. M. Adimoolam, one of the very renowned 
artists of India and who was a product of Madras College of Art. He started his career doing 
pencil sketches and charcoal drawings. His sketches on Gandhi are now famous. Later he made a 
name for himself in the world of art for his abstract paintings. 

After Raman’s demise, Adimoolam most kindly agreed to make some sketches of Raman, two of 
which are reproduced below. The two photographs were taken in early 1950s. Raman was greatly 
attached to his cathetometer, with which he made many measurements. In the second picture, is 
shown a Hilger quartz spectrograph, which Raman and his students used for many of their spec- 
trographic studies at the Raman Research Institute. 

-Editors 
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Draft of the letter from Max Born to C. V. Raman and the 
story of the unsuccessful attempt of Raman to get Born and 
other refugee-scientists from Germany to India 


Rajinder Singh and I have been corre¬ 
sponding with each other for sometime. 
Rajinder Singh is a Research Fellow in 
the University of Oldenburg, Faculty of 
Physics, Department of Higher Educa¬ 
tion and History of Sciences, Germany. 
He is deeply interested in the historical 
evolution of Indian Science and the 
interaction it has had with the science 
and scientists of Europe. Recently, he 
sent me a copy of a letter which Max 
Born had drafted, addressed to C. V. 
Raman, which makes interesting read¬ 
ing. Being a draft, it has many phrases 
and sentences crossed out. However, 
these are clear enough to be read. In the 
version reproduced below, the crossed 
parts have been included and shown in 
italics and put in brackets. We do not 
know the exact form in which the letter 
reached Raman in Bangalore as we have 
not been able to trace this letter here. 


Within nine months of Raman taking 
up the Directorship and becoming the 
Head of the Department of Physics at 
the .Indian Institute of Science (IISc), he 
offered Born not only a Full Professor¬ 
ship in the Department but also Head¬ 
ship of the Department of Physics to be 
in collaboration with himself. This 
would be surprising to some of the de¬ 
tractors of Raman as they thought that 
Raman would be reluctant to share 
things with others. From the Born- 
Rutherford correspondence, we know 
that Rutherford tried to persuade Born 
to accept Raman’s offer because he felt 
that Born could spread modern theoretical 
physics to India and to another continent. 
Further, the salary offered by Raman was 
much higher than that which Born was 
receiving in Cambridge. However, it is 
clear that Born was wavering as is seen 
from this letter. Raman seems to have 


acceded to Born’s suggestion of giving 
him an opportunity for visiting India for 
a short period. Raman created an ex¬ 
traordinary Visiting Chair for Born, 
who accepted it. 

Max Born and his wife Hedi came to 
India on this short assignment. They 
came to like India, the Ramans and the 
conditions of work at IISc, Wrote Born: 
‘Frankly, I like Raman very much in 
spite of his too human drawbacks; his 
conceit, his naivette and his bringing 
himself to the front.’ What is important 
is the fact that Hedi also liked India. 
‘We liked Lady Raman right from the 
beginning. When Raman appeared, he 
looked to Hedi like a Prince of the 
Arabian Nights,’ I am told that along 
with Lady Raman, Hedi visited many of 
the children’s schools in Bangalore and 
liked them very much and Born himself 
visited the Central College and lectured 
there. So it may be assumed that the 
problem of the education of children 
was at least temporarily solved. 

Born enjoyed his stay in India at the 
Institute and his lectures were greatly 
appreciated. He found that the research 
students at IISc were very intelligent 
and so accepted Raman’s original offer 
of a permanent position at IISc. Lord 
Rutherford was appointed Chairman of 
the Selection Committee and Born’s 
name was first in the recommended list. 

At a meeting in the Institute, Raman 
spoke of the extraordinary merits of 
Born as a scientist, as a teacher and as a 
human being. Then unbelievably, a 
professor of the Institute, an English¬ 
man, (little known in the field of either 
Science or Engineering) spoke in a most 
derogatory manner about Born, referring 
to him as one who was rejected by his 
own country, a renegade and therefore a 
second-rate scientist and hence not fit to 
be part of the faculty of IISc, much less 
to be the Head of the Department of 
Physics along with Raman. All this 
about the great Max Born. One could 
have wept. We know Born did. 

When many intellectuals were fleeing 
Germany under Hitler’s tyranny, Raman 
who believed in excellence per se, had 
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Box. The first part of Born’s letter to Raman. 
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Box. Text of draft of Born’s letter to Raman. 


246 Hills Road, Cambridge 
February 18th, 1934. 


Dear Professor Raman, 


I hav9 received your kind letter of Jan 27th and I wish to thank you very much for your offer¬ 
ing me a position at your Institute. It is indeed, a great honor to me, and I have considered it 
very carefully, if I would be 10 years younger, I would not hesitate to accept it? But being a 
little over 50 it is not quite easy to go into an unknown country, very far from Eurooe and 
with a very different climate. I would like to explain you my position quite frankly 

Cambridge gave me a lectureship {for 3 years I have) with very little du- 
iith morpl^ lecturing) and a (sufficient) salary*. So I can do scientific^research 

wth more intensity than ever, not much less than that you are proposing (/ don’t think that I 
Should be d^missed after three years.) You were appreciating yourseVthe adZafe o 

Zn t'h ^r collaboration with {Rutherford and his 

staff) the Cavendish Institute. When I, however, would think of leaving Cambridge {which I 
must confess to you) it would be for two reasons. One is the climate in England whe“n- 
sWnn h frequent. {More important is the fact that presumably my po- 

sZlb^beUeredinZi" « little hope my financial condWon 

Shall be bettered m time. Therefore, I should consider your offer.) You offer me a full orofes- 

sorship and as a head of a department in collaboration with you. - On the other hand^if I go 
to India, there seems to me very little chance of returning to Europe. There are many Indians 

Europeans to India; but most of them do it for a limited re- 
HkP n h ■ I® difficulty of the education of my 3 children I would not 

like to be separated from them for many years. Concerning the climate I have heard most 
favourable reports about Bangalore. But in my age it is certainly a risk to grinto a tZicS 
offer ff I hadZ^ reflechons make it difficult for me to accept your most honourable and kind 
better wZdU hf m conditions of life there, I could decide 

lecZ, L opportunity of visiting your country, giving 

m • t T months and take a final decision after that? But I am sure vou are 

for^l al^snZ ^ Pe™a'iert«yancO fixing this question once 

Inylge^ a permanen! appZtment 

^ y°^^9Br man for your university There are 
several excellent people: Pelerls, Nodhelm. Heitler, Bethe and others). 

Yours very sincerely 
Max Born 


an agenda to get some of these to India: 
Max Born, Schroedinger, Hevesy (of 
radioactive fame). V. M. Goldschmidt 
(the father of solid state chemistry), 
Ewald (pioneer in optics and crystallog¬ 
raphy) and Kuhn the biochemist and a 
host of others. After this public insult, 
Max Born could not possibly accept 
Raman s offer and all the German pro¬ 
fessors who were first inclined to come, 
naturally refused to come to India. In¬ 
dia, I feel, missed an incredible golden 
opportunity. It is almost certain that the 
last sentence which has been scratched 
out in the draft must have been in the 
original letter received by Raman for he 


made offers to Peierls and Bethe, who 
would have emigrated to India, had 
Born been appointed. One wonders to 
think how science in India would have 
been completely transformed as early as 
1936 if Born and his colleagues and other 
refugee-scientists had come to India. 

Contrast this with what happened in 
other countries - they set up funds to 
support refugee-scientists and Peierls 
went to England and Bethe to USA, and 
both set up remarkable and very re¬ 
nowned schools of theoretical physics in 
these countries. 

In his characteristic manner, Raman 
had flouted many rules in offering these 


scientists positions at IISc and for this 
and similar reasons, Raman himself lost 
his position as the Director of IISc, but 
retained his Professorship almost defi¬ 
nitely due to the intervention of Lord 
Rutherford. 

ACKNOWLEDGEMENTS. Thanks are due 
to Rajinder Singh and the Staats Bibliothek 
Zu Berlin for attracting our attention to the 
draft. 


S. Ramaseshan 


Raman Research Institute, 
Bangalore 560 080, India 
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Seventy years have passed since the discovery of the Raman effect. February 28 marks the anniversary of 
the observation of the line spectrum of Raman’s ‘new radiation’ and is observed as the national ‘Science 
Day’ every year. To commemorate the passage of seven decades since Raman’s spectacular discovery, we 
reproduce three of the early reports on the Raman effect. 

— Editors 


A new type of secondary radiation 

[Reproduced from Nature, 1928, 121, 501-502] 


If we assume that the X-ray scattering 
of the ‘unmodified’ type observed by 
Prof. Compton corresponds to the nor¬ 
mal or average state of the atoms and 
molecules, while the ‘modified’ scatter¬ 
ing of altered wavelength corresponds 
to their fluctuations from that state, it 
would follow that we should expect also 
in the case of ordinary light two types of 
scattering, one determined by the nor¬ 
mal optical properties of the atoms or 
molecules, and another representing the 
effect of their fluctuations from their 
normal state. It accordingly becomes 
necessary to test whether this is actually 
the case. The experiments we have made 
have confirmed this anticipation, and 
shown that in every case in which light 
is scattered by the molecules in dust- 
free ligands or gases, the diffuse radia¬ 
tion of the ordinary kind, having the 
same wavelength as the incident beam, 
is accompanied by a modified scattered 
radiation of degraded frequency. 


The new type of light-scattering dis¬ 
covered by us naturally requires very 
powerful illumination for its observa¬ 
tion. In our experiments, a beam of 
sunlight was converged successively by 
a telescope objective of 18 cm aperture 
and 230 cm focal length, and by a second 
lens of 5 cm focal length. At the focus of 
the second lens was placed the scattering 
material, which is either a liquid (carefully 
purified by repeated distillation in vacuo) 
or its dust-free vapour. To detect the pres¬ 
ence of a modified scattered radiation, the 
method of complementary light-filters was 
used. A blue-violet filter, when coupled 
with a yellow-green filter and placed in the 
incident light, completely extinguished the 
track of the light through the liquid or 
vapour. The reappearance of the track 
when the yellow filter is transferred to a 
place between it and the observer’s eye is 
proof of the existence of a modified 
scattered radiation. Spectroscopic con¬ 
firmation is also available. 


Some sixty different common liquids 
have been examined in this way, and 
every one of them showed the effect in 
greater or less degree. That the effect is 
a true scattering and not a fluorescence 
is indicated in the first place by its fee¬ 
bleness in comparison with the ordinary 
scattering, and secondly by its polarisa¬ 
tion, which is in many cases quite 
strong and comparable with the polari¬ 
sation of the ordinary scattering. The 
investigation is naturally much more 
difficult in the case of gases and va¬ 
pours, owing to the excessive feebleness 
of the effect. Nevertheless, when the 
vapour is of sufficient density, for ex¬ 
ample with ether or amylene, the modi¬ 
fied scattering is readily demonstrable. 

C. V. Raman 
K S. Krishnan 

210, Bowbazaar Street, Calcutta, India 
16 February 


A change of wavelength in light scattering 


[Reproduced fromNature, 1928, 121, 619] 


Further observations by Mr Krishnan 
and myself on the new kind of light¬ 
scattering discovered by us have been 
made and have led to some very surpris¬ 
ing and interesting results. 

In order to convince ourselves that 
the secondary radiation observed by us 
was a true scattering and not a fluores¬ 
cence, we proceeded to examine the 
effect in greater detail. The principal 
difficulty in observing the effect with 
gases and vapours was its excessive 
feebleness. In the case of substances of 
sufficient light-scattering power, this 
difficulty was overcome by using an 


enclosed bulb and heating it up so as to 
secure an adequate density of vapour. 
Using a blue-violet filter in the track of 
the incident light, and a complementary 
green-yellow filter in front of the ob¬ 
server’s eye, the modified scattered 
radiation was observed with a number 
of organic vapours, and it was even 
possible to determine its state of polari¬ 
sation. It was found that in certain 
cases, for e.g. pentane, it was strongly 
polarised, while in others, as for exam¬ 
ple naphthalene, it was only feebly so, 
the behaviour being parallel to that ob¬ 
served in the liquid state. Liquid carbon 


dioxide in a steel observation vessel was 
studied, and exhibited the modified 
scattering to a notable extent. When a 
cloud was formed within the vessel by 
expansion, the modified scattering 
brightened up at the same time as the 
ordinary or classical scattering. The 
conclusion is thus reached that the ra¬ 
diations of altered wavelength from 
neighbouring molecules are coherent 
with each other. 

A greater surprise was provided by 
the spectroscopic observations. Using 
sunlight with a blue filter as the illumi- 
nant, the modified scattered radiation 
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was readily detected by the appearance 
in the spectrum of the scattered light of 
radiations absent from the incident 
light. With a suitably chosen filter in 
the incident light, the classical and 
modified scatterings appeared as sepa¬ 
rate regions in the spectrum separated 
by a dark region. This encouraged us to 
use a mercury arc as the source of light, 
all radiations of longer wavelength than 
4358 A being cut out by a filter. The 
scattered radiations when examined 


with a spectroscope showed some sharp 
bright lines additional to those present 
in the incident light, their wavelength 
being longer than 4358 A; at least two 
such lines were prominent and appeared 
to be accompanied by some fainter 
lines, and in addition a continuous 
spectrum. The relation of frequencies 
between the new lines and those present 
in the incident light is being investi¬ 
gated by photographing and measuring 
the spectra, The preliminary visual ob¬ 


A new radiation* 

[Reproduced from Indian J, Phys., 1928, 2, 387-398] 

C. V. Raman, F.R.S. 

[Plate 1] 


1. Introduction 

I propose this evening to speak to you 
on a new kind of radiation or, light- 
emission from atoms and molecules. To 
make the significance of the discovery 
clear, I propose to place before you the 
history of the investigations made at 
Calcutta which led up to it. Before do¬ 
ing so, however, a few preliminary re¬ 
marks regarding radiation from atoms 
and molecules will not be out of place. 

Various ways are known to the 
physicist by which atoms or molecules 
may be caused to emit light, as for in¬ 
stance, heating a substance or bombard¬ 
ing it with a stream of electrons. The light 
thus emitted is usually characteristic of the 
atoms or molecules and if referred to as 
primaiy radiation. It is also possible to 
induce radiation from atoms and mole¬ 
cules by illuminating them strongly. 
Such light-emission is referred to as 
secondary radiation. The familiar diffu¬ 
sion of light by rough surfaces may be 
cited as an example of secondary radia¬ 
tion, but strictly speaking, it hardly de¬ 
serves the name, being an effect occurring 
at the boundaries between media of differ¬ 
ent refractive indices and not a true vol¬ 
ume-effect in which all the atoms and 
molecules of the substance take part. 
The first case discovered of secondary 
radiation really worthy of the name 

^Inaugural Address delivered to the South 
India Science Association on Friday, the 
16th March 1928, at Bangalore. 


was the phenomenon of fluorescence 
whose laws were elucidated by the in¬ 
vestigations of Sir George Stokes. This 
is a familiar effect which is exhibited in 
a very conspicuous manner in the visi¬ 
ble region of the spectrum by various 
organic dry-stuffs. I have here a bottle 
of water in which an extremely small 
quantity of fluorescein is dissolved. 
You notice that when placed in the 
beam of light from the lantern, it shines 
with a vivid green light, and that the 
colour of the emission is not altered, 
though its brightness is changed, by 
placing filters of various colours be¬ 
tween the bottle and the lantern, A vio¬ 
let filter excites the green flurorescence 
strongly, while a red filter has but little 
effect. 

Another kind of secondary radiation 
whose existence has been experimen¬ 
tally recognized more recently is the 
scattering of light by atoms and mole¬ 
cules. It is this scattering that gives us 
the light of the sky, the blue colour of 
the deep sea and the delicate opales¬ 
cence of large masses of clear ice. I 
have here a large bottle of a very clear 
and transparent liquid, toluene, which 
as you notice contains hardly any dust- 
particles, but the track of the beam from 
the lantern passing through it is visible 
as a brilliant blue cone of light. This 
internal opalescence continues to be 
visible even after the most careful puri¬ 
fication of the liquid by repeated distil¬ 
lation in vacuo. A similar opalescence is 
shown, though much less brightly, by 


servations appear to indicate that the 
position of the principal modified lines 
is the same for all substances, though 
their intensity and that of the continu¬ 
ous spectrum does vary with their 
chemical nature. 

C. V. Raman 


210, Bowbazaar Street, Calcutta 
8 March 


dust-free gases and vapours, and also by 
solids. A large clear block of ice shows 
a blue colour in the track of the beam 
when sunlight passes through it. The 
blue opalescence of blocks of clear op¬ 
tical glass is also readily demonstrable. 
The molecular scattering of light is thus 
a phenomenon common to all states of 
matter. 

During the past seven years, the 
scattering of light in transparent media 
has been the subject of intensive ex¬ 
perimental and theoretical investigation 
at Calcutta, and it is the researches 
made on this subject that have led to the 
discovery which I shall lay before you 
this evening. One important outcome of 
our researches has been to show that 
while light-scattering is in one sense a 
molecular phenomenon, in another 
sense it is a bulk-effect having a thermal 
origin. It is the thermal agitation of the 
molecules which causes them to be dis¬ 
tributed and oriented in space with in¬ 
complete regularity, and it is the local 
fluctuations in the properties of the 
medium thus arising which give rise to 
optical heterogeneity and consequent 
diffusion of light. The subject of light¬ 
scattering is thus a meeting ground for 
thermodynamics, molecular physics and 
the wave-theory of radiation. That the 
combination of theories in such diverse 
fields of physics give us predictions 
which have been experimentally veri¬ 
fied, is one of the triumphs of modern 
physics. 
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2. A new phenomenon 

While the quantitative investigations 
made at Calcutta have in the main sub¬ 
stantiated the thermodynamic-wave- 
optical theory of light-scattering, indi¬ 
cations appeared even in our earliest 
studies of a new phenomenon which 
refused to fit in with our pre-conceived 
notions. Thus, in some observations 
made by me {Molecular Diffraction of 
Light, Calcutta University Press, Febru¬ 
ary, i922) with the assistance of Mr 
Seshagiri Rao in December, 1921, it 
was found that the depolarisation of the 
light transversely scattered by distilled 
water measured with a double-image 
prism and Nicol increased very mark¬ 
edly when a violet filter was placed in 
the path of the incident light. More 
careful investigations made with dust- 
free liquids in (Raman, C, V. and Rao, 
K. S., Philos. Mag. 1923, 45, p. 633.) 
1922, confirmed this effect and showed 
it to exist also in methyl and ethyl alco¬ 
hols, and to a lesser degree in ether. It 
was also noticed that the colours of the 
scattered light from the different liquids 
studied did not match perfectly. An 
important advance was made when Dr 
Ramanathan (Ramanathan, K, R., Proc. 
Indian Assoc. Cultiv. Sci., 1923, VIII, 
p. 190) working at Calcutta in the sum¬ 
mer of 1923, investigated the phenome¬ 
non more closely and discovered that it 
was not a true dependence of the depo¬ 
larisation on the wavelength of the 
scattering radiation but was due to the 
presence in the scattered light of what 
he described as ‘a trace of fluores¬ 
cence’. This was shown by the fact that 
the measured depolarisation depended 
on whether the blue filter used was 
placed in the path of the incident beam 
or of the scattered light, being smaller 
in the latter case. Accepting the expla¬ 
nation of the effect as ‘weak fluores¬ 
cence,’ it naturally became important to 
discover whether it was due to some im¬ 
purity present in the substance. Dr Rama¬ 
nathan tested this by careful chemical 
purification followed by repeated slow 
distillation of the liquid at the tempera¬ 
ture of melting ice. He found that the 
effect persisted undiminished. 

The investigation of this species of 
‘weak fluorescence’ has ever since 1923 
been our programme of research at Cal¬ 
cutta. Krishnan (Krishnan, K. S., Phi¬ 
los. Mag., 1925, L, p. 697.) who 


investigated 60 liquids for light¬ 
scattering in the spring and summer of 
1924, made systematic studies of the 
phenomenon, and found that it was 
shown markedly by water, ether, all the 
monohydric alcohols and a few other 
compounds. He pointed out that the 
liquids which exhibit the effect have 
certain family relationships amongst 
themselves, and that they are also sub¬ 
stances whose molecules are known to 
be polar. The chemical importance of 
the subject led to Mr S. Venkateswaran 
attempting to make a fuller study of it in 
the summer of 1925, but without any 
special success. The research was dis¬ 
continued at the time but was resumed 
by him later in the current year (January 
1928). The remarkable observation was 
made that the visible radiation which is 
excited in pure dry glycerine by ultra¬ 
violet radiation (sunlight filtered 
through Corning glass G. 586) is 
strongly polarised. 

The possibility of a similar effect in 
gases and vapours was also borne in 
mind and repeatedly looked for by the 
workers at Calcutta. The feebleness of 
the scattering in gases and vapours, and 
the infructuousness of the earlier efforts 
in this direction, however discouraged 
progress. 

3. Its universality 

Though the phenomenon was described 
in the paper of Dr Ramanathan and Mr 
Krishnan as a ‘feeble fluorescence’, the 
impression left on my mind at the time 
was that we had here an entirely new 
type of secondary radiation distinct 
from what is usually described as fluo¬ 
rescence. The publication of the idea 
was however discouraged by the belief 
then entertained that only a few liquids 
exhibited the effect and by the supposi¬ 
tion that it was unpolarised in the same 
way as ordinary fluorescence in liquids. 
Indeed, a chemical critic might even 
have asserted that the effect was in each 
case due to a trace of dissolved fluores¬ 
cent impurity present in the substance 
which our efforts at purification had 
failed to remove. Early this year, how¬ 
ever, a powerful impetus to further re¬ 
search was provided when I conceived 
the idea that the effect was some kind of 
optical analogue to the type of X-ray 
scattering discovered by Prof, Compton, 


for which he recently received the 
Nobel Prize in Physics. I immediately 
undertook an experimental re¬ 
examination of the subject in collabora¬ 
tion with Mr K. S. Krishnan and this 
has proved very fruitful in results. The 
first step taken in the research was to 
find whether the effect is shown by all 
liquids. The method of investigation 
was to use a powerful beam of sunlight 
from a heliostat concentrated by a 7" 
telescope objective combined with a 
short focus lens. This was passed 
through a blue-violet filter and then 
through the liquid under examination 
contained in an evacuated bulb and 
purified by repeated distillation in 
vacuo. A second filter of green glass 
was used which was complementary in 
colour to the blue-violet filter. If it were 
placed in the track of the incident light, 
all illumination disappears, while, if it 
be placed between the bulb and the ob¬ 
server’s eye, the opalescent track within 
the liquid continued to be visible, 
though less brightly. All the liquids 
examined (and they were some 80 in 
number) showed the effect in a striking 
manner. There was therefore no longer 
any doubt that the phenomenon was 
universal in character; with the bulb of 
toluene on the lantern, you see that the 
effect is readily demonstrable. The cone 
of light vanishes when I place the violet 
and green filters together, but it appears 
when I transfer the latter to a place be¬ 
tween my audience and the observation 
bulb. 

Now the test with the complementary 
filters is precisely that ordinarily used 
for detecting fluorescence and indeed 
was first suggested by Stokes in his 
investigations on the subject. You may 
therefore rightly ask me the question 
how does this phenomenon differ from 
fluorescence? The answer to the ques¬ 
tion is, firstly, that it is of an entirely 
different order of intensity. A more sat¬ 
isfactory proof was however forthcom¬ 
ing when Mr Krishnan and myself 
examined the polarisation of this new 
type of radiation and found that it was 
nearly as strong as that of the ordinary 
light scattering in many cases, and is 
thus quite distinct from ordinary fluo¬ 
rescence which is usually unpolarised. 

This is shown for the case of toluene 
in Figures 1 and 2 in plate 1. Figure 1 is 
a photograph of the scattering by tolu¬ 
ene of sunlight filtered through a blue- 
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violet glass. It was taken through a 
double-image prism of iceland spar with 
an exposure of 3 s. Figure 2 is a picture 
with an additional complementary filter 
of green glass interposed in front of the 
camera lens. The exposure necessary is 
now increased greatly by the insensi¬ 
tiveness of the plate to green light, and 
had to be as much as 25 min. It will be 
noticed that the polarisation of the track 
as shown by the difference in brightness 
of the two polarised images is quite as 
prominent in Figure 2 as in Figure I. 

I may also mention that Mr Krishnan 
and myself have succeeded in detecting 
the new radiation and observing its par¬ 
tial polarisation in a number of organic 
vapours and also in the gases CO 2 and 
N 2 O. The problem in these cases is one 
of securing sufficient intensity of scat¬ 
tering for the effect to be detectable 
through the complementary filter. This 
can be secured by heating up the sub¬ 
stance in a sealed bulk or by using steel 
observation-vessels for containing the 
compressed gases, so as to obtain suffi¬ 
cient density of the scattering mole¬ 
cules. The question of the background 
against which the track is observed is 
also of great importance. 

The new type of secondary radiation 
is also observable in crystals such as ice 
and in amorphous solids. It is thus a 
phenomenon whose universal nature has 
to be recognized. 


4. Line-spectrum of new 
radiation 

That the secondary radiation passes the 
complementary filter and yet is strongly 
polarised to an extent comparable with 
the ordinary molecular scattering, is 
clear evidence that we have in it an en¬ 
tirely new type of secondary radiation 
which is distinct from either the ordi¬ 
nary scattering or the usual type of fluo¬ 
rescence. A striking and even startling 
confirmation of this view is furnished 
by an examination of its spectrum. Pre¬ 
liminary observations with sunlight 
filtered through a combination which 
passes a narrow range of wavelengths, 
showed the spectrum of the new radia¬ 
tion to consist mainly of a narrow range 
of wavelengths clearly • separated from 
the incident spectrum by a dark space. 
This encouraged me to take up observa¬ 
tions with a monochromatic source of 


light. A quartz mercury lamp with a 
filter which completely cuts out all the 
visible lines of longer wavelength than 
the indigo line 4,358 A.U. was found to be 
very effective. When the light from such a 
lamp was passed through the bulb contain¬ 
ing a dust-free liquid, and the spectrum of 
the scattered light was observed through 
a direct-vision spectroscope, it was 
found to exhibit two or more sharp 
bright lines in the blue and green re¬ 
gions of the spectrum. These lines are 
not present in the spectrum of the inci¬ 
dent light or in the unfiltered light of 
the mercury arc and are thus manufac¬ 
tured by the molecules of the liquid. 

Figures 3(1) and 3(2) and Figure 4 
(1) and 4(2) show the phenomenon. 
They are spectrograms taken with a 
small Hilger quartz instrument of the 
scattering by liquid benzene. Figure 3 
was taken with the light from the quartz 
mercury arc filtered through a blue glass 
which allows the wavelengths from 
about 3,500 A.U. to 4,400 A.U. to pa.ss 
through. Figure 3(1) represents the inci¬ 
dent-spectrum and Figure 3(2) the scat¬ 
tered spectrum, and the latter shows a 
number of sharp lines not present in 
Figure 3(1). These are indicated in the 
figure. Figures 4(1) and 4(2) similarly 
represent the incident and scattered 
spectra with benzene liquid, the filter 
used being a potassium permanganate 
solution. Here again the new lines 
which appear are indicated in the figure. 
Visual observations were also made 
using a quinine sulphate solution to¬ 
gether with the blue glass as a filter and 
thus cutting off all the radiations except 
4,358 A.U. from the incident spectrum. 
Some of the modified lines then disap¬ 
pear, leaving only those of longer 
wavelength. It is thus clear that each 
line in the incident spectrum gives rise 
to at least two lines in the scattered 
spectrum, one in the original or un¬ 
modified position, and a second in a 
shifted position of longer wavelength. 
There is thus striking analogy with the 
Compton effect in the X-ray region. 

There has, as yet, not been sufficient 
time for photographing the spectra from 
a large number of liquids, or even for 
measuring the photographs already ob¬ 
tained. Visual observations have how¬ 
ever been made with a large number of 
liquids. There is an astonishing similar¬ 
ity between the spectra obtained with 
different liquids. When only the 4,358 


line was used, most liquids showed in j 
the spectrum of the scattered light, a 
bright line in the blue-green region of I 
the spectrum (about 5,000 A.U.), whose I 
position was practically the same for 1 
chemically similar liquids such as pen- f 
tane, hexane and octane for instance. 
There was, however, a recognizable 
difference in the position of the modi¬ 
fied line when other liquids such as 
benzene or water were used. When the 
4,047 line of the mercury arc was let in 
by removing the quinine sulphate solu¬ 
tion, a second modified line in the blue 
region of the spectrum was seen with 
most liquids. 

Photographs obtained so far with 
benzene and toluene suggest that there 
may be several modified lines, and that 
each modified line may be a doublet in 
some cases. In many liquids, the scat¬ 
tered spectrum shows in addition to 
sharp lines also an unmistakable con¬ 
tinuous spectrum accompanying it. Car¬ 
bon disulphide behaves in an 
exceptional manner, showing a diffuse 
band. 

Observations already made show that 
the new lines in the scattered spectrum 
are usually markedly polarised; they 
also suggest that a continuous spectrum, 
when present, is less markedly polarised. 


5. Nature of the new radiation 

The discovery set out above naturally 
opens up an array of problems for in¬ 
vestigation. The most pressing question 
is, how is the modified scattered radia¬ 
tion, as we may call it, generated by the 
molecules of the liquid? As a tentative 
explanation, we may adopt the language 
of the quantum theory, and say that the 
incident quantum of radiation is par¬ 
tially absorbed by the molecule, and 
that the unabsorbed part is scattered, 
The suggestion does not seem to be 
altogether absurd and indeed such a 
possibility is already contemplated in 
the Kramers-Heisenberg theory of dis¬ 
persion. If we accept the idea indicated 
above, then the difference between the 
incident and scattered quanta would 
correspond to a quantum of absorption 
by the molecule. The measurement of 
the frequencies of the new spectral lines 
thus opens a new pathway of research 
into molecular spectra, particularly 
those in the infrared region. 
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some cases, whether it is due to changes 
in the molecule itself, or whether it 
arises from inelastic collisions of the 
second kind within the liquid resulting 
in partial transformation of the incident 
quantum of radiation into translatory 
kinetic energy of the molecules. When 
further data are obtained, it should be 
possible to express a definite opinion on 
this point, and also on the role played 
by the solvent in the explanation of 
ordinary fluorescence. 



6. Relation to thermodynamics 

As explained in the introduction, the 
ordinary scattering of light can be re¬ 
garded equally well as a molecular ef¬ 
fect, and as a bulk effect arising from 
the thermodynamic fluctuations of the 
whole medium. The question arises 
whether the new type of secondary ra¬ 
diation is exclusively a molecular effect 
or not, and whether it is related in any 
way to thermodynamics. The question is 
obviously one to be answered by ex¬ 
periment and theory conjointly. The 
comparative study of the effect at dif¬ 
ferent temperatures and in different 
states of aggregation of matter is obvi¬ 
ously of great importance in this con¬ 
nection. It has already been remarked that 
the effect is observable in gases and va¬ 
pours and indeed it is found possible to 
determine its intensity and polarisation in 
the gaseous state. It is also of great interest 
to remark that the solid crystal ice also 
shows the sharp modified lines in the 
scattered spectrum in approximately the 
same positions as pure water. The only 
observations made with amorphous solids 
are with optical glass. Here the modified 
scattered spectrum consists of diffuse 
bands and not sharp lines. Whether this 
is generally true for all amorphous 
solids, and whether any changes occur 
at low and high temperatures remains to 
be determined by experiment 


Figure 4(1). Incident spectrum. (2). Scattered spectrum. 


If a molecule can take up part of the 
incident quantum of radiation and scat¬ 
ter the remaining part, then it might also 
be capable of adding a quantum of its 
own characteristic frequency to the in¬ 
cident radiation when scattering it. In 
such a case we should expect a modified 
line of increased frequency. Such a 
result appears to be shown in Figure 


3(2) of plate 1, as a solitary line in the 
extreme left of the photograph. This 
result, however, requires to be con¬ 
firmed by more photographs and with 
other liquids. So far it would appear 
that a degradation of frequency is more 
probable than an enhancement. It is too 
early to speculate at present on the origin 
of the continuous radiation observed in 


7. Coherent or non-coherent 
radiation? 

An important question to be decided in 
the first instance by experiment is 
whether the modified scattered radia¬ 
tions from the different molecules are 
incoherent with each other. One is 
tempted to assume that this must be the 
case, but a somewhat astonishing obser- 
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vation made with liquid carbon dioxide 
contained in steel observation vessels 
gives us pause here. It was found on 
blowing off the CO 2 by opening a stop¬ 
cock, a cloud formed within the vessels 
which scattered light strongly in the 
ordinary way. On viewing the cloud 
through the complementary filter, the 
scattered radiation of modified fre¬ 
quency also brightened up greatly. This 
would suggest that the assumption of 
non-coherence is unjustifiable. Further, 
some qualitative observations suggest that 
the modified scattering by a mixture of 
carbon disulphide and methyl alcohol also 
brightens up notably at the critical solution 
temperature. Quantitative observations are 
necessary to decide the very fundamental 
question raised here. 


8. Possible X-ray analogies 

If a quantum of radiation can be ab¬ 
sorbed in part and scattered in part in 
the optical region of the spectrum, 
should not similar phenomena also oc¬ 
cur in X-ray scattering? The type of 
scattering discovered by Prof. Compton 
may possibly be only one of numerous 
other types of scattering with modified 
frequencies, some with a line spectrum 
and some in the nature of continuous 
radiation. The extreme ultra-violet 
region of the spectrum may also 
furnish us with numerous examples 
of the new type of radiation, which 
clearly occupies a position inter¬ 
mediate between scattering and fluores¬ 
cence. 


9. Conclusion 

We are obviously only at the fringe of a 
fascinating new region of experimental 
research which promises to throw light on 
diverse problems relating to radiation and 
wave-theory, X-ray optics, atomic and 
molecular spectra, fluorescence and scat¬ 
tering, thermodynamics and chemistry. It 
all remains to be worked out. 

I have to add in conclusion that I owe 
much to the valuable co-operation in 
this research of Mr K. S. Krishnan, and 
the assistance of Mr S. Venkateswaran 
and other workers in my laboratory. 

The line spectrum of the new radia¬ 
tion was first seen on the 28th February 
1928. The observation was given pub¬ 
licity the following day. 
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The Indian Academy of Sciences elects new Fellows - 1997 


B, Bagchi, Theoretical Statistics and 
Mathematics Unit, Indian Statistical 
Institute, Bangalore 
Area: Finite geometry, combinato¬ 
rial topology and operator theory. 

Manju Bansal, Molecular Biophys¬ 
ics Unit, Indian Institute of Science, 
Bangalore 

Area: Structural biology, molecular 
biophysics and computational biol¬ 
ogy, 

P. K, Bharadwaj, Department of 
Chcmislry, Indian Institute of Tech¬ 
nology, Kanpur 

Area: Supramolecular chemistry, 

inorganic chemistry and X-ray crys¬ 
tallography. 

S- M* Bhatwadekar, School of 
Mathematics, Tata Institute of Fun¬ 
damental Research, Mumbai 
Area: Commutative algebra and al¬ 
gebraic geometry. 

Pinakpani Chakrabarti, Depart¬ 
ment of Biochemistry, Bose Insti¬ 
tute, Calcutta 

Area: X-ray crystallography and 
structural biochemistry. 

Subliash Chaturvedi, School of 
Physics, University of Hyderabad, 
Hyderabad 

Area: Stochastic processes, quantum 
optics and statistical mechanics 
(equilibrium and non-equilibrium). 

S, R. Das, Theoretical Physics 
Group, Tata Institute of Fundamen¬ 
tal Research, Mumbai 
Area: String theory, quantum aspects 
of black holes and gauge theories. 

C. K. Das Gupta, Department of 
Biophysics, Molecular Biology and 


Genetics, University College of Sci¬ 
ence, Calcutta 

Area: Genetic recombination and 
protein folding. 

Amitabha Ghosh, Indian Institute 
of Technology, Kharagpur 
Area: Manufacturing science, ma¬ 
chine dynamics & mechanisms and 
robotics. 

S. k. Ghosh, School of Computer 
Science, Tata Institute of Fundamen¬ 
tal Research, Mumbai 
Area: Computational geometry & 
applications, robot motion planning 
and geometric graph theory. 

Subrata Ghosh, Department of Or¬ 
ganic Chemistry, Indian Association 
for the Cultivation of Science, Cal¬ 
cutta 

Area: Cycloaddition reactions and 
total synthesis of natural products. 

Anil Kakodkar, Bhabha Atomic 
Research Centre, Mumbai 
Area: Structural mechanics and nu¬ 
clear engineering. 

A. K. Kamra, Indian Institute of 
Tropical Meteorology, Pune 
Area: Atmospheric electricity, cloud 
physics and aerosol physics. 

Uday Maitra, Department of Or¬ 
ganic Chemistry, Indian Institute of 
Science, Bangalore 
Area: Asymmetric synthesis and 
supramolecular chemistry. 

Partha P. Majumder, Anthropome¬ 
try and Human Genetics Unit, Indian 
Statistical Institute, Calcutta 
Area: Biostatistics, human genetics 
and population genetics. 


Indraneel Mittra, Department 
of Surgery and Laboratory Medi¬ 
cine, Tata Memorial Hospital, 
Mumbai 

Area: Cancer surgery, cancer biol¬ 
ogy and cancer prevention. 

K, Muralidhar, Department of Zo¬ 
ology, University of Delhi, Delhi 
Area: Endocrinology, biochemistry 
and reproductive biology. 

T. R. Ramadas, School of Mathemat¬ 
ics, Tata Institute of Fundamental 
Research, Mumbai 

Area: Geometry and mathematical 
physics. 

E. V. Sampathkumaran, Depart¬ 
ment of Condensed Matter 
Physics and Materials Science, Tata 
Institute of Fundamental Research, 
Mumbai 

Area: Magnetism, superconductivity 
and oxides, metals & alloys. 

V. P. Sharma, Malaria Research 
Centre, Delhi 

Area: Malariology, epidemiology & 
malaria control, entomology, vector 
bionomics & control and genetics. 

Shekar H. Shetty, Department of 
Studies in Applied Botany and Bio¬ 
technology, University of Mysore, 
Mysore 

Area: Botany (seed biology) and 
applied botany (seed pathology & 
seed technology), microbiology 
(molecular plant pathology & bio¬ 
technological approach for plant 
disease management). 

D. C* Srivastava, Department of 
Earth Sciences, University of Roor- 
kee, Roorkee 
Area: Structural geology. 
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Acharya J.C. Bose - A Scientist & A 
Dreamer, Vols 1 & 2: P. Bhattacharyya and 
Meher Engineer. Bose Institute, 93/1, APC 
Road, Calcutta 700 009. 1996. Vol 1, 592 
pages, Vol 2, 551 pages. Price not known. 

Advances in Combinational Methods and 
Applications to Probability and Statistics; 
N. Balakrishnan (ed). Birkhauser Verlag AG, 
Postfach 133, CH-4010, Basel, Switzerland. 
562 pages. Price not known. 

Aerobiology: S. N. Agashe. Oxford & IBH 
Publishing Co Pvt. Ltd, 66, Jan Path, New 
Delhi 110 001. 1997. 615 pages. Rs 1650. 

Aquaculture in India: C. Gnaneswar and L. 
Sudhakar. Smt C. Vijayalakshmi, 7/204 & 
7/205, Court Road, New Town, Ananthapur 
515 001. 1997. 218 pages. Rs 250. 

AIDS in Africa and the Caribbean: George 
C Bond et al. (eds). Westview Press, 5500 
Central Avenue, Boulder, Coiarodo 8030D 
2877, USA. 1991. 234 pages. US $ 56. 

Bioelectrochemistry of Biomacromole- 
cules: G. Lenaz and G. Milazoo (eds). Birk¬ 
hauser Verlag AG, Postfach 133, CH-4010, 
Basel, Switzerland. 1996. 386 pages. SFr 
198. 

Biomass Energy Systems; P. Venkatara- 
mana and S. N. Srinivas (ed.). Tata Energy 
Research Institute, Darbari Seth Block, 
Habitat Place, Lodi Road, New Delhi 
110 003. 1997. 478 pages. Price not known. 

Biomass Studies Field Methods for Moni¬ 
toring Biomass: Oxford & IBH Publishing 
Co Pvt. Ltd, 66, Janpath, New Delhi 
110 001. 1997. 206 pages. Rs 145. 

Cogeneration: Policies, Potential and 
Technologies: P. K. Dadhich (ed.). Tata 
Energy Research Institute, Darbari Seth 
Block, Habitat Place, Lodi. Road, New Delhi 
110 003. 1997. 296 pages. Price not known. 

Concepts in Biotechnology; D. Balasubra- 
manian et al. (eds). Universities Press India 
Ltd., 3-5-820, Hyderguda, Hyderabad 
500 029. 1996. 425 pages. Rs. 295; 

Conquering the Brain; A. K. Mukho- 
padhyay. Conscious Publications, 22B, DDA 
Flat, New Friends Colony, Tamoor Nagar, 
New Delhi 110 065. 1995. 282 pages. Rs 
550/US$ 50. 

Conserving Biodiversity for Sustainable 
Development: P. S. Ramakrishnan et al. 


(eds). Indian National Science Academy, 
Bahadur Shah Zafar Marg, New Delhi 
110 002. 1996. 246 pages. Price not 

known. 

Differential Equations and Chaos Lec¬ 
tures on Selected Topics: N. H. Ibroginov 
et al. (eds). New Age International Pvt Ltd, 
4835/24, Ansari Road, Daryaganj, New 
Delhi 110 002. 373 pages. Rs 595. 

Eco-Refrigeration Conference on Hydro¬ 
carbon Fluids in Domestic and Commer¬ 
cial Refrigeration Appliances: Tata Energy 
Research Institute, Darbari Seth Block, 
Habitat Place, Lodi Road, New Delhi 
110 003. 1997. 226 pages. Price not known. 

Elements of Physics, Vol 1; D. Chatto- 
padhyay and R.C. Rakshit. New Age Inter¬ 
national Pvt Ltd., 4835/24, Ansari Road, 
Daryaganj, New Delhi 110 002. 1997. 506 
pages. Rs 165. 

Experiments in Microbiology, Plant Pa¬ 
thology, Tissue Culture and Mushroom 
Cultivation, 2nd Edition: K. R. Aneja. 
Wishwa Prakashan, 4835/24, Ansari Road, 
Daryaganj, New Delhi 110 002. 1996. 451 
pages, Rs 165. 

Flowering Plants of Thrissur Forests 
(Western Ghats, Kerala)': N. Sasidharan 
and V. V. Sivarajan. Scientific Publishers, 
5-A, New Pali Road, PO Box 91, Jodhpur 
342 001. 1996. 579 pages. Rs 950. 

Fundamentals of Heat and Mass Transfer: 
New Age International Pvt Ltd., 4835/24, 
Ansari Road, Daryaganj, New Delhi 
110 002. 1997. 906 pages. Rs 250. 

Fungi of Kerala: V. B. Hosagoudar et al. 
Tropical Botanic Garden & Research Insti¬ 
tute, Palode, Trivandrum 695 562. 1997. 151 
pages, Rs 200. 

Geology of Andhra Pradesh: P. K. Ramara 
and V. N. Murthy. Geological Society of 
India, Post Box 1922, Bangalore 560 019. 
1997. 245 pages, Rs 250/US $ 30. 

Handbook for Seedling Evaluation - 1993 
Reedition: Scientific Publishers, 5-A, New 
Pali Road, P.B. No 91, Jodhpur 342 001. 
227 pages. Price not known. 

Handbook of Pure Seed Definitions with 
Illustrations - 2nd Edition: Scientific 
Publishers, 5-A, New Pali Road, P.B. No 91, 
Jodhpur 342 001. 1997. 59 pages. Price not 
known. 


Heat and Thermodynamics: M. N. Bapat. 
Sultan Chand & Sons, 4792/23, Daryaganj, 
New Delhi 110 002. 1996. 664 pages 
RsllO. 

lASTA Bulletin Vol 10, Jan 1997: Indian 
Aerosol Science & Technology Association, 
Environmental Assessment Division, Bhabha 
Atomic Research Centre, Trombay, Mumbai 
400 085, 85 pages. Price not known. 

Inorganic Chemistry and Analysis 
Through Problems and Exercises: Anil 
Kumar De and Arnab Kumar De. New Age 
International Pvt Ltd., 4835/24, Daryaganj, 
New Delhi 110 002. 1997. 362 pages, 

Rs 165. 

In Search of Lost Time: Derek York. Insti¬ 
tute of Physics, Dirac House, Bristol BSl 
6BE, England. 1997. 141 pages. Price not 
known. 

Introduction to General and Applied En¬ 
tomology: A. B. Awasthi. Scientific Pub¬ 
lishers, 5-A, New Pali Road, PO Box 91. 
Jodhpur 342 001. 1996. 394 pages. Rs 650. 
Rs 140 (Student). 

Laboratory Manual in Microbiology: 
P. Gunasekari. New Age International Pvt 
Ltd., 4835/24, Ansari Road, Daryaganj, New 
Delhi 110 012. 1996. 138 pages. Rs 65. 

A Manual of Ethnobotany, 2nd Edition: S. 
K. Jain (ed.). Scientific Publishers, 5-A, 
New Pali Road, PO Box 91, Jodhpur 
342 001. 1996. 193 pages. Rs 200, 

Mathematics of Climate Modelling: V. P. 
Dyminikov and A. N. Filatov. Birkhauser 
Verlag AG, Postfach 133, CH-4010, Basel, 
Switzerland. 1997. DM 118. 

Mechno-Vision 2001: P. B. Sharma et al. 
(eds). New Age International Pvt Ltd., 
4835/24, Ansari Road, Daryaganj, New 
Delhi 110 012. 1997. 710 pages. Rs 1200. 

The Melionene - A Supplement: Tropical 
Botanic Garden & Research Institute, 
Palode, Trivandrum 695 562. 1997. 201 
pages. Rs 300/US $30. 

Microbial Biotechnology: S. M. Reddy et 
al. (eds). Scientific Publishers, 5-A, New 
Pali Road, PO Box 91, Jodhpur 342 001. 
1996. 266 pages. Rs 900. 

Neem and Environment Vols 1 & 2: R. P, 
Singh et al. (eds). Oxford & IBH Publishing 
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Co Pvt Ltd, 66 Jan Path, New Delhi 
110 001. 1996, 1225 pages. Rs 1800 (set). 

Neem in Sustainable Agriculture: S. S. 
Narwal et aL (eds). Scientific Publishers, 5- 
A, New Pali Road, P O Box 91, Jodhpur 
342 001. 1997. 266 pages. Price not known. 

Objectives and Problems in Physics: D. 
Chattopadhyay and P. C. Rakshit. New Age 
International Pvt Ltd., 4835/24, Ansari 
Road, Daryaganj, New Delhi 110 012. 1997. 
382 pages. Rs 130. 

Optics: S. L. Kakani and K. C. Bhaduri. 
Sultan Chand & Sons, 4792/23, Daryaganj, 
New Delhi 1 10 002. 1996. 541 pages. Rs 
45.50. 

Plasticity and Impact Mechanics: N. K. 
Gupta (ed). New Age International Pvt Ltd., 
4835/24, Ansari Road, Daryaganj, New 
Delhi 110 012. 1997. 550 pages. Rs 750. 

Physical Chemistry: D. K. Chakrabarty. 
Narosa Publishing House, 6, Community 
Centre, Panchsheel Park, New Delhi 
110 017. 1997. 447 pages. Price not known. 

Precision Engineering in Manufacturing: 
R. C. Murthy. New Age International Pvt 
Ltd., 4835/24, Ansari Road, Daryaganj, New 
Delhi 110 012. 1996. 252 pages. Rs 450. 

Protein Analysis and Purification Bench- 
top Techniques: I. M. Rosenberg. Birk- 
hauser Verlag AG, Postfach 133, CH-4010, 


Basel, Switzerland. 1996. 434 pages, SFr 
188. 

Reviews of Research in Pharmacology in 
India (1988-1993): C. K. Chauhan, De¬ 
partment of Pharmacology & Clinical Phar¬ 
macology Unit, LTM Medical College, Sion, 
Mumbai 400 022. 1997. 115 pages. Price not 
known. 

Role of Micronutrients in AIDS: New 
Concepts: Varuna Kochar. Prerana Publish¬ 
ing House, P B No. 149, Noida Complex, 
Sector 19, Noida 201 301. 1996. 93 pages, 
Rs 95/US$ 5. 

Saline Wastelands Environment and Plant 
Growth: B. K. Garg and I. C. Gupta. Scien¬ 
tific Publishers, 5-A, New Pali Road, P.B. 
No 91, Jodhpur 342 001. 1997. 283 pages, 
Price not known. 

Science and Society Reflections (A Col¬ 
lection of Acharya J. C. Bose Memorial 
Lecture): P. Bhattacharyya et al. (eds). 
Bose Institute, 93/1, APC Road, Calcutta 
700 009. 1996. 521 pages. Price not known. 

Science of Conciousness: Jagadishomri- 
tyunjay Attahisthanam, 555, Street No 4, 
Rajendranagar, Dehra Dun 248 001. 1997. 
275 pages. Rs 480/ US$ 48. 

Seed Technology in the Tropics: D.B. 
MacKay et al. (eds.). Scientific Publishers, 
5-A, New Pali Road, P.B. No 91, Jodhpur 
342 001. Ill pages. Price not known. 


Stimulating Technological Change: The 
FCCC in the Context of Developing Coun¬ 
try Initiations: Sharmila Barathan (ed). 
Tata Energy Research Institute, Darbari Seth 
Block, Habitat Place, Lodi Road, New Delhi 
110 003. 1997. 93 pages. Price not known. 

Studies on M. Tuberculosis: N. Veer- 
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INDIAN INSTITUTE OF SCIENCE 
BANGALORE 560 012 


Faculty Positions at the level of Assistant Professor at the Department of Instrumentation are 
open to Indian citizens having (i) a First class Bachelor’s degree in Engineering/Technology (ii) Ph D 
with specialization in Process Instrumentation and Control/Mechatronics/Transducer and Sensor 
Technology/Intelligent Instrumentation/Biomedical Instrumentation/Digital Electronics for 
Measurement (iii) about 3 years of post-doctoral research experience (relaxable in exceptional 
cases) and (iv) outstanding research record. Applicants must be able to pursue an independent 
programme of original Research and Development with commitment for teaching and achieving 
academic excellence. The total emoluments at the minimum of the scale of Rs. 3700-125-4950-150- 
5700 (likely to be revised) are around Rs. 1,32,000/- per annum. Applicants may send curriculum 
vitae (with date of birth) with a list of publications, important reprints, research plan for future work 
and names of at least three referees with their addresses including Fax and E-mail address to Prof. 
S. V. Subramanyam, Chairman, Division of Mathematical & Physical Sciences, Indian Institute 
of Science, Bangalore 560 012, India within 2 months of this advertisement. The referees may be 
requested to send their assessment of the applicant directly to Prof. Subramanyam (e-mail: 
dcphy@admin.iisc.ernet.in or fax: 091-080-3341683/3342085). 
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Continuum Mechanics, Magnetohydrodynamics and Plasma Physics. 



Applicants should have Ph D with First Class in the preceding degree, 3 years of post-doctoral 
experience (relaxable in exceptional cases) and an excellent research record, potential for 
independent research and academic leadership. Candidates with good background in mathematics 
and a strong motivation towards applications and interdiscipiinary work will be preferred. 
Mathematicians with outstanding record or research in areas other than those mentioned above are 
also encouraged to apply. Selected candidates will be required to contribute to teaching, research 
and other programmes of the Department and the Institute. The total emoluments at the minimum of 
the scale of Rs 3700-125-4950-150-5700 (likely to be revised) are around Rs. 1,32,000/- per annum. 
Applicants may send curriculum vitae with a list of publications, important reprints, research plan for 
future work and names of at least three referees with their addresses including Fax and E-mail 
address to Prof. S. V. Subramanyam, Chairman, Division of Mathematical & Physical Sciences, 
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Punjab University 

(Physics Department, Chandigarh 160 014) 

Applications are invited for a JRF/SRF/RA in the DAE Research Project, ‘Synthesis 
of New Elements and Related New Phenomena using Radioactive Nuclear Beams - 
A Theoretical Study’ under the supervision of Professor Dr. Raj. K. Gupta and in 
collaboration with Dr. Rajeev K. Puri, Physics Department, Panjab University, 
Chandigarh. The project is for about three years. The fellowhip for JRF/SRF/RA is 
Rs. 2500/2800/3500 pm (plus HRA). 

The candidate for JRF should be M Sc (Physics) with atleast 55% marks. 
Preference will be given to NET-qualified candidates. For SRF, two years of 
research experience and for RA, Ph D degree in theoretical Nuclear Physics is 
essential. 

The applications should reach the undersigned within fifteen days of the publication 
of this advertisement. 


Professor Dr. Raj K. Gupta 

Investigator-in-charge. 


Bharathidasan University 

Tiruchirapalli 620 024 

Applications are invited for the award of TWO Senior Research Fellowships to work in 
the Department of Atomic Energy, Government of India (National Board for Higher 
Mathematics) sponsored research project ‘Nonlinear differential equations of diffusive 
type; Spatio-temporal patterns, bifurcations and chaos’ under the supervision of Prof. 
M. Lakshmanan at the Centre for Nonlinear Dynamics, Department of Physics, 
Bharathidasan University, Tiruchirapalli 620 024. The Fellowships are tenable for a 
period of three years. 

Minimum Qualifications: First class M Sc Degree in Physics/Mathematics with two 
years research experience in Mathematical/Theoretical Physics preferably in Nonlinear 
Dynamics. Those candidates who do not possess requisite experience but are 
otherwise suitable may be considered for the award of Junior Research Fellowship. 

Applications on plain paper with necessary bio-data and reference letters should reach 
Prof. M. Lakshmanan at the above address within 15 days of this advertisement. 

Prof. C. Thangamuthu 

Registrar 
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Department of Science and Technology 

INDO-ITALIAN PROGRAMME OF 
COOPERATION IN SCIENCE & 
TECHNOLOGY (1998-2001) 

Call tor Joint Proposals 

Department of Science and Technology (DST), Government of India together with the 
Ministry of Foreign Affairs, Government of Italy proposes to establish and implement the 
next Indo-ltalian Programme of Cooperation (POC) in Science & Technology for 1998— 
2001. Preference would be given to joint activities of scientific excellence and contributing 
to future scientific and socio-economic development of both the countries. 

Applications are invited from the Indian researchers/institutions for collaborative proposals, 
duly signed by the Indian and the Italian Project Coordinator and endorsed by their 
respective institutions, corresponding to the following priority S&T areas identified by the 
sponsoring agencies for Indo-ltalian POC in S&T 1998-2001: 

Physics, Technology and Application of Accelerated Particles; Materials Science & 
Technology: Energy & Environment (including Antarctica Research); Technologies for 
Monuments Conservation/Restoration: Medicine & Health, including Biotechnology; 
Electronics & Robotics; Agriculture, including Biotechnology. 

These agencies, under the agreed upon Indo-ltalian POC in S&T 1998—2001, propose to 
co-finance only the exchange visits of scientists from both the sides within the framework 
of Joint Research Projects; Joint Workshops, Seminars; Utilization of Advanced Research 
Facilities; Exploratory Visits; Participation in national and international meetings/seminars 
conferences convened in India and Italy. 

The proforma for preparing Indo-ltalian proposals may be obtained from International 
Division (Smt. Sadhana Relia, Officer In-charge, Indo-ltalian S&T Programme). Department 
of Science & Technology, Technology Bhavan, New Mehrauli Road, New Delhi (Fax: 011- 
6862418; Tel: 011 -552135/Ext. 460). 

10 copies of the Indo-ltalian proposal from the Indian collaborator, complete in all respects 
(in particular with the consent of the Italian collaborator) should reach Department of 
Science and Technology latest by 31 March 1998. 
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In this issue 


The Indian Science Congress 

The annual Science Congress is 
politically the most visible scien¬ 
tific meeting in India. Held in 
the first week of January each 
year, the Science Congress derives 
much of its importance from the 
presence of the Prime Minister at 
the inaugural session. This is one 
meeting where the widely dispa¬ 
rate segments of the scientific 
community come together at a 
common forum. On the one hand 
most of policy makers and agency 
heads are present. On the other, 
there are large numbers of atten¬ 
dees from universities and col¬ 
leges across the country. The 
science component of this annual 
affair is, however, remarkably 
limited, with most sessions thinly 
attended. In these days of increas¬ 
ingly specialized meetings, the 
Science Congress has inevitably 
become an academically irrelevant 
exercise. A large section of 
India’s active, practising scientists 
are unrepresented at the Science 
Congress, where greater crowds 
are to be found outside the meet¬ 
ing halls. This issue of Current 
Science carries the text of the 
Presidential Address delivered by 
P. Rama Rao at the most recent 
Congress held at Hyderabad in 
January 1998 (page 418). Rama 
Rao paints a detailed picture of 
the growth of science and tech¬ 
nology in India over the last fifty 
years. He provides an analysis of 


the growth of S&T expenditure 
and draws attention to the ‘emer¬ 
ging pressures’ as a consequence 
of globalization. 

The activities at the Congress 
form the theme of a detailed 
report by Arunachalam (page 
397), who pointedly draws atten¬ 
tion to the differing perceptions 
on the state of science in India, 
at the inaugural session. The 
author’s comment that the char¬ 
acter of the Congress has changed 
over the years, with the leadership 
having passed into the hands of 
science administrators, echoes a 
general feeling that academic 
research in Universities no longer 
occupies pride of place in our 
scientific scene. 

To place the Science Congress 
in a proper historical perspective, 
we reproduce (page 480) major 
excerpts from the Presidential 
address delivered by J. L. Simon- 
sen at the Congress held in Cal¬ 
cutta, in January 1928. Simonsen 
presents an account of the early 
days of the Science Congress, 
having been responsible for its 
birth in 1914. Many recent 
attempts to describe conditions 
in our Universities seem to echo 
Simonsen’s analysis presented 70 
years ago. For example, he says: 
‘. .. 1 feel compelled to say that, 
with few exceptions the degree 
standard has been considerably 
lowered during the last few years. 
In my opinion, the blame does 
not lie with those actually engaged 


in teaching. The recent University 
Acts have placed far too much 
power in the hands of laymen.’ 
Simonsen argues that ‘the main 
difficulty which confronts most 
teachers is the large number of 
students, the majority of whom 
enter for their collegiate career 
not with a desire to acquire know¬ 
ledge or wisdom, but to gain a 
degree which is a stepping stone 
to government employ’. 

In a thoughtful aside, Simonsen 
quotes Cowper in making a dis¬ 
tinction between knowledge and 
wisdom 

Knowledge and Wisdom, far from 
being one. 

Have oftimes no connection. 

Knowledge dwells 
In heads replete with thoughts 
of other men; 

Wisdom in minds attentive to 
their own. 

Knowledge is proud, that he has 
learnt so much; 

Wisdom is humble that he knows 
no more. 

The latter part of Simonsen’s 
address emphasizes his own field 
of interest, the study of natural 
products an area that is making 
a major comeback today. 

The Science Congress has un¬ 
doubtedly played a key role in 
the history of Indian Science. Like 
many other institutions in our 
country, its role and purpose seem 
to have blurred with time. 

P. B alar am 
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Decline in research in 

Sushil Kumar et al. (Curr. Sci. 1998, 74, 
20-24) have made a shocking reve¬ 
lation about the decline in the iTontline 
research activity in the Indium universities. 
I have highlighted the dismal state of 
affairs in my article ‘What ails Indian 
Science’ submitted to Current Science. 
Being associated with CSIR during 
1990-95 as an expert on Physics panel 
for selection of SRFs and RAs, I fully 
endorse the conclusions drawn by the 
authors based on the available database. 

It is surprising that while the number 
of NET-qualified candidates has in¬ 
creased steadily by 5.2% in 1995-96 over 
the figures of 1991-92, there is an overall 
steady decline in the number of candidates 
opting for research career in science and 
technology. The figures are mind-bog¬ 
gling, i.e. 54% drop in interest of post¬ 
graduates for doctoral studies in physical 
sciences and 28% in medicine and engi¬ 
neering during the same period. The worst 
hit is the discipline of earth sciences 
where the decline of interest is sudden 
and frightening. 

The authors have analysed the reasons 
for the decline of interest in scientific 
research among the young graduates in 


Indian universities 

India due to (i) scarcity of job opportu¬ 
nities in the universities and research 
organizations, and (ii) liberalization of 
Indian economy, creating more avenues 
of employment in trade and marketing 
sectors. 

What strategies should be evolved to 
stem this decline? The authors leave this 
question open for discussion. I wonder 
why this problem has not rattled the 
brains of big-wigs of Indian science! 
Abdus Salam, Nobel Laureate, has ana¬ 
lysed this problem of India and Pakistan 
in his book Ideals and Realities (World 
Scientific, 1995) as follows: (i) The very 
poor quality of science education at all 
levels, (ii) higher grades and better fa¬ 
cilities for civil service (IAS) bureaucrats, 
and (iii) the tradition of building advanced 
centres of research outside the university 
system. 

In our ov/n university, during the last 
fifteen years the strength of science 
faculty has increased three-fold but the 
per capita research output has dropped 
to one third of its level in 1982. The 
quality of research has deteriorated as 
there are no incentives for research. Due 
to sudden expansion in the university, 


CORRESPONDENCE 


the number of science departments has 
grown from 4 to 16 during the last 15 
years, the infrastructure facilities have 
decreased drastically. There is a wide 
disparity between the grades of research 
staff and the teaching faculty. A 
NET-qualified lecturer gets nearly three 
times more salary than a JRF with the 
same qualification. Hence most of the 
NET-qualified candidates opt out of the 
research stream. All our toppers in M Sc 
either compete for the most coveted IAS 
examination or seek admission to MBA 
or MCA professional courses for better 
job opportunities. 

In my view, this down-hill slide will 
continue in future and the ‘Vision India 
2020’ projected by A. P. J. Abdul Kalam 
{The Tribune, Chandigarh, 23 February 
1998) will get distorted unless our science 
planners review the situation in light of 
the facts presented by the authors. 


H. S. ViRK 

Department of Physics, 

Gum Nanak Dev University, 

Amritsar J43 005, India 


NEWS 


Science Congress 1997-98 


Come January, scientists of India assem¬ 
ble for the annual meet of the Indian 
Science Congress Association (ISCA), 
never mind if some of them decry it and 
even suggest scrapping it. Over the years, 
the Congress has acquired the unenviable 
reputation of a ‘mela’, and it was time 
someone took it upon oneself to regain 


for the Congress its original purpose of 
a meeting where current developments 
are discussed in an interdisciplinary set¬ 
ting and a forum is provided for evolving 
policy directions. In all fairness, I must 
say that P. Rama Rao, the general presi¬ 
dent of ISCA, has tried his best to do 
just that. 


The 85th session of ISCA, held at the 
sprawling campus of the Osmania Uni¬ 
versity, Hyderabad, during 3-7 January 
was attended by about 3700 Indian and 
75 foreign delegates. Among those 
attending the congress were an amateur 
inventor from Pune who seems to have 
met a number of scientific celebrities, a 
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businessman-cum-water diviner, many 
retired scientists including Fellovv's of 
Academies and former vice chancellors 
and close to fifty officials from different 
scientific departments in Delhi. However, 
participation by the private sector indus¬ 
try, as pointed out by Ashok Ganguly, 
Chairman of ICI Limited, was rather 
meagre. May be the Indian industry con¬ 
tinues to perceive scientific research as 
a peripheral activity of not much conse¬ 
quence to them. 

There were seven plenary sessions, six¬ 
teen sections, two committees and six 
fora, a special session on science for 
schools and an exhibition for children. 
To cap it all, there was a public lecture 
by Roald Hoffmann, the Nobel prize¬ 
winning chemist from Cornell University. 
Not only were the plenary sessions held 
at the Tagore Auditorium well attended, 
despite occasional power failure and poor 
audiovisual support but many sectional 
sessions also attracted much larger audi¬ 
ences than regular attendees of Science 
Congress meetings had seen before. Per¬ 
haps, because the sessions were not 
crowded, and only a few speakers were 
invited to make presentations in each 
session and each speaker was given a 
respectable 15-20 minutes. The content 
of the programmes was generally per¬ 
ceived to be of a higher standard than 
the usual Science Congress fare. 

Inaugurating the Congress, Prime Mini¬ 
ster Inder Kumar Gujral said that both 
his happiest and saddest moments as 
Prime Minister were to do with science 
and technology. He was happiest when 
he saw the launching of a satellite by 
our space scientists. He was saddest when 
a village in Rajasthan invited him to 
thank him for providing drinking water 
after fifty years of independence. He drew 
attention to the achievements and lacunae 
in Indian science. On the one hand, we 
have some outstanding achievements in 
space research, missile technology, agri¬ 
culture and nuclear energy, and on the 
other we have not been able to tackle 
such basic problems as public hygiene 
and provision of drinking water to all 
our people. He wanted the scientists to 
help the nation tackle the problems of 
illiteracy, power generation, and creation 
of scientific temper among the people. 
He wanted the message of science to be 
spread, right from the primary school 
level and up to the level of politicians, 
policy makers and administrators. He 


wanted Indian scientists to take interest 
in patenting and Intellectual Property 
Rights, and urged them to go beyond 
import substitution and be truly innovative 
and help forge links between academia 
and national laboratories on the one hand 
and the industry on the other. The Prime 
Minister asserted with pride that whenever 
some foreign countries mounted pressure 
on India, we have converted every denial 
into an opportunity. Super computers and 
the cryogenic engine ate two examples 
where indigenous efforts succeeded when 
overseas help was denied. Among the 
suggestions he offered are the revival of 
the science talent search scheme and the 
institution of a new award to recognize 
those who promote scientific temper 
among the people. 

How much are we investing in 
science? 

The inaugural day saw the dignitaries 
airing views contradicting one another. 
Yoginder Alagh, Minister of State for 
Science and Technology (as well as 
Power) said that science in India was 
doing well ‘by any serious standard’, 
that, contrary to what was generally 
believed, Indian industry was spending 
1.26% of industrial GDP, and that the 
share of citations to Indian work was not 
going down as was widely believed. He 
quoted some recent preliminary studies 
based on data collected by the Reserve 
Bank of India to substantiate his figure 
for the amount spent on R&D by the 
Indian industry, and some undisclosed 
studies to support his claim that Indian 
scientific papers were cited more often 
than were normally credited. He said that 
we had so far neglected the contribution 
made to R&D by small enterprises in 
the country, which for some reason were 
not registered with the Department of 
Scientific and Industrial Research as a 
SIRO- (scientific and industrial research 
organization). Even larger enterprises, he 
said, no longer felt the necessity to register 
with the DSIR, as liberalization had 
brought much of the benefits even without 
such registration. Alagh said that recent 
studies had shown that R&D intensity is 
much higher in some small industries 
than in large industries. 

P. Rama Rao, former Secretary of the 
Department of Science and Technology 
and this year’s general president of the 
Indian Science Congress Association, was 


the first to differ with Alagh. In his 
presidential address, Rama Rao drew 
attention to the decline in the investment 
on science and technology (in terms of 
percent GNP), and said that sub-critical 
investment had led to the funds being 
spread too thin on too many projects in 
a large number of institutions. According 
to him, 67% of the Rs 360 million 
invested on science in the Eighth Plan 
came from the central Government, and 
24% from the industry. Stating that India 
invests annually about $2.5 billion, com¬ 
pared to $500 billion worldwide, and that 
only 15% of this meagre investment goes 
to support basic research, Rama Rao said 
that return on investment on science was 
much higher than in other fields of pro¬ 
ductive activity. He pleaded for continued 
support for basic research and a rapid 
rise in the investment on science and 
technology to 2% of GNP by the end 
of the 9th Plan. 

C. N. R. Rao, Chairman of the Scientific 
Advisory Committee to the Cabinet, was 
the next to differ with Alagh. He was 
clear in his mind that funding for scientific 
research was inadequate and that Indian 
scientists were finding it increasingly dif¬ 
ficult to publish their work in reputed 
journals of the world, especially in the 
experimental sciences. Nor were they fil¬ 
ing a large number of patents. In his 
view, the gap between the advanced coun¬ 
tries of the West and India in science 
and technology was increasing rapidly, 
and the visibility of Indian science was 
rather low. He asked, ‘How did we fail 
to motivate the young and attract them 
to research and how did we fail to per¬ 
suade industry to support science?’ He 
wanted science and higher education to 
be recognized as a basic necessity and 
a minimum requirement. He warned that 
if we did not save science in India now, 
it would be wiped out. The government 
should support both science and educa¬ 
tion, he said. He was also critical of 
setting up more and more engineering 
colleges, as we would not be able to 
absorb all the graduates. He was greatly 
concerned about the lack of the right 
kind of role models for our youngsters 
and the bickering among scientists. Dedi¬ 
cation and generosity were in short supply 
in Indian science, he lamented. ‘Stop 
harassing each other,’ he advised Indian 
scientists, and ‘learn to distinguish be¬ 
tween frontline science and routine work’. 
He blamed the crisis in leadership. And 
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most of the leaders of Indian science 
were there at the Congress. 

Speaking on science and scientists in 
the 21st century, C. K. N. Patel, Vice 
Chancellor of Research, University of 
California, Los Angeles, was even more 
critical of science in India. Invited by 
Mrs Indira Gandhi once, he recommended 
closing down most of the national labo¬ 
ratories as they had outlived their use¬ 
fulness. Of course, his advice was ignored, 
and he was not invited again, he said. 
He blamed lack of vision and lack of 
sharp focus for India’s inability to gen¬ 
erate knowledge that could be converted 
into wealth. Random walking on the roads 
of research would not do. ‘Individually 
you may find some good scientists but 
collectively you are nowhere on the global 
scenario,’ he continued. There have been 
no major breakthroughs from India. In 
physics, for example, he said, he rarely 
sees papers from India in Physical Review 
Letters, whereas Chinese scientists ac¬ 
count for one third of the papers published 
in that journal. A quick check showed 
that Chinese scientists did not publish 
that many papers, but Patel had a point. 

Speaking on wealth creation and 
industrial R&D, Ash ok Ganguly, Chair¬ 
man, ICI Limited, said that the quality 
of public S&T had eroded because of 
increase in numbers beyond imagination, 
shortage of funds and preoccupation with 
import substitution, and that with a few 
exceptions, its wealth creation capacity 
had virtually disappeared. He felt that 
time was overdue to find ways and means 
to modernize both the people and the 
institutions in the S&T sector. He pleaded 
for a grand alliance between academic 
research and industrial R&D. He deplored 
Indian industry’s reluctance to invest in 
R&D and said that if it had to remain 
competitive it could do so only through 
superior S&T-driven innovations. Unfor¬ 
tunately, real change was not happening, 
he lamented. He also called for greater 
thrust towards agricultural R&D, as it 
would be critical for the country’s sus¬ 
tainable development. His message: Invest 
and invest even more massively in S&T 
institutions, industrial and agricultural 
R&D to generate wealth, the only weapon 
to banish poverty and illiteracy, he said. 
Stating that both demand and curiosity- 


*Alagh has published a paper in a recent issue 
of Economic and Political Weekly on R&D 
investment in India. 


driven research was necessary and that 
one without the other would be much 
less valuable as the former led to wealth 
creation and the latter led to production 
of new knowledge, he said that much of 
the responsibility for research lies with 
the Indian industry and not the govern¬ 
ment. 

Maybe Alagh, the scholar and econo¬ 
mist, should publish a detailed article in 
a refereed professional journal, substan¬ 
tiating his claims*. That after so many 
years of planned scientific activity, we 
are not even sure of how much we spend 
on science, and how well our work is 
recognized is a matter for concern. Sur¬ 
prisingly, my suggestion to set up an 
Observatory for Science and Technology 
in India, to provide such indicators on a 
regular basis, was turned down last year 
by more than one department of the 
government. 

Indo-US collaboration 

Another theme that was discussed at the 
Congress was international collaboration, 
especially Indo-US collaboration in sci¬ 
ence and technology. Tracing the trans¬ 
formation of science from pre-World War 
era to the post-cold war era, C. K. N. 
Patel said internationalization of science 
had come to stay and defence research 
had been put on the back burner. Marcia 
Greenwood, incoming President of the 
American Association for the Advance¬ 
ment of Science and a member of the 
US National Board of Science, was 
unhappy about the dwindling budget for 
joint Indo-US projects. The US-India 
rupee funds, which supported an active 
research programme in India, had come 
to an end in early January. Consequently, 
from now on the National Science Foun¬ 
dation has to rely on agreements with 
the Department of Science and Techno¬ 
logy. Greenwood, currently chancellor of 
the University of California at Santa Cruz, 
felt that Indo-US collaboration in science 
was mutually beneficial, especially in 
fields such as high energy physics, 
astrophysics, mathematics, materials sci¬ 
ence and engineering, biotechnology and 
agriculture. She said that nationalist poli¬ 
tics should not be allowed to affect 
international collaboration in science and 
pleaded for delinking politics from sci¬ 
ence. Problems such as infectious dis¬ 
eases, greenhouse emissions and sea level 
rise require cooperative research and 


sharing of results by scientists of different 
countries. Her own university, she said, 
was forging a unique link with India in 
the form of academic interchange and 
collaboration with leading Indian institu¬ 
tions such as the Tata Institute of 
Fundamental Research, University of 
Hyderabad, Calcutta University, and the 
National Institute of Advanced Studies, 
Asserting that knowledge was the key to 
the future, Greenwood suggested that 
science in the national interest requires 
a national interest in science. Despite the 
long history of leading in science, the 
United States would find it difficult to 
maintain the lead if growth in R&D 
funding would not keep pace with infla¬ 
tion, she said. According to her, if federal 
science policy is the engine and education 
and advocacy are the long-term source 
of energy, then partnerships and collabo¬ 
ration are the vehicles for progress in 
science. She urged scientists in both coun¬ 
tries to persuade the legislators and 
bureaucrats in Washington and Delhi to 
vote continuity and stable growth for 
science investments. 

The Chairman of the US House of 
Representatives Committee on Science, 
James Sensenbrenner, known to be a 
conservative Republican, urged that sci¬ 
ence should not be made a handmaiden 
of foreign policy goals. We cannot risk 
making scientific cooperation vulnerable 
to accusations that it is just another type 
of foreign aid. After all, he said, foreign 
aid continued to be unpopular with the 
tax paying public and linking it to funding 
for science would not advance the cause 
of science. He was critical of the $400 
million Shuttle-Mir partnership. It was 
established in the wrong way for the 
wrong reasons. The Shuttle-Mir partner¬ 
ship was arranged by the Clinton admini¬ 
stration to augment the US-Russian 
foreign policy more than for the science 
that could be achieved, he said. Widely 
believed to have been established as a 
sop to Russia to compensate for its loss 
of revenue resulting from the cancellation 
of the sale of rocket technology to India 
in 1994, the partnership only led to break¬ 
ing of promises by Russia and to reduction 
of funding for other important science 
programmes in the United States to pay 
for the cost over-runs in the Russian 
space programme. Stating that increasing 
costs of cutting edge science required 
cost sharing by all participating countries, 
he emphasized that it was imperative for 
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all partners in international ventures to 
be vigilant and to protect their own 
interests. He cited the example of the 
large hadron collider project located in 
Geneva, in which more than 20 countries 
including the US and India were partners, 
and narrated the steps taken to ensure 
non-European interests. He was confident 
that the new agreement between India 
and the United States, signed in the last 
week of December 1997 in Washington, 
would be a model for the future. Inci¬ 
dentally, even science policy specialists 
of NISTADS and the Jawaharlal Nehru 
University had not heard of this agreement 
till they heard it from Sensenbrenner! So 
much for our government’s transparency 
and keenness to disseminate information. 

Other plenary and special 
lectures 

There were many other plenary and spe¬ 
cial lectures. Most of them were well 
attended. In fact, the hall was overflowing 
to hear Nobel Laureate Roald Hoffmann 
and Kalinga Prize winner Jayant Narlikar. 
Unfazed by frequent power failure and 
the poor public address system, Hoffmann 
used his public lecture on molecular 
beauty to demonstrate to the audience 
the underlying unity that unifies science 
and art-art including aesthetics, poetry, 
architecture and music. Giving several 
examples from India, he left no one in 
doubt that he was a good friend of India. 
Defining chemistry as the study of sub¬ 
stances and their transformation, he went 
on to show how symmetry and repetition 
of patterns underlie all that is beauti¬ 
ful-be it a simple molecule or the most 
beautiful structure. Taj Mahal is a mag¬ 
nificent monument not because it is just 
beautiful. In fact, it is a paradigm of 
nature; a microcosm of nature’s symme¬ 
try. It is a systematic repetition of its 
sample molecule. For him the spectral 
lines of a molecule are their musical 
notes. He emphasized the virtue of 
humility and urged scientists to work in 
tandem with nature. He admonished sci¬ 
entists not to lose the 'moral sense’ and 
exhorted them to serve the people first. 

Delivering the C. V. Raman Birth 
Centenary Award Lecture, Jayant Narlikar 
made a lucid presentation of current puz¬ 
zles in cosmology and left no one in 
doubt why he was rated high as a science 
communicator. According to him, no 
model has given complete answers to 


both the origin of the universe and the 
direction it is taking. The dark matter 
and the concept of creation of new matter 
in the galaxies, both proposed to explain 
the hydrogen clouds in the outer periphery 
of a galaxy moving faster than the laws 
of motion and gravity would allow, were 
again not fool proof, he said. Other puz¬ 
zles include cosmic antigravity and the 
age of the galaxy itself. 

M. G. K. Menon recalled the great 
achievements of Indian scientists of an 
earlier generation - men like Raman, 
Saha, J. C. Bose, and S. N. Bose, who 
were gentlemen amateurs endowed with 
deep motivation and a profound sense of 
curiosity about nature. He said that since 
Independence, society had gone through 
major transformations and science and 
technology in India had grown tremen¬ 
dously. Emphasizing the need for India 
to set her own agenda for science and 
development based on technological com¬ 
petence and self-reliance, Menon wanted 
Indian scientists to abandon any sense of 
defeatism and start with a new sense of 
confidence. At the same time, he said 
Indian science should avoid living in 
isolation. Emphasizing the need for blend¬ 
ing the modern with the traditional, 
Menon suggested the need to take ad¬ 
vantage of Internet and other information 
infrastructures and biotechnology. He sug¬ 
gested a change in the organizational 
stmcture of science and technology in 
India; the departments, councils and com¬ 
missions should yield their place to a 
networked infrastructure. 

Talking on agricultural science and 
technology in India, M. S. Swaminathan 
said that we need more science, both in 
the public and private sectors, related to 
agriculture, if we are to falsify neo- 
Malthusian predictions of widespread food 
and drinking water insecurity. He was 
greatly concerned about the erosion of 
the ecological foundations - soil, water, 
forests and biodiversity - essential for sus¬ 
tainable advances in farm productivity, 
and the paucity of major technological 
innovations to fight the ‘fatigue of the 
green revolution’. In order to reach the 
unreached, Swaminathan suggested that 
attention be paid to on-farm and off-farm 
employment generation, increasing invest¬ 
ment in rural infrastructure, and harness¬ 
ing information technology to provide 
timely information relating to meteoro¬ 
logy, management and marketing. A com¬ 
bination of science, education and social 


mobilization, Swaminathan pointed out, 
could help convert green revolution into 
an evergreen revolution. 

The talk by W. Keifor on the impact 
of Raman spectroscopy and that by David 
Cox on statistics in science and techno¬ 
logy were truly professional. David ex¬ 
plained how statistics plays an important 
role in science today, giving examples 
from physical, biological and social sci¬ 
ences. Keifer showed how the simple 
technique invented by C. V. Raman had 
evolved, thanks to advances in optics and 
instrumentation, into one of the most 
potent tools in modem science with 
applications in art, archaeology, biology 
and medicine. He showed pictures of the 
complex array of equipment in his labo¬ 
ratory costing millions of dollars, a far 
cry from the pioneering experimental 
setup of Raman, and gave examples of 
problems where Raman spectroscopy is 
playing a key role, such as identification 
ol pigments on medieval manuscripts and 
identification of alkaloids in plants. Both 
these talks demonstrated the awesome 
power of tools and techniques, conceptual 
and physical, to solve problems in a wide 
variety of fields. The presidential address 
in the mathematics section (by Karmeshu) 
was of the same genre too. Karmeshu 
demonstrated how quantitative techniques 
of physical and mathematical sciences 
such as modeling, nonlinear and stochastic 
equations and self-organization could be 
applied to the study of complex social, 
economic, political and biological sys¬ 
tems. Among the diverse topics he dealt 
with are diffosion of innovations, infor¬ 
mation dittusion, competing social groups, 
technological evolution, urbanization, mi¬ 
gration, queuing in random environment, 
machine interference, traffic flow, hydro- 
logical systems, and seismic excitation. 
Incidentally, the mathematics section was 
perhaps one of the best organized in this 
year’s Science Congress. 

M. S. Valiathan, Vice Chancellor of 
the Manipal Academy of Higher Educa¬ 
tion, spoke about endomiocardial fibrosis, 
a mysterious disease afflicting children 
in Kerala and other coastal areas close 
to the equator. The disease is charac¬ 
terized by sudden ballooning of the heart 
due to the formation of thick fibres inside 
the heart ventricle affecting pumping of 
blood. He presented evidence to show 
that cerium, a toxic rare earth element 
present in the monozite sands, was res¬ 
ponsible for this debilitating heart disease 
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which kills children within six years of 
onset. This again was a report of an 
interdisciplinary study involving cardio¬ 
logists of the Sree Chitra Tirunal Institute 
of Medical Sciences and Technology, and 
mapping of the cerium mineralization by 
the Bhabha Atomic Research Centre, 
geologists and oceanographers. 

G. Padmanaban, Director, Indian Insti¬ 
tute of Science, spoke about the ethics 
of gene cloning and Nitya Nand traced 
drug discovery research in India, T. R. 
Anantharaman spoke on his favourite 
theme, science, spirituality and society, 
and R. C. Mehrotra presented a paper 
on the chemistry and technology of 
M-O-C derivatives. 

Theme sessions 

Three plenary sessions were devoted to 
specific themes, viz. energy options, 
information technology and ecology and 
environment. The panel on energy options 
was heavily overloaded with advocates 
of nuclear power chairing the session on 
energy options. R. Chidambaram, Chair¬ 
man of the Atomic Energy Commission, 
said that both nucleai- and renewable en¬ 
ergy sources should be exploited. Morris 
Rosen, Advisor for environmental matters 
at the International Atomic Energy 
Agency in Vienna, painted a rosy picture 
of the nuclear energy option. He cited 
the extraordinarily high energy density 
of nuclear l\iel, low risk, i^w levels of 
spent fuel that can be safely disposed, 
and low levels of pollution as reasons 
for his preference. From the point of 
view of environment, he said that nuclear 
energy was far superior to coal and other 
fossil fuels and solar photovoltaic cells 
(because of the release of greenhouse 
gases during the manufacture of silicon 
chips). Ch Surendra of the Nuclear Power 
Corporation of India pleaded for the 
establishment of more nuclear power 
plants, as they would not contribute to 
global warming and acid rain and their 
unit energy cost would be favourable. 
H. S. Mukunda of the Indian Institute of 
Science argued in favour of renewable 
energy sources, especially bio-residues, 
for they would help provide decentralized 
production of electricity, avoiding the grid 
approach which has not yielded satisfac¬ 
tory results. Also, low power levels of 
these plants would mean lesser capital 
requirement, making it easy for private 
investors. Bhakta Rath of the U.S. Naval 


Research Laboratory spoke about a source 
not so well known in India, viz. gas 
hydrates which occur as crystalline solids 
on ocean beds. These clathrates are 
essentially methane gas surrounded by a 
cage of water molecules. His laboratory, 
he said, had entered into an R&D col¬ 
laboration with the Gas Authority of India 
to explore the possibility of using this 
methane deposit as a source of energy. 
Satish Chandran, formerly principal sec¬ 
retary to the prime minister, said that 
despite attempts to woo private investors, 
public funding of power projects should 
continue for a long time to come. It was 
necessary to ensure a rapid increase in 
power production needed to sustain a 
7-8% annual growth of GDP. 

A. V. Gokak, Chairman of the Tele¬ 
communication Commission, said that 
plans were afoot to ensure the availability 
of telephone connections on demand by 
the year 2002. Elaborating on the plans 
for the Ninth Plan and beyond, he said 
that the thrust areas included replacing 
manual exchanges with computerized 
digital exchanges, modernization of eUwS- 
tomer services, setting up high quality 
backbone network tor information super¬ 
highway and laying of fibre optic cables 
and microwave systems. He called upon 
researchers to concentrate on developing 
rural networks and to strengthen the 
indigenous research base. Stating that the 
biggest challenge before the scientific 
community was to make communication 
technology affordable as well as acces¬ 
sible to all the people, Ashok Jhunjhun- 
wala went on to explain the salient 
features of the work on low-cost telephone 
exchange carried out in his own laboratory 
at the Indian Institute of Technology, 
Chennai. Incidentally, the CorDect wire¬ 
less local loop system developed by his 
group is already in use in many countries 
including China and Brazil. Mark Hill of 
the University of Wisconsin at Madison 
cautioned that in countries like India the 
differences between the information haves 
and have nots could exacerbate the already 
existing social tensions. Asish Arora of 
Carnegie Mellon University drew atten¬ 
tion to the rapid erosion of the cost 
advantage India enjoyed in software 
development. V. S. Arunachalam, for¬ 
merly Scientific Advisor to the Ministiy 
of Defence, emphasized the need to con¬ 
centrate on parallel computing and net¬ 
working. Raj Reddy of Carnegie Mellon 
University spoke about the immense 


potential of digital libraries and electronic 
commerce. He predicted the advent of 
Giga PCs within two years and systems 
that would never fail. N. Balakrishnan 
of the Indian Institute of Science also 
spoke, in another session, about digital 
libraries and information superhighway 
in the Indian context. 

Speaking on the session on ecology 
and environment, Raghavendra Gadagkar 
of the Indian Institute of Science stressed 
the need for identifying the tens of thou¬ 
sands of insect species found in the sub¬ 
continent. He felt that biological research 
in India is heavily tilted in favour of 
cellular and molecular biology and urged 
taxonomists and entomologists to contrib¬ 
ute to the study of insect biodiversity. 
Jayanta Bandyopadhyay, noted environ¬ 
mentalist, urged scientists to take a 
holistic and interdisciplinary view of sus¬ 
tainable development of the mountains, 
as mountains form a substantial fraction 
of terrestrial surface and provide close 
to two thirds of freshwater used. A. T. 
Natarajan spoke on cytogenetic mapping 
of chromosomal damage to human popu¬ 
lations exposed to ionizing radiation, and 
A. Peerally of Mauritius discussed the 
environmental and ecological issues rele¬ 
vant to the quality of life in the developing 
regions. 

Beyond the sessions 

The Swama Bharati Science and Tech¬ 
nology Exhibition organized as part of 
the Congress was well attended. Thou¬ 
sands of school children saw the exhibits. 
The section on Mathematics in the Mod¬ 
ern World put up by the St Stephen 
College, Delhi, was a star attraction. It 
succeeded to a large extent in explaining 
to. the people the practical applications 
of mathematics in physics, finance and 
stock markets, music, etc. The Homi 
Bhabha Centre for Science Education had 
put up an exhibition entitled ‘Science: A 
human saga’ at the Tagore auditorium, 
the venue of the plenary sessions. 

There was a meeting of the International 
Federation of Associations for the 
Advancement of Science and Technology 
(IFAAST), rather poorly organized. The 
saving grace was an outstanding talk by 
Roald Hoffmann. 

There was a media centre with moderate 
facilities and helpful staff led by Usha 
Vyasulu Reddy. But often they could not 
procure texts of talks presented at various 
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venues. They brought out a conference 
daily called Scan ’98, largely produced 
by students of the Osmania University 
Department of Journalism. 

Some critical observations 

In ^e past few years, the character of 
the annual meeting of the Science Con¬ 
gress Association has changed. The 
leadership has passed on from academics 
-university professors - to bureaucrats. 
Look at the general presidents of ISCA. 
Last year it was S. K. Joshi, formerly 
Director General of CSIR and Secretary, 
DSIR. This time around it was P. Rama 
Rao, former Secretary, DST, and currently 
Chairman, Atomic Energy Regulatory 
Board. Next year it will be Manju Sharma, 
Secretaiy, DBT. The year after it will be 
R. A. Mashelkar, Secretary, DSIR. Is it 
all , for the good, asked a delegate from 
Delhi. Our universities are downgraded 
not only from outside but also from 
within the scientific and scholarly com¬ 
munity, he opined. Could it be because 
bureaucrats are in a position to fund such 
associations and meetings and laboratory 
scientists, however competent they may 
be in their work, have to depend on the 
bureaucrats for their survival? Also look 
at the awardees in this year’s Science 
Congress. There were thirteen of them 
including those who received the five 
newly instituted awards. Asked A. Maha- 
devan, who spoke in the Botany Section 
on the last day, why was it that we kept 


on speaking of encouraging young sci¬ 
entists if the major awards of the country 
had to go to the same set of people. 
This question was also raised by reporters 
covering the Congress. Aren’t we giving 
the impression to the large number of 
young research scholars attending the con¬ 
ference that one has to be a science 
administrator to win an award or be 
elected general president of ISCA? This 
year’s award winners included-you 
wouldn’t get a prize for guessing it 
right-M. G. K. Menon and Yash Pal, 
both of whom delivered lectures without 
a prepared text. Neither the organizers 
nor the media centre could provide a 
summary of their talks let alone the full 
text versions. If scientists want their 
views - especially about dwindling sup¬ 
port-to be heard and acted upon, they 
should take such meetings seriously. Per¬ 
haps, the ISCA general president should 
insist on the submission of the text well 
in advance. 

Several speakers touched upon the 
important issue of the exodus of the 
youth away from science not only to 
careers in engineering and medicine but 
also to management and marketing. It is 
clear that science education is being 
neglected and that science is no longer 
an attractive career option. The exodus 
is not restricted to the entry level. A 
substantial number of scientists, it was 
pointed out, were leaving the Departments 
of Space, Atomic Energy, Defence and 
CSIR for lucrative jobs in the globalized 
private sector. P. N. Tandon, the eminent 


neurosurgeon and former president of 
INSA, asked scientists to stop deserting 
the ship (of science in India) and sailing 
abroad. He urged young scientists to stay 
back, work on problems relevant to India 
and pursue excellence. But the Govern¬ 
ment is seriously considering to treat 
higher education as a non-merit good! 

There were many disruptions caused 
by power failure. The first technical ses¬ 
sion on the second day of the conference, 
when the presidents of different sections 
were to deliver their presidential 
addresses, was delayed by nearly an hour. 
When Roald Hoffmann, the star attraction 
at the meeting, was delivering his special 
lecture on molecular beauty there were 
many disruptions to the great discomfiture 
of the organizers. The Andhra Pradesh 
Government had given Rs 10 million to 
the Osmania University but the entire 
sum seems to have been spent on giving 
a facelift to the campus. A part of it 
could have been used to improve the 
infrastructure. 

These shortcomings notwithstanding, 
one got the feeling that efforts were 
afoot to change the perception that 
the annual meeting was a mela. Will the 
Madras session be better than the one at 
Hyderabad? 


Subbiah Arunachalam, M.S. Swami- 
nathan Research Foundation, Third Cross 
Street, Taramani Institutional Area, 
Chennai 600 113, India. 
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Green fluorescent protein: A novel reporter gene 

Sonia, P. K, Jaiwal, A. Ahad and Lingaraj Sahoo 


Plant transformation systems involve the 
stable insertion of the functional DNA 
directly into the genome of plant cells 
and their regeneration into transgenic 
plants. During the last decade, a wide 
range of methods and different approaches 
have been used to produce transgenic 
plants with many desirable traits in many 
important crop plants and some of them 
are moving to market for the end-users’. 


However, the main bottleneck in trans¬ 
genic research is the low efficiency of 
stable gene transfer. The success of any 
transformation experiment depends upon 
the selection of the transformed cells, 
which are limited in number, from the 
whole plant tissue. To increase the fre¬ 
quency of transformed cells, it is essential 
to standardize all the factors (depending 
on the gene transfer technique used) using 


transient expression of reporter genes 
whose expression can be measured visu¬ 
ally or biochemically and then to carry 
out transformation experiments using 
these optimized parameters. A large num¬ 
ber of reporter genes are presently 
available. Among them, the most widely 
used is the gus reporter gene system and 
others are luc, cat and anthocyanins. 
These reporter genes suffer from various 
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limitations like low enzyme stability, 
low sensitivity, high cost, substrate 
requirement or lethal assay technique (see 
Table 1), 

In the nineties, a novel reporter gene, 
green fluorescent protein (GFP) isolated 
from the Pacific jellyfish, Aequorea 
aequorea^, has been cloned^ which codes 
for a protein that fluoresces spontaneously 
in heterologous cells. In vivo light is 
produced by the bioluminescent jellyfish 
Aequorea victoria, when calcium binds 
to photoprotein aequorin which oxidizes 
bound coelentrazine. Second protein GFP 
derives its excitation energy from this 
oxidation and transduces it to produce 
green light"^ (Figure 1). 

GFP is composed of 238 amino acids 
and is characterized by the presence 
of highly fluorescent chromophore. At 
positions 65-67, Ser-Tyr-Gly tripeptide is 
cyclized, which oxidizes to form /;-hydroxy- 
benzylidene-imidazolidinone chromophore'\ 
Recent analysis of molecular structure 
shows GFP to consist of eleven strands of 
^-sheet forming the shape of a cylinder 
capped with a-helices on the top and bot¬ 
tom. These a-helices also form a scaffold 
for die chromophore, which is located near 
the geometric centre of the protein. This 
new protein structure has been named p- 
The amino acid folding and formation 
of chromophore is oxygen dependent and 
requires almost 4 h. 

The GFPs are unusually stable proteins 
and remain fluorescent up to 65°C, pH 
11, 1% sodium dodecyl sulphate (SDS) 
or 6 M guanidinium chloride and resist 
most proteases for several hours^. Puri¬ 


fied GFP absorbs blue light (maxi¬ 
mally at 395 nm with a minor peak at 
470 nm) and emits green light (peak 
emission at 509 nm with a shoulder at 
540 nm)^ 

The jellyfish Aequorea victoria GFP 
possesses a number of desirable traits 
and has great potential to be used as 
reporter system especially in living tissues 
(Table 2). First, the expression of GFP 
is cell autonomous and independent of 
cell type and location. The mechanism 
of fluorescence is self-contained in the 
protein and does not require any cofactors 
to fluoresce. Secondly, the detection of 
gene expression is very simple and em¬ 
ploys irradiation using standard long wave 
UV light sources. Introduction of any 
exogenous substrate is not required unlike 
other commonly used reporter genes (gus, 
luc, cat). The gene product or the assay 
technique are not lethal to the tissue. 
Thirdly, its relatively small molecular size 
(26,900 kDa) makes protein fusions 
manageable and also does not affect native 
protein structure, compartmentation as 
well as function. Fourth, amino acid re¬ 
placements in the polypeptide yield light 
of difforent colours‘^ 

GFP can be used as long-term lineage 
marker provided it can be expressed from 
a strong, cell type specific promoter. The 
use of different cloned GFPs to track 
multiple cell types enables differences in 
cell movement or migration to be visu¬ 
alized in real time without the need to 
add additional agents or fix or kill the 
cells‘^\ The ideal fusion of GFP with a 
host protein preserves both the fluores¬ 


cence of GFP and all the targetting and 
physiological functions of the host pro- 
tein*^\ Both carboxy and amino termini 
of GFP have been fused to a variety of 
proteins preserving both the fluorescence 
of GFP and physiological functions of 
proteins. Therefore, GFP can be used as 
a protein tag*®. Different coloured GFP 
mutants with overlapping absorption spec¬ 
tra may be employed to study protein- 
protein interactions using fluorescence- 
resonance-energy-transfer (FRET) ’ 

However, wild type GFP has several 
properties that need optimization like low 
brightness, a significant delay between 
protein synthesis and fluorophore deve¬ 
lopment and complex photoisomerization. 
Improvement in GFP fluorescence signals 
has been achieved either by synthesizing 
GFP gene with optimized codon usage** 
or oligonucleotide-mediated site-directed 
mutagenesis*- or DNA shuffling'^ Ran¬ 
dom and directed point mutations in which 
single amino acid substitution of the chro¬ 
mophore site and other regions of protein 
have produced improved GFP isoforms. 
One form emits blue instead of green 
light (by substituting histidine or trypto¬ 
phan for tyrosine at position 66 in the 
chromophore). A red-shifted variant is 
obtained by replacing serine at 65 threo¬ 
nine, cysteine, leucine, valine or alanine 
and another isoform significantly brighter 
than the wild-type by exchanging amino 
acid serine 65 to cysteine and threonine 
and phenylalanine 64 to leucine. DNA 
shuffling, a PCR-based in vitro recombi¬ 
nation technique that combines useful mu¬ 
tations from individual genes, has been 
used widely to improve GFP in terms of 
brightness, codon usage, folding, pro¬ 
teolytic stability and location. Improved 
versions of GFP show 42-fold increase 
in brightness and fluorescence, single ex¬ 
citation and emission peaks^'^**^. Intensity- 
based on-line sensors have also been 
developed to quantify gene expression in 

‘ 14 

vivo . 

As far as we are aware, GFP has been 
successfully expressed at least once in 
every species that it has been tried in. 
A cDNA for Aequorea victoria green 
fluorescent protein produced fluorescent 
product when expressed in prokaryote 
Escherichia coli as well as a eukaryote 
Caenorhabditis elegans, was first dem¬ 
onstrated by Chalfie et In E. coli, 
the cDNA expressed under the control 
of T7 promoter and green fluorescence 
was observed on illumination with long 


Table 1. Various reporter genes commonly used for transformation studies 


Reporter gene 

Substrate 

Mode of assay 

Limitations 

/3-glucuronidase 

igus) 

X-gluc 

Detection of 
fluorescent blue 
product, histo- 
chemical assay 

Lethal to tissues, high 
cost of substrate 

Luciferase (luc) 

Luciferrin 

Detection of bio¬ 
luminescence 

High cost of substrate 
and equipment, very 
low sensitivity 

Anthocyanins 


Visible reporter 
(pigmentation) 

Low sensitivity, poor 
quantitation, adverse 
effect on plant 
metabolism 

Chloroam- 
phenlcol trans¬ 
ferase (cat) 

Chioroam- 

phenicol 

acetyl-CoA 

Quantified by 
acetylation of 
chioroamphenicol by 
densitometry/scintill¬ 
ation counting 

Cumbersome assay 
technique, back¬ 
ground problems In 
plant tissues 
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Aequorea victoria 


Table 2. Advantages of GFP 


Aequorin 


/OOH 

\ 

Coelentrazine 


in vitro green 
(Amax-509 nm) 


Ca^'' 

Caa-Aequorin-Coelentrazine 

11- Ca^-Aequorin-Coelentrazine 


Jn vitro blue light 


Figure 1. Bioluminescent pathway In Aequorea. The photoprotein responds directly to 
Ca^-^ by oxidizing the bound coelentrazine. The energy thus released stimulates green 
fluorescent protein to emit green light in vivo. 


wave UV source. The cells grew well m 

the presence of inducer 
did not appear to have a toxic eitect on 
cells. Transformation of the nematode 
Caenorhabditis elegans also resulted in 
the production of fluorescent GFP. GFP 
was expressed in a small num er of 
neurons under the control ol a promoter 

for the mcc-7-gene. v ppp • 

There are two major uses ol GFP m 
plants: monitoring gene expression and 
protein localization, and providing an 
easily scored genetic mariner in^ living 
plants'^ To employ GFP successfully in 
plants, three major steps need to be taken: 
(a) GFP apoprotein must be produced in 
suitable amounts in plant cells, (b) the 
apoprotein must undergo efficient 
post-translational cyclizatiou and 
tion to produce the mature GFP, (c) the 
fluorescent protein may need to be suit¬ 
ably targeted within the cell, to allow 
efficient post-translational processing, safe 
accumulation to high levels or^to lacilitate 
detection of expressing cells . 

GFP permits direct selection of live 
transformed cells and allows them to be 
regenerated into transgenic plants, ft has 
been used as a marker in a variety ol 
plant cells and protoplasts derived from 
Arabidopsis^'^, Citrus sinensis^^i hUcotiana 
tabacum}'\ Zea mays^''^ and onion epider¬ 
mal cells'^ This new reporter gene can 
be used to monitor in vivo gene expres¬ 
sion, signal transduction, co-transfection, 
protein-protein interactions, cel| separa¬ 
tion, purification and cell lineage in higher 
plants; something now impossible with 
current reporter genes that require mem¬ 
brane impermeable substrates or cumber¬ 
some equipment. 


GFP is suitable as a reporter gene for 
studying inducible gene expression in Jiv¬ 
ing cells. Various inducible promoters 
like heat-shock^^ light-inducible^^ ABA- 
regulated'”^ and drought-inducible'‘ pro¬ 
moters have been fused to GFP, The 
modified GFP will also be an invaluable 
reporter lor monitoring plant responses 
to other environmental stimuli such as 
pathogens, wounding, touch, stresses as 
well as internal physiological metabolic 
and developmental activities in living cells 
and plants. 

Ultrastructure and cytoplasm dynamics 
can be studied in whole mounts of plant 
cells illluminated by GFP using laser 
scanning microscope'^ GFP has also been 
used to study various stages of patho¬ 
genesis during viral infection. For exam¬ 
ple, the movement of potato virus X 
(PVX) was monitored by replacing the 
coat protein genes by GFP'^. Fusion of 
GFP to viral movement proteins deter¬ 
mines the spread of virus‘'''“'. GFP offers 
an excellent tracking system to monitor 
the spread of fitness-enhancing genes 
from transgenic crop plants to their wild 
relatives in the environment™^. Jn this 
way, it will be of great help in protecting 
our natural ecosystems and sustainability 
of agriculture. 

In higher animals also, GFP offers a 
wide range of applications. GFP has been 
successfully transfected into mouse 
embryos to generate transgenic green 
mice, without any toxic side effects^^'"^. 
Microinjection of GFP mRNA into 
blastocysts of mice enables to track the 
late of cell lineage in the developing 
mouse embryo^^ Injection of GFP- 
labelled tumour-forming cells into nude 


• Gene expression independent of cell 
type and location 

• Detection simple and easy 

• No exogenous substrate or sophisticated 
equipment required 

• Small molecular size 

• No adverse effect on cell metabolism 

• Colour of light may be changed 


Table 3. Applications of GFP cDNA 

• Identification of transformed cells 

• Measure gene expression in vivo 

• Label and locate fusion proteins 

• Study Intracellular traffic 

• Label unicellular organisms 

• Label specific cell in multicellular 
organisms 

• Elucidating ultra structure of cells 

• Unravelling different events during 
developmental stages and fate of 
cell lineages 

• Tracking the spread of transgenes 
in the environment 

• Study stages of pathogenesis 


mice allowed the real time visualization 
of metastasis of tumours-7 GFP under 
control of HIV-1 long terminal repeat 
when activated for transcription HIV-GFP 
reporter allows monitoring of viral litres 
and provides a system to screen anti¬ 
retroviral drug susceptibility-'^’^‘^ A further 
application of GFP is in the identillcation 
ol compounds that affect a particular 
enzyme activity of interest, for example 
GFP-based enzyme activity based assay 
for calcium-binding to calmodulin-''^ 

In conclusion, GFP is a sensitive and 
versatile tool of immense value in all 
areas of biological research (lable 3). 
This novel gene can be used for eluci¬ 
dating the mechanisms of gene regulation, 
signal transduction, cell biology, develop¬ 
ment and pathology in both plants and 
animals. 
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SCIENTIFIC CORRESPONDENCE 

A tektite fragment discovered in the Central Indian Basin 


On the basis of various lines of evi¬ 
denced’^, tektites are now considered as 
glassy objects generated by meteorite 
impacts, distributed in four known strewn 
fields of which, the Australasian tektite 
strewn field is the youngest (0.77 Ma) 
and the largest encompassing 1/10 of the 
Earth’s surface*^. Tektites of this strewn 
field exhibit morphological differences in 
different geographic domains, such as the 
blocky, layered Muong Nongtype tektites 
in the Indo-China region in the north, 
splash form types in the centre and the 
aerodynamically ablated forms in Austra¬ 
lia in the south'^. Although microtektites, 
which are microscopic counterparts of 
tektites (< 1 mm) have been found in over 
40 sites in the oceans**', its occurrences 
are known only on land but for rare 
exceptions^’’’. We report here the finding 
of a tektite fragment from the surface 
sediments of the Central Indian Basin 
(CIB). 

After the discovery of the australite 
button in the ocean floor of the CIB’, 
we embarked upon a massive search of 


the samples collected for the Indian 
Polymetallic Nodule Programme during 
the last decade. We searched samples 
from 9507 operations of free fall grabs, 
located between 1° and 21°S and 70° to 
88°E in the CIB. This tektite was dis¬ 
covered in a grab sample from station 
74 A of the second cruise of MV Skandi 
Surveyor (23 Sept.-6 Nov. 1982) at the 
location 17°00'S; 78°001'E (depth 

4990 m) (Figure 1). Along with the tek¬ 
tite, ~ 250 g of small (< 2 cm average 
size) manganese nodules have been 
recovered, and since the grab sampler 
(sampler penetration 15 cm) has a net of 
6 mm mesh, the associated sediment has 
been filtered away during the ascent of 
the grab to the sea surface, effectively 
no sediment from this location was 
recovered. 

A ~ 4 mm piece of the tektite was 
broken off, mounted in epoxy, polished 
and electron microprobe analysis was 
carried out with a Cameca CAMEBAX 
model 571 electron probe microanalyser 
for seven spots (Table 1) using silicate 


and oxide standards. ZAF corrections 
were made with an online computer using 
the method of Bence and Albee^. A syn¬ 
thetic tektite standard (USNM 2213) made 
by Coming Glass Company and analysed 
by the USGS which was kindly provided 
by the Smithsonian Institution (Washing¬ 
ton), was also analysed to check the 
accuracy of analysis. Scanning electron 
microscopy was done with a JEOL JSM- 
T330A electron microscope. 

This tektite fragment measures 
14.5 X 7.5 mm, and weighs 0.44 g. It 
appears to be a part of a large tektite 
which fragmented while it was hot, 
possibly upon contact with the cool sea 
surface. It has a ‘ledge’ around it having 
sharp edges, outlining the border from 
which it was fragmented from the original 
tektite (Figure 2 a). The smooth exterior 
has a convex shape and represents the 
original tektite surface (Figure 2 b). The 
interior of the tekitite is uneven, has 
conchoidal fracturing and the overhanging 
ledge shows flow lines at the equatorial 
region which could be schlieren exposed 
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Figure 1. The Ausiralasian teklile strewn field (ref. 2). Star denotes the location ol' the present 
tektite. The dotted lines denote the boundaries of the strewn field, squares show tektite 
occurrences in the ocean and filled circles, microtektite occurrences. The crosses show tektite 
locations on land, The crescent indicates the geographic boundaries of HMg tektites on land 
(ref. 13). 


Table 1. Chemical composition of the tektite 



Present study' 

CIB button- 

HMg-tektites^ 

SiO,2 

67.0 

68.7 

64.8-77.0 

AlA 

15.9 

13.3 

10.7-13.3 

FeO 

5.8 

6.33 

3.85-8.6 

MgO 

3.5 

3.82 

1.83-7.95 

CaO 

2.6 

3.74 

1.79-2.56 

Kfi 

2.5 

2.00 

1.34-2.56 

Na,0 

1.1 

0.92 

0.62-1.38 

TiO, 

0.8 

0.63 

0.66-0.77 

Sp. Gr. 

2.508 

2.508 

2.381-2.591 

R.I. 

1.528 

1.528 

L501-1.544 


'Average for seven spots; ^Froin Glass et alr\ ^Range of HMg tektite 
composition from Chapman and Scheiber'I 


by etching (Figure 3a,b). A pointed 
beak-like projection protrudes from the 
interior side (Figure 3 c). Seafloor etching 
is observed in the form of grooves and 
canals in the tektite interior having a 
width up to -lOOfim (Figure 3d). A 
few pits are observed on the exterior 
surface, the largest of which, a bubble 
pit, measures 50 jim (Figure 3e). 

Studies on solution of Australasian 
microtektites show 0.4-28 fim etching, but 
most of the solution is less than 5 |dm 
(ref. 9), because in deepsea conditions 
the Mg in sea water forms a protective 
microlayer retarding etching process 
Whereas on land, tektites show signi¬ 


ficantly high amounts of solution etching 
ranging from 100 to 2500 flm (ref. 11). 
Therefore, the 100 |Lim wide grooves on 
the interior of the tektite, which represent 
50 )j.m of solution etching, indicate more 
solution than those observed on micro¬ 
tektites in the same region. Glass’'^ ob¬ 
servations on microtektites of all strewn 
fields revealed that etching takes place 
mostly when the microtektite is retained 
at the sediment-water interface, and the 
etching action ceases once the microtektite 
is buried in the sediment column. Since 
this tektite was found in the surface 
sediments, it has therefore been exposed 
to etchants for practically throughout its 




Figure 2. a, Photomicrograph of the tektite 
as viewed from the ‘posterior’ or the tektite 
interior. The ledge around the fragmented sur¬ 
face is visible at the edges where this fragment 
had broken off. Tektite size: 14.5x7.5 mm; 
b, The outer, mirrorsmooth surface of the 
tektite. 


residence time, i.e. for 0.77 my, and has 
been exposed to etchants for much longer 
periods than microtektites. This could be 
the reason for greater amount of etching 
seen here. However, the CIB button has 
a 32 |Lim groove on its anterior outlining 
the flange^ which represents 16 pm of 
solution etching. Although the CIB button 
and the tektite in this study were dis¬ 
covered under identical conditions, the 
difference in solution etching between 
these two tektites is strange. 

The high RI (1.528), sp. gr. (2.505) 
and the chemistry of this tektite (Table 
1) correspond to the high-Mg (HMg) 
group of tektites*-. The RI and the sp. 
gr, of the CIB button and of this tektite 
are identical and the Si 02 contents are 
similar, however, there are differences in 
the other major elements (Table 1). 
Interestingly, both the tektites found in 
the Indian Ocean belong to the HMg 
group. Tektite groups as defined by 
Chapman and Scheiber'- have constant 
compositions reflected by their physical 
properties. They are distributed in ray-like 
patterns of which the HMg group forms 
a crescent arcing from West Central 
Australia northwest across Indonesia then 
northeast over the South China Sea 
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Figure 3. a, SEM picture from the interior showing the edge and flow lines; b, A magnified 
view of the flow lines shown above; c» An edge of the tektite as viewed from the interior, a 
pointed beak is seen here. Etching grooves can be seen at the top of the photograph; d, 
Magnified picture of grooves and canals generated by oceanfloor etching on one side of the 
tektite; e, An exposed bubble cavity on the outer surface of the tektite. The material inside 
appears to be deep-sea clay. 


(Figure I), and are characterised by sp. 
gr. >2.47; Mg >3.4%; Ni >210 ppm 
and Cr > 210 ppm (ref. 13). Mason*"^ also 
observed the HMg group of tektites to 
be confined within well defined 
geographic limits in Australia. 

The present finding in the CIB could 
mean either it has been transported from 
the Australian region or from further 
north where splash form tektites of HMg 
compositions have been found or it 
belongs to the site where it was recovered 
from. Bottom water transport from these 
land masses to the CIB can be ruled out, 
because the tektite is well preserved (the 
outer surface is mirrorsmooth, and the 
equatorial region has shaip edges) and 
does not bear any abrasion marks indica¬ 
tive of long distance transport of over 


4000 km from these regions to the present 
site. Further, the bottom water currents 
near west Australia, Sumatra and Java 
do not travel diagonally across into the 
CIB, but they proceed northwards into 
the Wharton Basin and enter the Indian 
Ocean from the saddles in the Ninety 
East Ridge at 10°S (ref. 15), which is a 
few thousand km from the location of 
this tektite, therefore eliminating the 
possibility of transport of this centimeter¬ 
sized tektite. 

Bottlegreen (HMg) microtektites have 
been reported from the Indian Ocean 
which have similar chemical compositions 
to those of the HMg group of tektites*^. 
However, in an ejecta plume the atmos¬ 
phere winnows out the finer fraction of 
debris from the ejecta, which may remain 


suspended for long periods of time, 
thereby posing a problem for ordinary 
atmospheric dispersal mechanisms for the 
microtektites^^. The HMg tektites on the 
other hand, have a definite raylike dis¬ 
tribution on land. The discovery of the 
flanged button in the CIB (a HMg tektite) 
was suggested to signify the existence of 
another ray of tektite distribution’^. Chap¬ 
man suggested that streaks of constant 
composition are ejected in rays subsequent 
to an impact, the present finding therefore 
confirms a HMg component to the ray 
of Australasian tektites in the Indian 
Ocean. 

Further, this tektite has also been found 
in the surface sediments and given the 
0.77 Ma age of the Australasian tektite 
strewn field*^ and the sedimentation rates 
of 2-3 mts/my in this locationit should 
have been buried under a load of -'2 m 
of sediments. However, the associated 
manganese nodules are small, spherical 
and have uniform surface textures which 
indicate strong local bottom water 
currents^”, which could have removed 
sediments younger than 0.77 Ma. Alter¬ 
natively, the ocean floor of the CIB is 
strewn with millions of tons of manganese 
nodules having similar physical pro¬ 
perties: generally spherical shapes, a wet 
density of ~ 2.40 and nodules in the size 
range 1-2 cm are not rare; they are 
retained at the ocean floor for several 
million years by a mechanism which is 
still not perfectly understood, although 
many plausible explanations have been 
proposed”*. It, therefore, appears that 
a similar mechanism(s) has been respon¬ 
sible for the near-surface retention of 
this tektite. Including the tektite in this 
study, so far only two tektites have been 
found in the Indian Ocean and both of 
them have not been buried under a load 
of sediments younger than 0.77 Ma as is 
expected but were resting on the ocean 
floor. Whereas, in the >40 Australasian 
microtektite sites in the oceans, the mi- 
crotektite layer has been found buried at 
0.7-11 m (ref. 23) beneath the deep sea 
floor. At one site, however, the micro¬ 
tektite layer has been found at core depths 
13-16 cm. However this location was on 
the flank of a seamount and the near 
surface occurrence of the microtektite 
peak abundance was suggested to be either 
due to sediment slumping or removal of 
younger sediment to enhanced bottom 
current activity in the location”*^. The 
possibility thus emerges that in the oceans. 
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there are two layers of Australasian impact 
ejecta at two different stratigraphic levels 
although they belong to the same impact 
event: the larger tektites are retained at 
the surface due to the mechanisms similar 
to those responsible for the ocean floor 
retention of manganese nodules, and the 
smaller microtektites sink to the appro¬ 
priate stratigraphic levels beneath the sea 
floor corresponding to the 0.77 Ma age 
of the event. This, however, needs to be 
confirmed by the finding of microtektites 
at deeper levels in the sediment column 
in a sediment core from this location. 
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Breeding and improved hatchery technology for the giant 
freshwater prawn, Macrobrachium rosenbergii in Karnataka 


The giant freshwater prawn, Macro- 
hrachium rosenbergii is popularly known 
as scampy. The species has been widely 
cultured in Asian countries such as 
Thailand, Taiwan, Malaysia, Indonasia, 
Bangladesh and India. It is also farmed 
in USA, particularly in South Carolina 
and Hawaii provinces. The first break¬ 
through was achieved by S. W. Ling' in 
successful breeding and larval rearing of 
the giant prawn, M. rosenbergii in con¬ 
trolled condition. Later mass production 
of larvae using greenwater system was 


developed by Fugimura and coworkers 
in Hawaii^. The prawn spends its entire 
life in freshwater rivers and tanks but 
migrates to brackishwater estuaries for 
breeding because the larvae do not survive 
in Ixeshwater. The berried female prawn 
reaches estuaries before the eggs hatch 
out. This,^mystery was known only after 
the pioneering work of Ling. 

The giant freshwater prawn is popularly 
cultured because of the beneficial factors 
like its fast growth compared to other 
freshwater prawn species, its hardy nature 


in withstanding adverse environmental 
conditions, its low protein requirement 
compared to penaeid shrimps, resistance 
to diseases, its consumer preference and 
demand in the export market. Further, it 
is a compatible species for polyculture 
with carps. Although it is commercially 
cultured in several Asian countries, its 
culture in India is unorganized. The seed 
required for culture is largely met from 
wild collection, although few hatcheries 
exist in the states of Andhra Pradesh, 
Kerala and Tamil Nadu. 
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However, there is no hatchery esta¬ 
blished so far for seed production in 
Karnataka. In view of the unavailability 
of seed, prawn farming in Karnataka has 
not picked up. The objectives of the 
present study were to breed the freshwater 
prawn, M. rosenbergii in the agro-cliniatic 
conditions of coastal Karnataka, to design 
a suitable hatchery with airlift recircu- 
latory system for larval rearing. 

Post-larvae of M. rosenbergii were pro¬ 
cured from a private hatchery in Trichur, 
Kerala. They were cultured for seven 
months in 25 m“ cement cisterns to raise 
brood stock. A formulated feed (35% 
protein) containing Nutripro-Aqua as a 
growth promoter was used. After seven 
months of rearing, the adult prawns were 
harvested and stocked in brood stock 
ponds in the ratio of 4: 1 female and 
male. 

Three cylindro conical fibreglass tanks 
each with a capacity of 1501 were fab¬ 
ricated locally (Figure 1). The circular 
tank had bottom sloping towards centre 
and looked like a liinneL It was fitted 
with a drain pipe at the bottom, with a 
control valve. The tank has three fibre- 
glass legs to stand errect on the floor 
(Figure 2). The tank was thoroughly 
washed and filled with mixed seawater 
and freshwater having salinity of 12ppt. 
Continuous aeration was provided by 
using an air blower. 

Main tain ance of water quality is the 
prime concern in the Ireshwater prawn 
hatchery operation. In order to maintain 
the water quality and reuse the water, an 
airlift recirculatory system connected to 
a biological filter was designed and fab¬ 
ricated. Three cylindroconical small 
fibreglass tanks each with a capacity of 
50 1 were fabricated locally. These tanks 
were used as biological filters. Each small 
(50 1) tank was connected to one of the 
three large (1501) hatchery tanks. Biofilter 
tanks were filled with graded layers of 
sand, pebbles and dry oyster shells as 
substrate media for the growth of nitri¬ 
fication bacteria. The biofilter tank was 
connected to hatchery tank by means of 
an airlift pump and back How was 
by siphoning action from hatchery 
tank to biofilter for water recirculation 
(Figure 3). 

The berried females carrying grey 
coloured eggs were seggregated from 
broodstock ponds and transferred to labo¬ 
ratory broodstock tanks. The salinity in 
this tank was maintained at 8 ppt. The 


spent female prawn was removed from 
hatchery immediately after hatching. The 
larvae were fed on Artemia nauplii daily 
once and unused Artemia nauplii were 
removed once in two days. Artemia cysts 
were hatched in separate Artemia hatching 
tanks, each with a maximum capacity of 
50 1. Daily about 2 g of Artemia cysts 
was kept in 5 1 of water for hatching. 
The hatching was completed in 24 h in 
12 ppt saline water. Continuous aeration 
and light was supplied to the Artemia 
hatching tank. 

Mating was achieved between hard 
shelled blue clawed male and newly 
moulted, soft female prawn in cement 
cisterns. The fertilized eggs were carried 
by the female underneath in the brood 
pouch for 20 days. After day 12 of 
mating, eggs changed colour from 
bright orange to brown, during which 
time healthy and active females were 


seggregated and transferred to brood stock¬ 
holding tank having 8 ppt saline water. 
When the eggs were slate grey or black 
in colour the berried prawn was trans¬ 
ferred from broodstock-holding tank to 
hatchery tank having 12 ppt water. The 
larvae were hatched usually the next day. 
Active and healthy 6000 larvae were 
maintained in the hatchery tank. They 
were not fed on the first day of hatching 
as they depended on yolk reserves. From 
the second day onwards they were fed 
with freshly hatched Artemia nauplii. 
Artemia nauplii was given as the sole 
food daily once @ 20 per larvae up to 
V stage. Artemia nauplii is the best live 
feed for prawn larvae, since it does not 
possess any anatomic defence mechanism 
so that it forms an easy prey for larvae. 
Further, it is rich in polyunsaturated fatty 
acids and protein content^. 

From V stage onwards, egg custard 



Figure 1. Hatchery tanks connected to biolilter tanks with airlift recirculatory system (top 
view). 



Figure 2. Cylindro conical fibre glass hatchery and biofilter tanks (side view). 
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Figure 3. Diagrammatic sketch of airlilt rccirculatory system between hatchery tank and 
biofilter. 1, Water level; 2, Hatchery tank; 3, Filter bag; 4, Legs for the tank; 5, Control valve; 
6, Airline; 7, Biofilter tank; 8, Airlift flow; 9, Graded layers of shells, granite, chips, gravel 
and sand; 10, Water flowback by siphon. 


diet was formulated (using chicken eggs, 
shrimp meat, milk powder, vitamin and 
mineral mix; cooked and frozen) and 
given daily twice (after passing through 
standard set of sieves measuring 200, 400 
600 and 800 micron size) and Anemia 
nauplii was continued once daily. Larvae 
passed eleven substages and metamorpho¬ 
sis to post larvae (PL) started from day 
30 onwards. 95% of the larvae developed 
into PL on day 35. Total number of PL 
separated was 3100, giving a survival 
rate of 51.67%. Cost of production was 
worked out to Rs210 per thousand PL, 
The cost involved was accounted mainly 
for Anemia cysts, formulated diet and 
labour charges. 

Water quality and feeding are very 
important in the larval rearing of M. 
rosenbergit. In the stagnant or replace¬ 
ment systems, ammonia (NH 3 ) and nitrite 
(NO 2 ) often create problems, when their 
levels exceeded 0,1 mg /1 and lead to poor 
survival of larvae*^. The designed and 
fabricated airlift rccirculatory system was 
found suitable for the larval rearing. Water 
was exchanged frequently between bio¬ 
logical filter and larval rearing tank 


(1 1/min). Nitrosomonas and Nitrobactor 
bacteria developed within three days on 
substrate material in the biofilter tank. 
The toxic ammonia was reduced to nitrite 
by Nitrosomonas and then to nitrate (non 
toxic) by Nitrobacter in the biological 
filter^\ The average values of ammonia 
and nitrite recorded were 0.005 and 
0.01 mg/l respectively. The recorded 
levels of ammonia and nitrite were ten 
times less than the level recorded in 
stagnant system. The other water-quality 
parameters recorded were temperature 
29.0-30.5"C, pH 7.9-8.5, dissolved 
oxygen 7-7.5 mg/l and carbon dioxide 
0-0.4 mg/I. 

The designed and fabricated cylindro- 
conical fibre glass tank was found ideal 
for the prawn hatchery (Figure 2). A 
synchronized metamorphosis of larvae to 
PL and good survival (51.6%) was 
achieved in the system. The possible 
reasons for successful larval rearing are 
attributed to shape of the tank and 
recirculation through biofilter. This was 
a circular tank with centrally sloping 
bottom and control value for draining 
purpose. There were no dead spaces for 


larval settling. When aeration was given 
at the centre, water was lifted like an 
upwelling and continuous circulation from 
bottom to top was maintained and larvae 
were well dispersed. In the flat-bottom 
tanks, larvae settle at corners and lead 
to mortality. This problem was solved 
with the self-designed and fabricated suit¬ 
able hatchery tanks. Breeding and suc¬ 
cessful larval rearing of freshwater prawn, 
M, rosenbergii in the agroclimatic regions 
of coastal Karnataka for the first time is 
an achievement in seed production in 
view of farming potential of the species 
in the region. The seed would be available 
to needy farmers within the vicinity. The 
self-designed and fabricated airlift 
rccirculatory system and special type of 
hatchery tanks were found ideal for larval 
rearing of the M. rosenbergii. 
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Biochemical effects of a newly synthesized cyclohexyloxy compound 
JHA on the lipids of fourth-instar larvae of Culex pipiens 
quinquefasciatus Say 


Synthetic juvenile hormone analogues 
(JHAs) behave like endogenous juvenile 
hormone (JH) of insects and thus are 
insect-growth regulators. The newly 
synthesized compound l-(3'mcthyl-6'- 
isopropyl-cyclohexyl-oxy-3,7-dimethyl-2 
(E)),6-octadiene has been found to be a 
JHA'. Shortly before eedysis, wax (con¬ 
sisting of long chain of hydrocarbons and 
the esters of fatty acids and alcohols) is 
secreted on the surface of the new cuticle 
and the layer adjacent to the cuticu- 
lin - the oriented monolayer". The impor¬ 
tance of lipids in insects has been 
reviewed'\ Obvious success of insects on 
the planet has been their ability to utilizx 
lipids efficiently as substrate for repro¬ 
duction, embryogenesis, metamorphosis 
and flight"*. This study was undertaken 
to know the effect of synthetic test JHA 
on the lipids of treated fourth-ins tar larvae 


of Culex along with control. Thin layer 
chromatography (TLC) and biochemical 
studies on lipids revealed that the JHA 
causes decrease in different lipids. These 
changes seem to be responsible for for¬ 
mation of intermoults and mortality of 
developing stages. 

Fourth-instar larvae were selected 
because this is the transition stage between 
larvae and pupae of mosquitoes. It has 
a critical period when the eedysiotropin 
secreted by neurosecretory cells is very 
low and this period is the most suitable 
one for synthetic JHA treatment for insect 
control^. Lipids are important constituents 
of the fat body cells in insects"'^. These 
cells contribute lipids to the new cuticle 
during metamorphosis through oeno- 
cytes^. Keeping in view the importance 
of lipids in metamorphosis in mosquitoes, 
the present study was undertaken to know 


the mode of action of test compound in 
metamorphosis. 

Fourth-instar larvae of pure colony of 
Culex pipiens quinquefasciatus were 
reared in 1 ppm, 2 ppm and 3 ppm aquatic 
solutions of JHA having molecular 
formula C 2 f)H 3 gO along with controls. 
Total lipids, phospholipids and cholesterol 
were estimated following the method of 
Folch et alf*, and lipid fractions were 
separated using the TLC technique. 
Developed spots were estimated following 
the methods of Mangold^, Zlatkis et at?", 
Lowry and Tinsley^ Sidney and 
Bernard"*. 

Biochemically estimated values of lipids 
(total lipids, phospholipids and choles¬ 
terol) are given in Table 1. A percentage 
decrease in total lipids, phospholipids and 
cholesterol was observed after 1 ppm, 2 
ppm, 3 ppm doses compared to their con- 


Tablc 1. Quantitative changes in lipids in the fourth-instar larvae of Culex treated with JHA 


vS. no. 

Dose 

Total lipids 

Phospholipids 

Cholesterol 

I. 

N (0 ppm) 

51.68 ±0.280 

13.698 ± 1.166 

3.231 ±,0.727 

2. 

Cl (1 ppm) 

51.12 ±0.740 

12.016 ±0.5999 

2.764 ± 1.871 

3. 

TI (1 ppm) 

50.88 ±3.458**=" 

10,376 ± 1.028 

2.528 ± 1.650 

% Change 


- 0.47% 

- 13.65% 

- 8.54% 

4. 

C2 (2 ppm) 

50.09 ± 1.089 

11.529 + 0.734 

2.530 ±0.148 

5. 

T2 (2 ppm) 

49.44 ±3.315 

08.710 ± 1.205*** 

2.255 ±0.148* 

% Change 


- 12.98% 

- 24.45% 

- 10.87% 

6. 

C3 (3 ppm) 

49.95 ± 2.645 

11.346 + 0.754 

2.203+ 1.102 

7. 

T3 (3 ppm) 

38.96 ±0.841*** 

04.501 ±0.491*** 

1.194+ 1.136** 

% Change 


-22% 

- 60.33% 

- 45.0%* 


< 0.05. All values (mg/g) are expre.ssed as mean ± SD of six replicates, 
< 0.01 
0 . 001 . 

N = normal water, C = Acetone in water, T = JHA in acetonic water. 




I, 

■;r' 


Table 2. Quantitative changes in TLC fractions of phospholipids in fourth-instar larvae with JHA 


Phospholipids 


Tri¬ 

glycerides 

Phosphatidyl 

serine 

Phosphatidyl 

inositol 

Lyso- 

phosphatidyl 

choline 

Sphingo¬ 

myelin 

Phosphatidyl 

choline 

Phosphatidyl 

ethanolamine 

Free 

fatty 

acids 

Cholesterol 

Cholesterol 

ester 


2.235 

3.3 

1.9 

2.123 

2.3 

3.3 

3.5 

3.23 

1.117 


1.647 

1.9 

1.4 

1.169 

1.82 

3.0 

3.26 

2.456 

1.03 


1.294 

1.5 

i.l 

1.63 

0.981 

2.2 

2.82 

2.212 

0.867 


0.941 

1.1 

0.983 

1.199 

0.732 

2.0 

2.72 

1.166 

0.829 


All values are in mg/g. 
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SCIENTIFIC CORRESPONDENCE 


trols. Increased dose caused increased 
decrease in lipids. Quantitative estimation 
of TLC spots of individual lipid classes 
is given in Table 2, These values showed 
a decrease in phospholipids (phosphatidyl 
serine, phosphatidyl inositol, lysophospha- 
tidyl chohne, sphingomyelin, phospha¬ 
tidyl, ethanolamine), cholesterol and its 
ester, triglycerides and free fatty acids 
after 1 ppm, 2 ppm and 3 ppm compared 
to their control. 

The iat body is the important site for 
the storage and biosynthesis of lipids’*"* 
and contributes lipids to the different 
layers of new cuticle of insects during 
metamorphosis through oenocytes^. It 
seems that JHA interferes in biosynthesis 
of lipids by the fat body and thus the 
formation of new cuticle is impaired as 
reported by Mittal et al\ Decrease of 
cholesterol ester and cholesterol seems to 
be responsible for decreased ecdysone 
biosynthesis which causes incomplete 
moulting as observed after treatment with 


test compound^. As the phosphatides are 
present in different tissues in insects, free 
fatty acids are required for the growth 
of larvae, and triglycerides are major 
reserve food lipids in developing stages 
of insects^’"*; their decrease seems to be 
responsible for mortality of developing 
stages, incomplete metamorphosis and 
formation of intermoults observed after 
treatment*. 
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TECHNICAL NOTE 


Design of a simple and compact scanning 
tunneling microscope 


V. Lakshminarayanan 

Raman Research Institule, Bangalore 560 080, India 


A simple and compact scanning tunneling microscope 
(STM) for operation in air is described. The design of 
the STM unit is based on the inertial sliding systems 
described in the literature, with some modifications to 
improve the stability of the scan unit. The STM is built 
of two concentric piezo electric tubes, the inner one 
for scanning the tip and the outer one for moving the 
sample holder towards or away from the tip. The 
vibration isolation system, mechanical construction of 
the scan unit, probe tip preparation, analogue and 
computer control electronics have all been described 
in this article. An analogue feedback system has been 
used for the constant current imaging. Images of highly 
oriented pyrolytic graphite have been obtained in air 
both on constant current and constant height modes 
of operation. The atomic resolution images obtained 
show the hexagonal lattice of graphite clearly. 


Scanning tunneling microscopy (STM) invented by Gerd 
Binnig and Heinrich Roehrer' and their associates at 
the IBM Research Laboratory in Zurich in the early 
eighties has heralded a new era in the surface science. 
Unlike other microscopies like SEM, TEM, STEM and 
electron diffraction techniques which need ultra high 
vacuum, STM can function in a variety of environments 
like air, electrolytic media, high pressure systems in 
addition to UHV over a range of temperatures. These 
features make STM an ideal choice for surface science 
studies. The solid-liquid interface, so vital to studies 
as diverse as electrochemistry, biology and analytical 
chemistry is now accessible to atomic-scale analysis, 
and we can foresee developments as path-breaking as 
those that ultrahigh vacuum technology brought to vac¬ 
uum surface science. 

The basic principle of STM involves positioning of 
a chemically inert fine metal tip (W, Pt, Pt-Rh/Ir and 
Au) within a few angstroms of the sample surface so 
that the electron wave function of the tip and the sample' 
overlap. Application of a low bias voltage between the 
tip and the sample at this close range causes electrons 
to tunnel across the gap resulting in a current of typically 
nA and less. For a typical metal barrier height of 4 eV, 
there is a change of current of an order of magnitude 
for a change of gap separation by 0.1 nm. This extreme 
sensitivity of STM means that the features which are 
of atomic dimensions can be accurately imaged provided 
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the gap distance is accurately controlled. Actually the 
STM image corresponds to a contour map of local 
density of states (LDOS). Hence the image obtained 
from the data is topographic only as a first approximation 
so that we obtain the 3-D map of the surface atomic 
positions. More importantly, the image provides the 
surface electronic information (LDOS) and by varying 
the bias voltage at any fixed location of the tip, it is 
possible to get information on the spatially related barrier 
height which is related to the work function. This 
technique is known as scanning tunneling spectroscopy 
(STS)l In recent times, STM has also proved itself to 
be an indispensable tool for electrochemical studies'^. In 
the electrolytic systems, it is necessary to independently 
control the tip and sample potentials by means of a 
bipotentiostat and also minimize the faradaic current 
flow through the tip by proper insulation, except at the 
very end, so that the tunneling current is the dominating 
component. 

We describe in this article a simple and inexpensive 
design of a scanning tunneling microscope based on an 
inertial sliding coarse approach mechanism^ that we have 
built and are using. We are currently engaged in the 
process of converting this into an in situ STM for 
electrochemical studies. 

Design 

The major factors in the design of an STM involve 
efficient vibration isolation, minimum thermal drift, 
proper feedback control, atomically sharp tunneling tips 
and coarse positioning. Vibration isolation is generally 
accomplished by increasing the resonance frequency of 
the scan unit-such as using tube piezo scanners-so 
that it is completely isolated from the externally or 
internally generated low frequency vibrations'\ The ther- ‘ 
mal drift is compensated by careful selection of materials 
and a symmetric design of the scan unit. Very 
sharp - ideally with a single or a few atoms at the 
tip - tunneling probes can be obtained from electrochemi- 
cally etched inert metal wires such as Pt-Rh or W. The 
essential requirements for the optimum feedback in the 
constant current mode of operation have been now fairly 
well understood after the much quoted work of Park 
and Quate^\ However, it is the long range one dimensional 
translation known as coarse positioning which has proved 
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to be a major challenge ever since the designs of 
home-made STMs started. This is because the piezo 
scanner usually has a total scan range of only a few 
micrometers and it is therefore necessary to use a 
mechanical means of coarse approach to bring the tip 
close to the sample without encountering a disastrous 
tip crash . As the piezo that is used in STM is normally 
quite small, it is the coarse approach module that decides 
the overall size of the STM. However, in order to 
minimize the ‘mechanical loop’, and increase the resonant 
frequency, it is essential to decrease the overall size. 
However, among the several designs that are based on 
stepper motor control’, inchworm control^ and inertial 
sliding mechanism^ it is the last one which we have 
chosen as it has been proved to be the least expensive 
and simple in design. In the inertial sliding arrangement 
the stage is placed in a position such that when a suitable 
waveform is applied, the stage moves relative to its starting 
position by a small increment. This is because the large 
acceleration provides enough inertial forces that exceed 
static friction during the falling portion of the saw tooth 
waveform, while during the slow rise of the waveform 
the stage essentially follows the piezo motion. 


the two halves of which are held in position by a pair 
of spring loaded stainless steel pins. The sample holder 
which is inserted into the glass tube, slides on the 
etched railings with two stainless steel pins glued to it 
on either side as shown in Figure 1 a. The spring tension 
should be such that the sample holder slides smoothly, if 
gently pushed manually, and at the same time should stay 
in position when no force is applied. We have, however, 
found from experience, that spring tension is not at all 
critical and at worst affects only the rate of motion. 

The inner piezo tube holds the tip wire coaxially. 
This is achieved by inserting the tip into a syringe tube 
which in turn is positioned at the centre of the bakelite 
frit that is glued to the inner piezo by super glue. The 
coarse positioning is achieved by applying a saw tooth 
voltage to the outer piezo tube whose inside metallized 
portion is grounded. This compresses the tube resulting 
in the glass tube containing the sample holder being 
brought closer to the tip. During the sudden release of 
the tube during the falling portion of the saw tooth 
waveform, the glass tube which is attached to the piezo 
quickly retracts, while the sample holder cannot due to 


Coarse positioning 

Among the several inertial sliding mechanisms reported 
in the literature, we have used the one based on that 
of Agrait^^^, but with several modifications to improve 
the stability of the scan unit. While we have used 
horizontal motion of the sample stage, our design of 
the scanner is based on two concentric piezo electric 
ceramic tubes having a common base made of cylindrical 
PVC block. The piezo tubes (PZT-5H, EBL Division, 
Stavely Sensors) have silver metallized coating both on 
the inside and the outside. The outer piezo is 25 mm 
long and 12.5 mm outer diameter while the inner one 
is of the same length, but of 9.375 mm diameter. The 
outer suiface of the smaller tube is sectioned into 
four metallized quadrants. From the analysis of 
Chen , the X and Y displacements are given by, 
= 2 d^^VL^/UDh, and Z displacement is given 
by, = d^^VL/h, where K^, are respective diplace¬ 

ments, ^ 3 , is the piezo coefficient, L, D and h are 
respectively the length, diameter and the thickness of 
the piezo tubes and V is the applied voltage. 

The Z response of outer piezo is 5.8 nm/V while that 
of the inner one is 8.6 nm/V. The inner piezo displace¬ 
ment in the X—Y direction is 20.8 nm/V. The maximum 
X-Y motion is 2.5 micron for an applied voltage of 
about 120 V. 

A glass tube of about 20 mm length and 12.5 mm dia 
is attached to the other end of the piezo using cyano 
acrylate ‘super glue’. The glass tube has two grooves 
etched along its entire length over which the sample 
stage moves. The sample stage is a split brass block, 
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1. Outer piezo 

2. Inner piezo 

3. Glass tube 

4. Tip 

5. Sampie 

6. SS pin 

7. Brass block 


8. Springs 

9. Syringe tube 

10. Bakelite frit 

11. Ground wire 

12. PVC holder 

13. Screws 

14. Piezo electrical 


connections 



Figure 1. Scan unit of the STM, a. Details of the parts; *, Photograph 
of the unit mounted on the vibration isolation stack. 
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inertia. This results in the sample holder being translated 
towards the tunneling probe by one step. By the appli¬ 
cation of a train of saw tooth pulses of about 120 V 
amplitude and fast scan rate, it is possible to attain 
speeds of the order of 1 mm/s both towards and away 
from the tip. But normally the sample holder is moved 
at a rate of 0.1 mm/min after visually positioning the 
sample holder at a distance of about 0.5 to 1 mm 
separation from the tip using a hand magnifier. Then 
by the application of a slow ramp the sample stage is 
translated in small increments until the tunneling current 
is detected. We have calibrated the movement of the 
sample stage, at different sweep rates, by laser inter¬ 
ferometry. Normally the movement of the sample is 
observed only above a threshold voltage of about 20 V. 
This is not a handicap though, as the rate of motion 
can be easily controlled by varying the sweep rate of 
the saw tooth waveform. Once the tunneling range is 
reached, the X-Y scan of the tip is started by the 
application of an asymmetric voltages of +X-Z and 
-X-Z on the two opposite sides of the metallized 
quadrant and + Y-Z and - Y-Z on the other two opposite 
quadrants of the piezo ceramic tube. The axially sym¬ 
metric design of the unit along with the piezo tubes of 
the same length attached to a common base, minimizes 
the thermal drift considerably. The electrical contacts to 
the sections of the piezo tube are provided by soldering 
with low melting indium solder. A photograph of the 
scan unit resting on the stack of brass plates is shown 
in Figure 1 h. 

Tip preparation 

The STM tips are prepared by electrochemcial etching. 
The Pt—Rh (13%) wire of 0.25 mm dia is ac etched in 
a solution containing 5% each of sodium chloride and 
sodium nitrate while the tungsten tips are prepared by 
etching in 5% potassium hydroxide. Owing to ‘necking 
effect', the lower portion of the tip immersed in the 
electrolyte drops, leaving a sharp tip. One can see a 
bright glow at the end of the tip wire as it detaches 
and drops resulting in the current cut off The tip is 
gently removed after switching off the ac source without 
causing any vibration to the electrolyte. The tip is 
then dipped in 5% hydrofluoric acid to remove any surface 
oxides, rinsed in water and dried before inserting into tip 
holder. The aspect ratio of the conical end can be controlled 
by the depth of immersion into the electrolyte. The tips 
thus prepared have excellent reproducibility. 

Vibrational isolation 

The rigidity of the scan unit is the most important 
factor in the vibration isolation of the system. Hence 
the scan unit (Figure 1 b) is mounted inside a nylon 
block with a hole and is secured by means of two 
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screws to a cylindrical PVC block. The entire assembly, 
screwed onto a thick brass plate, is mounted onto a 
stack of three more brass plates, each separated by a 
viton rubber 0-ring. The stacked plates rest on a wooden 
plank and the whole assembly is suspended using bungee 
chord to the ceiling of the building. The wooden plank 
rests gently on to an inflated car tube placed on a 
granite slab. The entire unit is kept on a rigid teak 
wood table. The stacked plates assembly with viton 
spacer is effective at frequencies above 50 Hz and the 
bungee chord suspension system damps low frequency 
vibrations^’. This vibrational isolation is extremely 
effective in spite of the fact that there is a road of a 
moderately busy traffic situated adjacent to the building 
that houses the STM. 

STM electronics 

The STM can be operated either in constant height or 
constant current mode of operation. In the former mode 
the tip is scanned over the sample in the same plane, 
resulting in the variation of the tip sample separation, 
which in turn changes the tunneling current. In the 
constant current mode of operation the tip is scanned 
such that the gap separation is always maintained constant 
at a reference value, by applying a feedback voltage to 
the inner piezo. The feedback voltage needed for main¬ 
taining the tunneling current constant is a measure of 
the surface topographical changes, 

A block diagram of the controlling electronics is 
shown in Figure 2. 



tigurc 2. Block diagram of Ihc .scanning tunneling microscope elec¬ 
tronics. CA, Current amplifier; lA, Instrumentation amplifier; AVC, 
Absolute value circuit; LOG, Logarithmic amplifier; J, Integrator; HI, 
H2, H3, H4, H5, High voltage amplifiers; SI, S2, S3, S4, Summing 
amplifiers; B, Buffer amplifier; ADC/DAC, Analogue to digital converter 
and digital to analogue converter and A/D and D/A are respective 
inputs; Z^. and Z feedback voltage and Z coarse adjustment voltage 
respectively. 
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The electronics essentially comprises of the current 
amplifier, analogue feedback system, data acquisition 
using A/D and the piezo drivers comprising of the D/A 
card interfaced to a PC and high voltage amplifiers. 

Current amplifier 

The current amplifier is a high impedance operational 
amplifier AD 529 where the current is converted into 
voltage over a high resistance (lOMDi metal film). This 
provides an output voltage of 10 mV for a current of 
1 nA. The bias voltage, V),, is applied to the sample 
from a battery through the non-inverting input of the 
current amplifier. The current amplifier is placed inside 
a grounded aluminum box and mounted close to the 
tunneling junction in order to minimize the capacitance 
contribution and consequent noise introduced by any 
lengthy cable. All the wires which connect the current 
amplifier to the rest of the circuit are well shielded and 
clamped at several places to minimize any vibration. 

The feedback unit 

The feedback unit essentially compares the actual tun¬ 
neling current with a user specified reference current. 
If the measured tunneling current is too large, the 
feedback control system generates a voltage which is 
applied to the tube scanner to pull the tip back and 
vice versa. The piezo electric tube expands linearly with 
the applied voltage, which is infact directly proportional 
to the changes in the vertical tip position. This ‘error 
voltage’ therefore represents the surface height. 

The output of the current amplifier is further amplified 
(XIO) by means of an instrumentation amplifier (AD 
624). An absolute value circuit (AVC) comprising two 
low noise OPA 27 op-amps provides the positive voltage 
to the logarithmic amplifier (AD 759 N). The logarithmic 
amplifier is used, as it linearizes the exponential 
behaviour of the current response which in turn improves 
the stability of the feedback loop. Besides, the reference 
tunneling current can be set by varying the input resis¬ 
tance of the log amplifier. In our circuit the reference 
current can be varied by means of a 10-turn potentiometer 
to any value between 10 pA and lOnA. The output of 
the log amp is fed to the integrator whose time constant 
can be varied by a variable input resistance. This in 
effect adjusts the integral gain of the feedback circuit. 
The changes in the integrator output voltage actually 
represents the variation in Z voltage that is to be applied 
to the tip piezo to maintain the tunneling current constant 
at a reference value. This value, therefore, corresponds 
to the topographic information at any one location 
(x, y). The array of numbers collected, as the tip is 
scanned, represent the surface height information and is 
stored in a computer for analysis and display. 
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Computer control and data acquisition 

A personal computer IBM compatible 486 DX interfaced 
with a Keithley 500 A measurement and control system 
containing a 16 channel, 16 bit A/D card and two 2 
channel 16 bit D/A cards is used for data acquisition 
and control. While the assembly language driver routines 
are supplied by the manufacturers of the card, the 
measurement and control software has been written in 
Quick BASIC. The feedback signal from the integrator 
is fed to one of the channels of the A/D. The current 
amplifier output representing the tunneling current and 
the logarithmic amplifier output which provides the 
logarithm of the tunnelling current are fed to another 
two channels of A/D respectively. Two of the four D/A 
outputs are used for coarse positioning and Z control 
respectively. The other two D/A outputs are used for 
X and Y control. The tip scan and data acquisition 
proceed concurrently and synchronously. Both the data 
acquisition and X and Y scans are performed as back¬ 
ground operation as this is the fastest mode of operation. 
The STM line scan image is displayed in real time. 

High voltage amplifiers 

A set of five high voltage amplifiers drive the piezo 
ceramic tubes for coarse positioning and x and y scanning. 
We have used APEX PA42 high voltage operational 
amplifierswhich are simple and convenient to handle. 
This amplifier has maximum voltage operation of 350 V 
and output current of 120 mA. The frequency response 
of 40 V/uS is adequate considering the fact that for the 
inertial slider the saw tooth to be applied needs to have 
a fast settling time. The X and Y outputs of the D/A 
are inverted by op-amp inverter (Burr Brown, OPA 27), 
to get -X and -Y outputs. The Z feedback voltage from 
the integrator is added to X, T, -X and -Y at the inputs 
of the four PA 42 op-amps (at a gain of 10) to get 
the asymmetic voltages needed for the piezo X and Y 
controls and also for controlling the tip position in the 
constant current mode of operation. In the constant 
height mode the time constant of the integrator is made 
very large compared to the scan rate (about 10 Hz), that 
the feedback cannot respond to the changes in the 
tunneling current arising from the changes in the surface 
topography. 

Operation of the STM 

Operation of the STM consists in first positioning the 
sample holder as close to the tip as possible (usually 
about 0.5 mm) by visual inspection taking care not to 
touch the tip inadvertently. The tunneling tip is 
fully withdrawn by the application of maximum voltage 
(+ 120 V) to the inner piezo. A train of saw tooth pulses 
is applied to the outer piezo by a high voltage amplifier 
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Figure 3. a, 2 nm x 2 nm scan image of highly oriented pyrolytic 
graphite. Scan mode; Constant height. Tunneling current, 1 nA, Bias 
voltage, 100 mV, Scan rate, 10 Hz; Tip, Tungsten, b, 3-D view of 
the image shown in Figure 3 a. 

operating at a gain of 10, so that the sample holder 
approaches the tip in slow steps at the rate of about 
0.1 mm/min. After every step of the sample holder, the 
inner piezo is stretched in small increments to detect 
tunneling current while the feedback is on. The sequence 
is repeated till the tunneling current is detected and 
immediately the Z movement of the sample is stopped 
by a trigger and the X~Y scanning is started. The X 
scanning is carried out twice, once in the forward 
direction and again while retracing the scan. Then a Y 
offset is provided and the data collected. This procedure 
is adopted to avoid any sudden tip movements as it 
occurs if a saw tooth is employed, which produces 
oscillations that adversely affect the image quality. A 
total of 20,000 data are thus acquired (200x 100) and 
stored in a file. The data corresponding to forward X 
scan (100x 100) is used for image display. While the 
line scan images can be displayed in real time, the 3-D 
images and the density plots are displayed using Mathe- 
matica software package after correcting for the plane 
tilt, but without any further processing. 


Discussion 

The reliability and stability of STM has been tested 
using a freshly cleaved Highly Oriented Pyrolytic 
Graphite (Type ZYA, Advanced Ceramic Co, USA). A 
4 mm X 4 mm sample is stuck to the sample holder using 
silver epoxy paste which provides the electrical contact. 
Figure 3 a shows the raw data image of the HOPG 
surface (2nmx 2 nm) while Figure 3 b the 3-D view of 
the same surface, obtained with a tunneling current of 
1 nA and a bias voltage of 100 mV and scan rate of 
10 Hz in the constant height mode of operation. A 
tungsten tip is used as a probe. The hexagonal symmetry 
pattern of graphite lattice is clearly seen. It is well 
known that the STM provides the electronic density of 
states rather than the actual positions of the atoms. 
Three alternate carbon atoms of the top layer of hexagonal 
graphite are bonded with the lower layer carbon atoms 
which are exactly below them (A sites) and have lower 
electron density and appear as dark spots in the STM 
image. This is in contrast to the other three carbon atoms 
represented by bright spots that have higher electron density 
as they are located right above the central hole of the 
lower layer hexagon (B sites)^"^. The distance between two 
bright spots corresponds to 0,250 nm and the C-C distance 
is 0.145 nm which is consistent with the values reported 
earlier for surface structure of graphite^"^. 

To summarize, we have designed and successfully tested 
a simple and compact scanning tunneling microscope and 
shown that it can provide atomic resolution image of 
graphite in air. This STM has presently been modified to 
be used as in situ STM for electrochemical studies. 
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Science and technology in independent 
India: Retrospect and prospect* 

P. Rama Rao 

If there is one field in which India has shown herself to be up to the challenge of global 
competition, it is science. No one can deny this. Indian names appear in the list of authors 
of some of the world's best scientific periodicals. Indian faces are seen in some of the world's 
best laboratories. Indian voices are heard in some of the world's most respected scientific 
meetings. Several thousands of a million Indians today in the USA - a world leader in Science 
and Technology - are scientists of repute. Above all, alive in India is the invaluable tradition 


of scientific research. 

It is India’s good fortune tliat during the best of times, 
and the worst, the country has had leaders of science 
who have assiduously striven to nurture and build schools 
of research that measure up to the demands of the most 
difficult scientific challenges. And so has come to be 
ingrained a cultural trait that naturally motivates, even 
today, a young researcher, entering the portals of Indian 
Institute of Science or Tata Institute of Fundamental 
Research, or an active and leading group in the University 
at Varanasi or Hyderabad, or a laboratory like Jawaharlal 
Nehru Centre for Advanced Scientific Research or 
Raman Research Institute, to aspire for and strive to 
produce research output that is publishable in inter¬ 
nationally reputed journals acceptable to the best peer 
groups anywhere in the world. As science is judged 
with reference to an absolute scale, international com¬ 
petition is the norm and India has not been found 
wanting. 

When we celebrate 50 years of India’s independence, 
let us look upon this scientific value system as our 
country’s asset of immeasurable worth. The sustained 
scientific tradition and the notable strengths in science 
are returns that we have obtained from modest invest¬ 
ments and from laboratories far from comparable in 
infrastructure to those of the advanced countries. That 
the investments have been modest should be clear from 
the fact that, while the world spends annually 500 billion 
dollars on R&D, India’s expenditure stands at about 2.5 
billion dollars only. At best, about 15% of this amount 
goes towards basic research. It should become immedi¬ 
ately obvious that the return on investment in science, 
return in terms of what I have just outlined, is one of 
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the best when compared with that in other fields of 
productive activity. This must gladden the hearts of the 
financial managers of our country. 

Leaving aside the question of economic parameters 
for a while, what we must not fail to appreciate is that 
the asset of scientific ability, capability and performance, 
which we owe to the support of the political leadership 
and the toil of the scientific community over decades, 
has not been easy to acquire. The edifice of science, 
thus erected, must not be allowed to decay. In our drive 
towards achieving a paradigm shift towards technology 
or product development, about which too I shall have 
more to say later, let it not be forgotten that fundamental 
research is indispensable, and actually far less expensive, 
but that kind of research tradition takes much longer 
to take root. In our anxiety to accelerate the pace of 
the so-called applied research, let nothing he done to 
besmirch the research tradition as we have come to 
understand, practice and, in certain instances, excel. Aa 
one who has been active for two decades in product 
development and application-oriented R&D, I strongly 
urge that we do not forget the value of basic, open-ended, 
research experience from which to feed off in a high 
technology regime. We need to cultivate cfuality soils if 
we want rich produce. 

Growth of S&T institutions 

Prior to independence 

What were the scientific institutions that we inherited 
from the British raj? If we step back a little and 
scrutinize, we can discern an interesting pattern in the 
growth of the scientific institutions during the British 
rule in India. 

Major scientific agencies, research institutions and 
academies established during this period are given in 
Table 1. Most of the institutions in column 4 came into 
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Table 1. Growth of scientific institutions before independence 



Survey of India 

1767 

Maps 

Calcutta, Bombay & Madras 

Universities 

1857 


Geological Survey of India 

1851 

Minerals 

Indian Association for the 

Cultivation of Science 

1876 

Mahendralal Sircar 

India Meteorology Depart¬ 
ment 

1875 

Weather 

Banaras Hindu University 

1916 

Madan Mohan Malviya 

Botaaical Survey of India 

1890 

Plant 






resources 




Haffkine Institute, Mumbai 

1896 

Vaccines 

Indian Institute of Science 

1909 

J. N. Tata 

Agricultural Institute, Pusa 

190.3 

Agricultural 

research 

National Academy of Sciences, 

India 

1930 

Meghnad Saha 

Forest Research Institute, 
Dehradun 

1906 

Forests 

Indian Statistical Research Institute, 
Calcutta 

1931 

P. C. Mahalanobis 

Indian Research Fund. 
Association 

1911 

Medical 

research 

Indian Academy of Sciences, 

Bangalore 

1934 

C. V. Raman 




Indian National Science Academy, 
Delhi 

1935 





Council of Scientific & Industrial 
Research 

1942 

A. Ramaswamy Mudaliar 
S. S. Bhatnagar 


being thanks to the initiative of great patriots (whose 
names are given in the last column). These were cast 
in the mould of academic science whose seminal 
importance was appreciated by the Indian mind even 
during the colonial rule, which provided no great 
encouragement to such endeavours. On the other hand, 
the scientific agencies of column 1 served a utilitarian 
purpose, the need of which was strongly felt by the 
British Government. Thus, Survey of India, Geological 
Survey of India, the India Meteorological Department 
and Botanical Survey of India catered respectively for 
topographical mapping, mineral exploration, weather fore¬ 
casting and plant resources survey. The need to develop 
vaccines (anti-plague) and conduct agricultural, forest 
and medical research provided the raison d'etre for the 
later institutions of column 1. 

The first group of ‘modern’ universities was established 
only in 1857 at Bombay, Calcutta and Madras and only 
to serve the objective of the British rulers. As Macauley’s 
Minute of Education of 1835 states, ‘we must at present 
do our best to form a class who may be interpreters 
between us and the millions whom we govern, a class 
of persons, Indian in blood and colour but are English 
in taste, in opinions, in morals, and in intellect’. The 
state of higher education in India in 1947 may he 
gauged from the fact that a dismal figure of only about 
50 out of every 100,000 Indians were on the rolls of 
higher education system, not just in science but in all 
of the disciplines put together, arts, commerce, agricul¬ 
ture, engineering, medicine and science. 

The only agency, the Council of Scientific and 
Industrial Research (CSIR), mandated to undertake 
industrial research had come into existence some 5 years 
prior to independence, and this because of the momentum 


imparted by Ramaswamy Mudaliar and the sustained 
drive of indefatigable Shanti Swarup Bhatnagar (whose 
contributions as the first chief executive are an indelible 
part of CSIR history). 

After independence 

Since independence, S&T has received considerable 
attention and occupied a notable position in the man¬ 
agement structure at the highest level. This is evident 
in the tradition of the Prime Minister holding charge 
of science departments, regardless of the party in power. 
During the last 50 years, our Prime Ministers have 
consistently adhered to the practice of addressing the 
annual session of the Indian Science Congress Associa¬ 
tion. These features are a reflection of a positive public 
attitude towards S&T which deserves to be looked upon 
as yet another of the country’s invaluable assets and 
instrumental in framing the scientific policy. The 
Government of India scientific policy 7'esolutlon piloted 
by Prime Minister Nehru and adopted by the Indian 
Parliament in 1958 is one of the first official statements 
in the world on science, its cultural value and relationship 
to national development. The announcement of a tech¬ 
nology policy followed in 1983. India was also perhaps 
ahead of several other countries in terms of Apex Level 
Advisory Committees for Science and Technology, which 
have been in place in one form or another since 1948. 

The major outcome of Government’s attention to SSiT 
is the evolution of a fine institutional framework. Several 
agencies, some referred to above, have set up universities 
and academic institutions, national laboratories and 
autonomous research institutions. The numbers enrolled 
annually into higher education has risen from 50 to 
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more than 600 per 100,000 population. Though not high 
on an absolute scale, this signifies a phenomenal growth. 
The State Governments have established S&T institutions 
as well, wherever they have felt the need for the same 
to serve local demands. In the area of agriculture, 
extension centres have been brought into being. Many 
industries have in-house R&D units. As a result, the 
scenario of laboratories and institutions in our country 
has changed dramatically. In 1947, there were just 20 
universities in India and 60 national laboratories. Industry 
was rudimentary. Today there are more than 200 uni¬ 
versities, 400 national laboratories as well as 1300 
in-house R&D institutions of the industry and over 200 
voluntary organizations with S&T involvement. More 
than the numbers, what this has led to is that, in almost 
any discipline, India’s map is dotted with institutions 
that have the capability and persons to cany out R&D. 

S&T system in India today 

The growth of scientific institutions during these 50 
years has brought into existence a sizeable S&T system 
in our country (depicted in Figure 1). 

Part A is the dominant part accounting for about 73% 
expenditure of S&T and may be subdivided into A1 to 
A3. A1 consists of six Central Government Departments 
of science, namely: (1) Space (DOS), (2) Atomic Energy 
(DAE), (3) Science & Technology (DST), (4) Ocean 


Development (DOD), (5) Biotechnology (DBT) and (6) 
Scientific and Industrial Research (DSIR) which has 
under it the Council of Scientific and Industrial Research 
(CSIR). There are six public sector companies with the 
Departments covered in Al. While A2 comprises S&T 
component of the several socio-economic ministries and 
as many as 105 public sector manufacturing units, the 
third part A3 is S&T part of the Ministry of Defence 
including the Defence Research and Development 
Organization (DRDO) and eight public sector units. The 
socio-economic ministries are Ministry of Human 
Resource Development, Agriculture, Electronics, Envi¬ 
ronment & Forests, Non-Conventional Energy Sources, 
Health & Family Welfare and about 250 other economic 
Ministries such as Steel and Mines, Coal, Petroleum & 
Natural Gas, Chemicals & Petrochemicals and Water 
Resources. 

The model of the CSIR (Ministry of Science and Tech¬ 
nology) was adopted, after independence, for the Indian 
Council of Agriculture Research (1947) (Ministry of Ag¬ 
riculture) and the Indian Council of Medical Research 
(1949) (Ministry of Health & Family Welfare), both of 
which established a network of research and development 
laboratories in the country. The Councils, registered as 
Societies, enjoy a certain degree of autonomy, although 
they are funded substantially by the Government. 

The subsequent modality in the Government for pro¬ 
motion of S&T in various other sectors was in the 


4 


S&TDEPTS 

AGENCIES 

S&T IN SOCIO- 
ECO MINISTRIES 
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MINISTRY 
OF DEFENCE 

(S) 

(g) 
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1 276 1 * 
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PUBLIC SECTOR 



817]* 




105) •• 


EXPENBETURE 


-73% 




DOMINANT 

* Number of S&T mstitutions GROWTH ANTICEPATED 

♦♦ Number of in-house R&D Umts 

Number of Universities including 6 HTs 

Number of Voluntary Organizations with predominant 

involvement in S&T 


AI refers to 6 Departments, viz, vSpacc, Atomic Lncigy, Science and Technology, Biotechnology, Ocean Development 
and Scientific & Industrial Research (with CSIR). 

A2 refers to Ministry of Human Resource Development, Agriculture, Electronics, Environment and Forests, 
Non-Conventional Energy Sources, Health & Family Welfare and about 25 other economic Ministries like Steel 
and Mines, Coal, Petroleum and Natural Gas, Chemicals and Water Resources. 


Figure 1. Indian science and technology system. 
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shape of Government Departments, which in some 
instances derived management support through a com¬ 
mission structure (Atomic Energy Commission, Space 
Commission, Telecommunication Commission). Govern¬ 
ment Departments in the socio-economic ministries as 
well as scientific agencies and the State Governments 
invariably set up a number of autonomous laboratories, 
each of which was designed to carry out focused research 
in a chosen area. These together, to which has to be 
added the research units of the non-Governmental 
organizations (NGOs), in-house R&D units of the public 
sector and private sector industry, and the universities 
(the number of such institutions is indicated in the 
respective boxes in Figure 1) constitute a sizable scientific 
institutional bcise in the country. 

There are Wo corollaries to the brief description 
given here about the size and complexity of the S&T 
system as of today. One is the need, at this point in 
time, for an appraisal of the effectiveness of the Councils, 
the Government Agencies, with and without the Com¬ 
mission structure and then the autonomous laboratories 
and centres under the Government Departments, which 
together present a complex of management models that 
have evolved in the country. The reason for suggesting 
such an appraisal is that not all the Councils have 
succeeded to the same extent, so also not all the 
Commission structures, for that matter not all the Gov¬ 
ernment Department-based S&T programmes. Determi¬ 
nation of success or otherwise is to be related to function 
and mandate of the organization in question. Carrying 
out an informed and objective assessment therefore 
requires senior persons who have worked in the system 
and understand the implications of management structures 
for tangible scientific output of the type expected. In 
any event, restructuring and/or Ifesh governmental agen¬ 
cies may become necessary as economic and technology 
scenes change rapidly. An appraisal of the type suggested 
would prepare us for appropriate responses to the 
dynamics of the coming decades. 

The second pertains to R&D expenditure (much of it 
by the Government at the Centre as shall be explained 
in the next section), which is modest (0.85%) in com¬ 
parison to India’s GNP as well as in relation to amounts 
invested by the scientifically leading nations. An inevi¬ 
table consequence of sub-critical investments in India 
is that relatively small amounts of R&D have been 
spread over a large number of institutions and industry 
in-house units, like in A2 and especially in part B of 
Figure I, leaving several of them poorly funded. Urgent 
measures to remedy the situation have to be adopted. 

Growth in S&T expenditure 

The Central Government S&T expenditure (Plan + Non- 
Plan) from the first to the eighth Five-Year Plan periods 
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is given in Table 2 which shows that from a level of 
Rs 200 million in the first Five-Year Plan, the expenditure 
in the current Plan has grown to nearly Rs 240 billion. 
The factor by which plan allocations were enhanced 
from plan to plan has been indicated in Table 2. The 
largest enhancement occurred in the 5th Plan and this 
warrants elaboration. 

In 1971, thanks to C. Subramaniam, the Government 
set up a National Committee on Science and Technology, 
(NCST), NCST brought out in 1973 a policy document 
entitled ‘An Approach to S&T Plan’. This approach was 
developed reckoning that a sum amounting to 1% GNP 
would be made available for R&D in the last year of 
the Fifth Plan. The quantum jump in the allocation in 
the Fitth Plan, nearly 5 times that in the Fourth Plan, 
was due to this visionary NCST initiative of the Gov¬ 
ernment. Thus were set up three Departments, viz. the 
Department of Science and Technology (DST), the 
Department of Electronics (DOE) and the Department 
of Space (DOS). The dates when some of the other 
S&T departments came into being are also given in 
Table 2, Department of Ocean Development (DOD), 
Department of Environment (DOEn) (now the 
Ministry of Environment & Forests), Department of 
Non-Conventional Energy Sources (DNES) (now the 
Ministry of Non-Conventional Energy Sources) and the 
Department of Biotechnology (DBT) came into being 
in the period between 1982 and 1986. 

As far as I am aware, no initiative comparable to 
those mentioned above, up to the point of creation of 
the Department of Biotechnology in 1986, has been 
taken in the last 10-12 years. Investment of 1% GNP 
in R&D, suggested by NCST, appeared to be taking 
shape but has never been attained, with recent declining 
trends actually bringing it down to about 0.85%. This 
situation warrants a major revival operation to be put 
into place. 

NCST recommendations guided, 25 years ago, the 
development of an approach to S&T plan which led to 
enhanced investments in S&T. As we have just crossed 
the 50 year milestone and are situated at the threshold 
of the 9th Plan, an altogether new 'Approach to S&T 
in India* is called for. Such a new approach, for which 
some suggestions will presently be made, should clearly 
spell out measures and mechanisms that can demand, 
attract and absorb investment of at least 2% GNP 
(which will still be lower than the quantum, 2.5—3.0% 
GNP, that leading industrialized nations invest) for S&T 
by the end of the 9th Plan. 

A policy announcement to enhance the annual R&D 
expenditure to 2% GNP by the end of the 9th Plan, as 
soon as the new Government takes office, will mean 
much to bring S&T on to the centre stage of programmes 
for national development. A policy statement has been 
made already at the highest level, that the allocation to 


CURRENT SCIENCE. VOL. 74, NO, 5, 10 MARCH 1998 


421 



GENERAL ARTICLES 


education in the 9th Plan will be built-up to a level of 
6% GNP. If both of these targets can be set, and 
achieved with judicious management, India is bound to 
recover much of the lost time and opportunity. What a 
wonderful prospect this is, even to visualize! 

Why 2% GNP? 

Science in universities 

The growth in S&T institutions and the present size of 
the scientific establishment has been outlined. Among 
the institutions whose number has grown significantly 
while support to them has not, is our university system. 
I say this with much sadness. 

Universities are the most congenial homes for creativity 
in any society. Research thrives best in the university 
environment which is unrivalled in its ambience to 
stimulate interaction of the young minds with those of 
the experienced. They are also the fountainheads for 
technology innovation. There are exceptional examples 
like the University of Sheffield in England from which 
sprang many developments in steel technology in the 
steel city of Sheffield, in a period when steel was a 
prime material. In the modern age of silicon, Stanford 
University in US has proven to be a monumental success 
in the creation of the silicon valley. Above all the 
Universities the world over have shown themselves to 


be the single most enduring of institutions during the 
present millennium, since inception of the first University 
in Bologna in Italy in the 11th century. 

In this perspective, it is heart-rending to hear about 
the inexorable decline in research standards in several 
universities in our country. Enfeebled is university basic 
infrastructure, such as a modern library, laboratory 
instrumentation, computing facilities or connectivity and 
communication with the other centres in the country 
and abroad. Rejuvenation of the universities, their 
capability and vitality is a paramount and urgent need. 
A Science Congress is justifiably the forum to declare 
this urgent requirement, as the annual sessions, such as 
the present one, have invariably been hosted by a 
university, everyone of which has carried this burden 
so far despite their mounting inadequacies. 

The least that one can attempt is to select immediately 
at least one university in every State for strengthening 
research infrastructure and skills. 

The situation in central universities, though better, is 
certainly not up to the demands of today. All of these 
central universities, which were indeed intended to 
develop as the country’s educational research centres of 
excellence, have also to be given fresh inputs with 
respect to their research capabilities and infrastructure. 

In the above context, the initiative, some years ago, 
of the Department of Science and Technology to set 
up Regional Sophisticated Instrument Centres (RSICs) 


Table 2. Progress of central sector S&T allocations in different plan periods’*' 

(Rs in billion) 


Five-Year Plan 

Plan 

Non-Plan 

Total 

Dates of major agencies 





CSIR set up in 1942 

AEC set up in 1948 

1st (51-52 to 55-56) 

0.14 

[2.3] 

0.06 

0.2 


2nd (56-57 to 60-61) 

0.33 

[2.1] 

0.34 

0.67 

DRDO in 1958 

3rd (61-62 to 65-66) 

0.71 

[2.0] 

0.73 

(1.03) 

1.44 

(1.74) 


4th (69-70 to 73-74) 

1.42 

[4.9] 

2.31 

(3.46) 

3.73 

(4.88) 

DST & DOE in 1971 

DOS in 1972 

5th (74-75 to 78-79) 

6.93 

[2.9] 

6.88 

(9.49) 

13.81 

(16.42) 


6th (80-81 to 84-85) 

20.16 

[2.5] 

16.52 

(24.73) 

36.68 

(44.89) 

DOEn in 1980, DOD in 1981 
DNES in 1982 

7th (85-86 to 89-90) 

50.06 

[2.4] 

31.58 

(56.39) 

81.74 

(106.5) 

DBT in 1986 

8th (92-93 to 96-97) 
(anticipated) 

121.7 

T 

[Plan-to-plan 

enhancement 

factor] 

57.61 

(116.1) 

179.3 

(237.7) 



*Defence research has a significant non-plan allocation; figures within brackets under column 
headings Non-Plan and Total are inclusive of defence research allocation. 
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has generally proved to be a success. The concept of 
RSICs deserves to be revisited. We should undertake 
strengthening of RSICs and Sophisticated Instruments 
Facilities (SIFs). There are only three such centres in 
the university system. We should establish at least one 
such centre in every central university and one such centre 
in the university selected by each of the States for particular 
attention. Combining this with a massive upgradation of 
the infrastructure of the library, computing and networking 
facilities will do much to restore some of the shine of 
what was once a glittering university system. 

Technology for domestic economy 

A question frequently asked, and more forcefully so, 
during the recent years is why, although India has such 
a credible record of S&T accomplishments, the impact 
of S&T on the national economy is not readily observed. 
This question as well as the issue of 2% GNP by the 
end of the 9th Plan will be addressed together. 

There are three sources of funding R&D, viz. 1. 
Central allocation, 2. State allocation, and 3. Industry 
investrhent. 

Of the three sources of funding, it is well known 
that, in our country, the dominant fraction is borne by 
the central sector. In the 8th Plan, out of approximately 
Rs 360 billion spent on R&D during the five-year period, 
about 67% was provided by the Centre (Rs 245 billion), 
about 9% (Rs 33 billion) by the States and about 24% 
(Rs 82 billion) by industry, public and private industry 
put together. Each of these components warrants dis¬ 
cussion in the context of our expectation that S&T 
should make a difference to the economic situation in 
the country, as indeed has happened in the western 
nations and, more recently, in a country like Japan, 
where S&T has been responsible for unprecedented 
economic prosperity. 

Central sector. A study of the changes in the pattern 
of investment for S&T in various sectors, since the plan 
concept came to be adopted, is necessary. This study 
may reveal that the investment pattern changed not so 
much because of a comprehensive assessment of the 
needs of various sectors, but, perhaps, because of seg¬ 
mented emphasis that selected sectors received from 
time to time. Central sector divides itself into two parts, 
A1 and A2, as in Figure I. 

In part AI (Figure 1), for example, let us consider 
CSIR and DAE R&D allocations, two science agencies 
which were prominent in the first three plan periods 
(Table 2), thanks to two of the redoubtable institution 
builders in post-independent India, Shanti Swarup Bhat- 
nagar and Horn! J. Bhabha. 

Homi Bhabha set up an economic study wing in DAE 
as early as in 1955 with nuclear power in mind and 


this has paid off. DAE R&D has given rise to the 
nuclear power programme which is saying a lot when 
you consider the daunting tasks of designing, building 
and operating, nuclear power plants. Fuel for the power 
reactors has to be extracted from a resource that contains 
mere 0.05% uranium and this has been done! Further, 
technology for the heavy water production has had to 
be developed. We see that heavy water plants have been 
built, are being operated and the product is exported as 
well. The multidimensional nuclear programme has had 
an impact on some agricultural products (e.g. 90% of 
all urad grown in Maharashtra and 11% of breeder 
groundnut seeds used in the country are based on 
Trombay mutants) and contributed to the growth of 
nuclear medicine in the country. Similarly, CSIR has 
had a substantial influence over chemical, agrochemical, 
pharmaceutical and petroleum industries and products. 
CSIR zeolite catalysts are a product which have been 
taken through the entire cycle of synthesis, charac¬ 
terization, testing, evaluation, pre-production trials and 
manufacturing. Twenty five per cent of all of chemical 
pesticides used in the country are based on CSIR tech¬ 
nology. So also the CSIR refining techniques have been 
used in the petroleum industry. Centchroman of the 
Central Drug Research Institute is proving to be a magic 
molecule. Presently Rs 3600 crore worth of annual in¬ 
dustrial turnover is attributable to CSIR technologies. 
CSIR is also making headway in export of R&D based 
products and services with a client list that includes 
GE, DuPont, EMC, Neste, Unilever and ICI in the 
chemical sector, Boeing and BOAC in the aerospace 
sector, to cite a few examples. 

The two agencies are therefore capable of contributing, 
vh R&D, to such activities as make a difference to the 
industrial technology scenario in the country, precisely 
what the open economic regime requires. The relevant 
questions are: have the outlays for R&D in CSIR and 
DAE kept up with their needs? How do the allocations 
correlate with the avowed goal of achieving economic 
dividends through investment in S&T? 

With reference to part A2 of Figure 1, let us consider 
S&T components in various socio-economic ministries. 
It is difficult to fathom any policy for S&T investment 
in the economic ministries. It is only in the Ministry 
of Defence that there is the practice of allocating to 
S&T a certain percentage of the total outlay for the 
Ministry. The Defence Research and Development 
Organization currently is allocated a little more than 
5% of the funds given to the Ministry of Defence. This 
has led to results which the country has sensed and 
appreciated. It is not the case that the Defence Ministry 
looks upon the allocation by the Government as more 
than adequate in terms of its requirements and therefore 
sets apart 5% for R&D. On the contrary, I would expect 
that setting apart 5% for defence R&D is a reflection 
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of the Ministry’s conviction about the importance of 
indigenous R&D for self-reliance in the development of 
defence-related products and systems needed by the 
armed forces. 

This commendable policy of an unexceptionable share 
for R&D, in terms of a reasonable percentage of the 
outlay for the Ministry, is worthy of emulation by several 
economic ministries. National security lies not just in 
defence capability. National security has to be all 
encompassing, defence, economic and social. Technology 
has been at the core of defence products the world 
- n'er. But national security cannot be comprehensively 
ensured if capability in defence technologies is not 
complemented by the economy-related production tech¬ 
nologies. Recent events in the Soviet system poignantly 
bring home this truth. We have also faced a crisis of 
unimaginable proportion on the food front until agricul¬ 
tural R&D brought about a sea-change in the food grain 
production scenario. If the country today has a sense 
of food security, of no less significance than the nation’s 
defence security, the nation has to salute the agricultural 
scientists and producers, indeed the system as a whole. 

The relative success in the field of agriculture owes 
not a little to the importance given to agricultural 
research, education and extension programmes. This is 
reflected in the fact that, out of the total of Rs 10,000 
crore for agriculture in the 8th Plan, agricultural S&T 
and education got Rs 1300 crore, i.e, 13% of the plan 
outlay. 

India is still a largely agro-based economy, and there¬ 
fore there should be no let up in the importance to be 
given to development of agricultural and agro-based 
products. Foodgrain production levels have to maintain 
a certain growth rate and this has been discussed at 
length by U.R. Rao in his Presidential Address in 1996. 
More and more attention to advanced techniques is 
necessary as results have to keep pace with the growing 
needs in regard to not only primary agricultural products 
but also products of the secondary and tertiary sectors. 

Discussion of agricultural products is always heart¬ 
warming because of the following reason. People often 
ask, is India No. 1 in any field? The answer is, yes!, 
we are first in the world in the production of farm- 
products, e.g. jute, fruits and vegetables and raw sugar. 
As Table 3 shows, while India’s position is No. 1 in 
the world in total annual production, we slip from this 
position in terms of productivity or quality. 

This is a clear area for technology intervention. So 
also downstream processing of agricultural products, 
which has only begun to take shape with the recent 
initiatives for the promotion of food processing industry. 
This is another area brimming with potential economic 
rewards for technology programmes. 

What has been done for R&D in the Ministry of 
Defence, and agricultural research in the Ministry of 


Agriculture, is not evident in several other socio¬ 
economic ministries. This is clear from the four examples, 
railways, coal, power and rural development (Table 4). 

S&T allocation of less than 1% in the Ministries of 
Coal, Power and Rural Development, and less than even 
0.1% for S&T by the Railway Ministry, can hardly 
make any impact on the development of associated 
technologies. 

How much can be expected of one research organi¬ 
zation, like Research Design and Standards Organization 
(RDSO, Lucknow) of the Ministry of Railways, when 
a wide spectrum of products, components or systems is 
needed by the railways on a scale that has to make a 
difference to their functioning? One has only to compare 
with the achievements of technologies in high speed 
traction in countries such as Japan and France to realize 
where we stand today. Railways could, indeed, absorb 
as large an R&D input as defence. 

Similar arguments apply to the Ministries of Coal and 
Power, which are crucial for infrastructure development 
in India. Coal is our primary source of electrical energy. 
Clean coal technologies are yet to be applied on a large 
scale. Power transmission can gain from a technology 
like HVDC transmission whose impact is yet to be 
widely felt. Diffusion of S&T-based products and systems 
for the benefit of the non-farm sector in the rural 
economy has not happened in our country, as for instance 
in China. The lack of progress in these developments 
has been commented upon, often with laments about 
the insensitivity of the S&T community to such needs. 
However, for a change to be brought about, a fundamental 
reorientation of planning and technology management 
processes is necessary so as to draw in S&T elements 
to play their legitimate role as instruments of growth. 
The Ministries of Petroleum and Natural Gas (Oil De¬ 
velopment Board), Steel (SAIL R&D) and Mines (Jawa- 
harlal Nehru Aluminium Research, Design and 
Development Centre, Nonferrous Materials Technology 
Development Centre) have done better in this regard. 

I would therefore plead that S&T allocation in 
socio-economic ministries be raised to at least 5% of 


Table 3. What can technology achieve in agriciilturat products 



Production 

Yield 


Annual 
(in 1000 T) 

World 

rank 

Yield 

(kg/hectarc) 

World 

rank 

Jute 

1260 

1 

1465 

10 

Fruits and 
vegetables 

100,000 

1 

Variable 

Below 10 

Raw sugar 

13-14,000 

1 

10% 

(recovery 
from cane) 

Below 5 
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Table 4. S&T allocation in selected socio-economic ministries 


Socio-economic 

.sectors 

8th Plan 
1992-97 
S<&T outlay 

8th Plan 
1992-97 
Central 
sector outlay 

% for S&T 


(Rupees in Crore) 

Railways 

25 

27,202 

0.09 

Coal 

87 

11,507 

0.75 

Power 

251 

25,920 

0.97 

Rural development 

104 

30,000 

0.35 


the total plan outlay made to the concerned sector and 
a higher percentage in certain sectors. This should not 
require imposition of an additional burden on the ex¬ 
chequer. The effort should he to make an appropriate 
slice from the sectorial allocations for strengthening 
respective S&T endeavours. 

Obviously, a mere allocation of funds is not an end 
in itself. A judicious utilization of the same is needed 
in carefully selected projects which the economic 
ministries are best placed to prioritize and define. A 
methodology will also need to be devised to attract 
counterpart investments by industry and for the asso¬ 
ciation of the S&T agencies. 

The Technology Development Board has been recently 
instituted in the Department of Science & Technology. 
The Board has been empowered to provide bridging 
inputs, so necessary and not large enough till now, for 
the joint technology projects (JTPs) of the socio-economic 
ministries, S&T agencies and industry. Technology 
development and commercialization of technology bristle 
with risks and the role of Government in covering the 
risk element to some extent is crucial for industry 
participation. The progress from research to business 
involves a chain of activities. Each of the links in the 
chain, namely applied research, upscaling for assessment 
of technoeconomic parameters and precommercial trials 
before commercial launch requires investment, a proper 
organizational structure and management for that purpose. 
Finally, total involvement of industry is essential, for 
industry offers the right site for commercialization. It 
is in bringing about movement towards industry invest¬ 
ment in technology that lies the role of the government 
agencies and the newly created Technology Development 
Board, as well as the venture capital schemes of financial 
institutions (also such promotional schemes as SPREAD 
of ICICI). 

The concept of technology missions, experimented 
with during the Seventh Plan, is valid as a technology 
management strategy involving several players. Oil seeds 
and the telecommunication missions showed notable 
results. However, in these or other socio-economic sec¬ 
tors, one does not see more mission-oriented programmes 
on the same scale and intensity. Again the need to 
sustain strategies and investments comes ruefully home. 


Finally, a word about choice of specific technology 
areas. Once larger allocations are made for S&T activities 
in the Ministries and appropriate management structures 
and strategies are determined, careful design of invest¬ 
ments has to be made with the help of an assessment 
of world trends in trade. 

Take, for example, the field of electronics. With all 
the technical knowledge available, as well as very early 
work on silicon in the country and despite the Bhabha 
Committee visionary report, India completely missed out 
the micro-electronics revolution. This was one area where 
India could have made a mark based on R&D capability. 
In any case, we could not have afforded to lose out so 
heavily. Non-availability of critical advanced electronic 
components and devices has had a negative effect on 
the pace of development of high technology systems 
required in our strategic programmes. 

Currently, health-related products, environmentally 
friendly technologies and products based on bio¬ 
technology are showing growing presence in world trade. 
Industrial products are still dominant, occupy a prime 
place in world trade and manufacturing technologies are 
on the anvil of revolutionary advances. And information 
and communication technologies have stormed the world. 
India cannot be simply left behind, because these emerg¬ 
ing technologies have a vital impact on national econo¬ 
mies. A careful assessment of trends in a given discipline 
and their impact on world trade should be our parameters 
for decision making on investments, if we have to make 
a bigger dent in world trade through our exports. 

None of the above-named technology areas should 
seem daunting. Only focused attention is needed. When¬ 
ever such attention and the needed support are given, 
there have been results. Reference to defence R&D and 
nuclear power reactors was made earlier. Achievements 
in the Department of Space have been stupendous. 
Development of world class remote sensing and com¬ 
munication satellites and the progress in launch vehicles 
are no mean achievements. These and other specific 
successful development of high technology systems, such 
as the giant metre-wave radiotelescope, parallel process¬ 
ing supercomputers, power plant equipment and digital 
switching technology for 40,000 line exchange, bear 
ample testimony to India’s inherent capability in tech¬ 
nology development and for mustering and managing 
large teams. 

The above technology accomplishments should lend 
confidence to launching a massive reorganization of 
economy-related technology projects in which the Min¬ 
istries, the S&T agencies, industry, engineering consult¬ 
ancy organizations and .financial institutions are 
coherently interfaced, once proper selection of projects 
has been done after due assessment. 

Clear distinction in approaches will be necessary de¬ 
pending upon whether we are aiming at meeting our 
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own needs like the infrastructural development or our 
aim is to be recognized as a dominant country in a 
globalized economic regime. In any case, levels of 
investment, project planning and management and sus¬ 
taining all of these aspects over a long enough period 
should accompany our aims and aspirations. 

State sector. The allocation made by the State Gov¬ 
ernment and Governments of the Union Territories for 
Science and Technology so far has not been substantial. 
For instance, the States and the Union Territories, all 
put together, had 8th Plan outlay of less than Rs 200 
crore for S&T during the whole plan period of 5 years 
with the average coming to less than about Rs 2 crore 
per year per State (including Union Territories). How¬ 
ever, the allocation of this amount is as against the 
total outlay in the 8th Plan for the States of about 
Rs 182,000 crore. S&T allocation, thus, amounts to 
about 0.1%. This is a measure of the inadequacy in the 
capacity of the States to resort to S&T as a tool for 
dealing with societal or economic ventures. 

In regard to S&T in the socio-economic sector, the 
only clear Head in the State plan budget is for agricultural 
research and education. There is no plan budget Head 
in other socio-economic ministries of States with research 
clearly mentioned. The amount allotted for agricultural 
research and education amounts to about 5% of the 
total outlay for agriculture. Again, one can see that 
•regular, annual plan investment, of a viable magnitude, 
in a chosen sector has made a difference to the pro¬ 
grammes related to S&T in that sector. 

Diffusion of S&T advances in a large enough measure 
and a wide enough scale within the country is not 
possible unless the States are involved in the process. 
The State Governments are under severe budgetary pres¬ 
sure. All the same, with or without the help of the 
central sector, the situation in the States needs to be 
drastically improved so far as S&T programmes and 
interventions are concerned. In the same way as agri¬ 
culture (speciality for which there are State Universities) 
has received attention by the State Governments, the 
other sectors which strongly influence the economy of 
the States require to be attended to. High level review 
and an altogether fresh approach are needed to make a 
new beginning. 

Unless the State institutions are funded adequately, 
quality manpower is inducted, information on S&T 
capabilities and developments provided and senior level 
advice in S&T matters ensured, even the initiatives 
coming from the Centre for ameliorating any situation 
in the region may prove ineffective over a period of 
time. Any large scale programme, for example the 
cleansing of the rivers through effluent treatment and 
sewage treatment or production of potable water from 
desalination plants or any similar technical initiative is 
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likely to encounter insurmountable impediments as long 
as the State institutions do not have the wherewithal to 
sustain the operations. 

Let me make a reference to the area of forensic 
science which is a public science and a rapidly advancing 
science. Criminals are using advanced techniques to 
commit crimes. Criminal investigators have to necessarily 
use advanced scientific tools. Of the 19 State Forensic 
Science Laboratories, there is one in the AP State, 
Hyderabad. Hyderabad is rich in terms of scientific 
institutions whose capabilities have relevance to forensic 
science. For example, the emergence of DNA finger¬ 
printing, has been hailed as a breakthrough in forensic 
science in this century. The level of scientific knowledge 
and training necessary to do DNA analysis can be 
gauged by the progress made by the Centre for Cellular 
and Molecular Biology in Hyderabad. Especially due to 
proximity of these laboratories, the State forensic science 
laboratory is in a position to appreciate what can be 
done in their own laboratory to install new and advanced 
experimental tools, for training on them and to use them 
for investigation of crimes. But this requires financial 
support, autonomy to build up scientific staff strength, 
in quality and number, and opportunities of the kind 
the scientists of CSIR and defence laboratories have for 
interacting with peers nationally and internationally. 
Regular upgradation is essential in fields governed by 
rapid advances. However, forensic science does not find 
a place in the annual plan budgets of most of the 19 
States. The same observation applies to science labora¬ 
tories in other fields in the States. 

There is also much that requires to be done for 
reaching out to the districts and the villages to carry, 
first of all, information on technology developments and 
then their application. 

In this scenarioy it is so pleasing to find the initiative 
that the State of Andhra Pradesh has taken to promote 
information technology and to set up an Institute for 
this purpose. More of this kind of enthusiasm and action 
are needed for the right S&T outlook to permeate the 
country as a whole. 

Industry sector. The present level of investment by the 
private sector industry in R&D is less than 15% of the 
total expenditure for R&D in India. This amounts to 
an average company expenditure of less than 0.1% of 
turnover. Consequently, industrial production based 
wholly on indigenous R&D* does not amount to more 
than about 5% of the total. The potential for radical 
change in this scenario is great. For this potential to 
be tapped, industry must look at technology innovation 
and development as a truly profit-making proposition 
and enhance commitment to R&D. 

There are several ways by which industry can enhance 
their involvement in indigenous R&D: (i) in-house R&D 
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within the industry, (ii) partnership in joint technology 
projects with the economic ministries and other partners 
and (iii) industrial sponsorship in publicly funded labo¬ 
ratories as well as those managed by NGOs. For all 
this to happen, industry should repetitively experience 
the benefit of substantial gains from R&D investments. 
Are there, then, any success stories of sufficient mag¬ 
nitude? 

Drugs and pharmaceuticals is an area of some success 
in terms of industrial research. The turnover of the 
drugs and pharmaceuticals industry has risen from about 
Rs 4 crore at the time of independence to about Rs 
7000 crore currently and over 80% of the bulk drugs 
are indigenously manufactured. These are accomplish¬ 
ments made possible through R&D resorted to by the 
industry for developing alternative processes for drug 
manufacture. The pharmaceutical sector currently spends 
about Rs 100 crore annually on R&D and is showing 
signs of rapid enhancement in investments in the context 
of economic reforms. 

The Indian entrepreneurial skills have been quite quick 
to grasp opportunities in certain areas of their competitive 
advantage. This is nowhere better seen than in the 
exports of some electronic items and computer services, 
which recorded an impressive growth rate of 47% to 
reach a figure of about Rs 5,000 crore in 1995-96. The 
setting up of the hardware and software technology 
parks by the Department of Electronics, with further 
liberalization in 1997 for their operations, helped this 
sector. The progress registered by Tata Consultancy 
Services is astonishing. The operations of Silicon Graph¬ 
ics in India have registered spectacular growth. Software 
exports are envisaged to grow at an annual rate greater 
than 50% through the next 5-year period and exceed a 
sum of Rs 35,000 crores. 

Tata Research Development and Design Centre 
(TRDDC) marks a bright trend in industry-related R&D 
in the private sector. TRDDC carries out sponsored 
research for industry in India and abroad, so also for 
government agencies. Although slow to pick up (since 
the start in 1981), TRDDC has emerged as a viable 
R&D unit with business in excess of Rs 20 million and 
their earning exceeding expenditure. 

Experienced scientists are stepping out of their labo¬ 
ratories, and their secure positions, into the commercial 
world. Karnataka Hybrid Microdevices, Bangalore Inte¬ 
grated System Solutions, Bangalore Genei in Bangalore, 
the Indian Resources Information and Management Tech¬ 
nologies and AVRA Laboratories in Hyderabad are some 
of the examples of companies that have thus emerged 
and the trend is to see more of them in the country. 
The small scale industry (SSI) in the country is a 


*Research and Development in Industry-An Overview, DSIR, New 
Delhi, 1996. 


vibrant and dynamic sector of the economy. Some 2.3 
million units, employing about 14 million people, produce 
over 7000 items, ranging from the simplest to the 
technologically most sophisticated. The total SSI pro¬ 
duction is valued at over Rs 2000 billion annually. This 
sector contributes over 40% of India’s total exports. 
The rate of growth or production in this sector has 
often exceeded the growth in industry as a whole. (SSI 
grew at 5.6% in 1992-93 against 1.8% increase in 
industry.) Efforts are underway to promote links between 
this sector widely dispersed in the country and the 
equally well dispersed R&D institutions. R&D in small 
scale sector is a promising growth area. 

A Technology Development and Modernization Fund 
of Rs200 crore was set up in the Small Industries 
Development Bank of India (SIDBI) to finance quality 
projects aimed at strengthening the export capability of 
small scale industries. The latest measure approved by 
the Union Cabinet is to raise the investment limit in 
plant and machinery for the small scale sector from 
Rs 6 million to Rs 30 million. The National Equity 
Fund Scheme has been extended to tiny and small scale 
units. 

On the whole, industry generally has begun to spend 
a little more on R&D during the recent years with the 
private sector R&D expenditure exceeding Rs 1000 crores 
during the last financial year. 

Industry interest, involvement and investment in tech¬ 
nology development, product innovation and globally 
competitive exports are vital for the robust growth of 
Indian economy. Routinely the expression 'GDP growth ’ 
is mentioned and discussed. The rate at which produc¬ 
tivity is growing, say in manufactured goods, is not 
commonly analysed, at least not widely publicised. Unless 
modern technology is brought into play, the total factor 
productivity growth in manufacturing is unlikely to show 
a markedly positive trend. Improvement in quality of 
the product will also depend on R&D support. In a 
globalized regime, it will be imperative to attach values 
to technology elements in product manufacture. Industry 
will have to inevitably develop R&D approaches. 
Investments in R&D as well as induction of scientific 
personnel will have to be increasingly resorted to. 

Industry hesitates to exercise technological options, 
often because of unfamiliarity with technologies and the 
methods to assess them. The result is that industry tends 
to persist with known technological practices, even if 
not entirely appropriate or seek licences for collaboration 
from elsewhere. Industry has to strive to enhance genuine 
familiarity with the world of technology. This is a central 
issue. 

Government has been the dominant investor in R&D 
so far. Government has also offered fiscal incentives to 
industry to promote R&D in industry.* Industry, on 
their own, and in partnership with the Government and 
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the laboratories will have to move forward in technology 
development and utilization with investment necessarily 
greater than the present level of 15% in national R&D. 

Technology in society 

The bulk of India’s people live in rural communities. 
While rural poverty is declining, a large proportion 
continues to subsist below the poverty line. The approach 
paper to the 9th Five-Year Plan outlines a variety of 
state interventions for poverty alleviation. These include 
programmes for delivering seven basic services on a 
priority basis (drinking water, primary health care, pri¬ 
mary education, public housing, nutritional support, road 
and public distribution systems). Many of these areas 
can be purposefully aided by technologies appropriate 
to the needs and conditions in specific zones, districts 
and blocks. For rural transformation to be engendered, 
the role of S&T has to shift from being a mere tool 
to stimulate employment towards a more encompassing 
responsibility of ensuring growth with equity and sus¬ 
tainability. Relevant technologies and product develop¬ 
ment activities have progressed in the country in one 
laboratory or another. What is needed is to help diffuse 
such developments to distant regions. The crucial element 
in this endeavour is technology management. 

Technology management involves dissemination of 
relevant technology and product information, strength¬ 
ening of consultancy services, development of systems 
around existing institutions for assessing and testing 
technologies and products for application, to facilitating 
initiation and growth of rural enterprises. Activities have 
to be chosen in relation to the local resources and skills. 
The task is stupendous because of the widely dispersed 
rural locations. 

Various endeavours by the Departments of the Gov¬ 
ernment, S&T agencies and the NGOs have so far not 
produced a radical change in the scenario. An outstanding 
exception is the National Dairy Development Board. 
India today is the single largest producer of milk in 
the world. The story of Amul Food and the other dairy 
products is a matter of pride. Lessons can be drawn 
from this success story as well as the mission-oriented 
approach and modern project management techniques, 
which have produced results in our strategic programmes, 
to ensure that no part of our country is isolated from 
the benefits of new technologies. A step in this direction 
is the Technology Management Programme of the Gov¬ 
ernment of India-UNDP Country Cooperation Frame¬ 
work (CCF-1) (1997-2001). This programme will 
experiment with the concept of Rural Technology 
Development Centre (which could be a CSIR laboratory, 
an NGO or an industry R&D laboratory) which will 
serve as a mother centre in the region to cater for the 
technology or product development needs of the Block- 
level Technology Resource Centres. 


Human resources for S&T 

Apart from viable financial support, the most important 
input for R&D is manpower. While India has a large 
strength of S&T personnel of over 6.3 million, the 
number of scientists actually engaged in R&D is only 
about 150,000. The stock of technicians is also not 
large, only about 750,000. The majority of these are 
engaged in Governmental laboratories. 

To match the rise in R&D expenditure to a level of 
2% GNP by the end of the 9th Plan, the present strength 
of R&D personnel should be doubled to 300,000 to 
400,000 by the end of the 9th Plan. A policy as well 
as a set of implementation measures would be needed 
to reach this target by the end of the 9th Plan. 

The strength of R&D manpower and the stock of 
technicians, like expenditure, can grow rapidly if industry 
makes its contributions through induction of R&D per¬ 
sonnel and technicians in substantially larger numbers 
than what is the situation today. These numbers are the 
key to wealth generation from S&T. 

In about the last three decades, there have been 
negative as well as positive trends in the field of human 
resources development. In regard to higher education, 
the positive trend is that the annual student enrolment 
in various courses of study has risen consistently to 
add up to nearly 6,5 million at the end of 1996. However, 
there is a clear drop in the enrolment in basic sciences 
from 30.0 to 19.6% in a matter of three decades. The 
enrolment in engineering and technology has not 
increased significantly, their percentage share currently 
being only about 5% of the total. 

However, an outstanding development, since inde¬ 
pendence, is the setting up of the five IITs (Indian 
Institutes of Technology) starting with the first IIT at 
Kharagpur in the fifties and adding four more (at Kanpur, 
Bombay, Delhi and Madras) in the sixties. The sixth 
IIT has just now come into being at Guwahati. IITs 
have proved themselves to be islands of excellence in 
the area of higher education in engineering and tech¬ 
nology. Hordes of IIT graduates have attracted oppor¬ 
tunities in large numbers in USA, 

In the field of post-graduate education and research 
in engineering and technology the following trends are 
worrisome, (i) The average turnout of Master’s Degree 
holders in engineering technology is only around 5000 
per year and this is against the capacity of more than 
15,000. (ii) The loss of engineering graduates to software 
industry is taking place on a large scale with conse¬ 
quences to post-graduate programmes. On account of 
these negative developments there is an acute shortage 
of teachers with post-graduate qualifications in engineer¬ 
ing and technology. The situation is becoming one of 
concern as expansion in engineering education will have 
to go hand in hand with economic growth, (iii) The 
number of doctorates in engineering and technology 
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being produced annually now is only about 400 and 
90% of them come from only a dozen institutions. 

Several measures are needed to help improve the 
situation in regard to availability of post-graduate engi¬ 
neers and technologists for technology intensive projects 
and programmes. 

A most successful strategy for ensuring the availability 
of scientific and technical manpower in a continual 
fashion for a high technology programme is the one 
used by Homi J. Bhabha. The Department of Atomic 
Energy inducts candidates from a variety of disciplines 
first into their training school. The graduates entering 
the training school go through an year long coaching 
in advanced fields (nearly up to the post-graduate level) 
before they take up their regular Jobs. The superb idea 
here is that the training school inductees are assured of 
a job. 

The concept of an assured placement scheme is 
extremely relevant today. The Government, as well as 
the industry investment, in new technologies, have to 
be supported with trained manpower. Educational pro¬ 
grammes at advanced levels are not merely the respon¬ 
sibility of the Ministry of Human Resource Development. 
Major economic ministries, science departments and 
industries will have to, henceforth, actively participate 
to ensure adequate rate of growth of trained manpower. 

When biotechnology was emerging as a new field, 
the Department of Biotechnology took the initiative to 
promote M.Sc. courses in biotechnology. This has natu¬ 
rally provided trained manpower in this new field as 
more and more biotechnologists were needed in the 
country. The pace of development of communication 
and information technologies is mind-boggling. The coun¬ 
try has to rise to the demands of these emerging fields 
by actively promoting educational programmes and 
institutes in this area. 

The Department of Space and the Department of 
Defence Research & Development have funded a few 
major research centres in academic institutions in fields 
relevant to them. Such initiatives will have to be expanded 
rapidly to include educational programmes in some of 
the high technology areas. Ocean development is another 
emerging area which in future will require trained man¬ 
power in abundant numbers. Department of Ocean 
Development has recently supported a post-graduate 
course in Coastal Aqua Culture and Marine Biotechnol¬ 
ogy in Andhra University and a Unit for Ocean Tech¬ 
nology in IIT Madras. A reference has been made to 
manufacturing technology. Advanced degree courses in 
such fields are yet to take adequate shape i'n the country. 

Improvement in the availability of trained manpower 
in all these fields will be possible only when the 
respective stake holders in the Government and industry 
initiate measures to support advanced teaching and 
training programmes in our institutions. An example of 


a successful link between the industry and a technology 
teaching institution is the University Department of 
Chemical Technology in Mumbai. 

The training of technicians is equally important. 
Advanced countries speak of different levels (e.g. Japan’s 
supertechnicians for micro electronics industry) of train¬ 
ing for technicians in specific fields. Industry as well 
as professional associations have to do much more to 
cope with the demands for trained, and higher-level 
trained technicians. 

There is a need to set up a National Centre of 
Engineering Information (on the lines of National Science 
Information at Bangalore). In this age of information 
super highways, software and other resources are avail¬ 
able on the Internet. In order to use these extensively 
in teaching and research, we need to set up several 
committed groups to download, suitably reorient, package 
and disseminate the software for use in educational 
institutions. 

The government has introduced a number of fiscal 
measures to encourage industry to invest in R&D. A 
governmental innovation in terms of fiscal incentives to 
private industry for inducting scientists as well as trained 
technicians is needed. In the same way, industry could 
be encouraged by the government to support post-gradu¬ 
ate technical education by offering tax incentives for 
the expenditure incurred solely on this account. These 
measures would be in line with the expectation that 
industry should come forward to supplement government 
efforts in an all-round fashion, not only to promote 
R&D investment but also to enlarge the base of utilization 
of R&D personnel. 

International R&D 

Generally, large domestic markets attract R&D invest¬ 
ment from abroad. Although overseas institutions have 
not yet come into the country substantially for joint 
R&D, this should be expected to happen. Domestic 
markets in India are huge in agriculture and health-related 
products. So far, notable R&D initiatives from abroad 
have not been many. Roche Scientific Company (India), 
Mumbai and Astra Biochemicals, Bangalore are recent 
in the area of pharmaceuticals. Astra are not altogether 
new to this country. Astra have been operating a research 
centre for more than seven years in Bangalore, funded 
totally by Astra AB (funding presently is approximately 
Rs 100 million). The objective of the centre has been 
to develop novel, highly selective therapeutics for treating 
diseases such as malaria and tuberculosis. Astra Bio¬ 
chemicals is expected to be a business wing of their 
research centre. Imperial Chemical Industry’s new re¬ 
search laboratory is being envisaged as a centre for 
worldwide research, and not merely research for the 
Indian market. Recent additions to this list are Cray 
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Research Limited, a wholly owned subsidiary of Cray 
(Computers) Research Inc., USA and Uniliver Interna- 
tional Research Centre as part of their international 
research station network. A few others are on the anvil. 

International Advanced Centre for Powder Metallurgy 
and New Materials is a large and promising technology 
development centre, recently set up by the Department 
of Science and Technology in Hyderabad with partici¬ 
pation of five former CIS countries, namely Russia, 
Ukraine, Byelorussia, Moldova and Uzbekhistan. Invest¬ 
ments by the CIS countries have been made through 
contributions by way of equipment and technology for 
the projects. This Centre is an outcome of the Integrated 
Long Term Programme of Cooperation in Science and 
Technology (ILTP) between India and Russia. ILTP 
covers many disciplines and has been underway for a 
decade with the help of a joint science council. Inter¬ 
national Centre for Genetic Engineering and Biotech¬ 
nology (ICGEB) in New Delhi has come into existence 
through UNIDO with support on the Indian side by the 
Department of Biotechnology. 

Cooperation between the Indian and the US academic 
communities has a happy history with several successes 
to its credit. In terms of formal arrangements, the largest 
joint science collaboration until recently has been between 
India and the US. The collaboration agreement benefited 
from the US India Fund (USIF) was instituted through 
the PL 480 scheme. However, with the expiry of the 
scheme, new initiatives will have to take shape. A joint 
Indo-US S&T Forum has just been agreed upon. Depart¬ 
ment of Science & Technology (India) and National 
Science Foundation (USA) will cooperate through a joint 
arrangement. Another recent agreement with US pertains 
to cooperation in earth and atmospheric sciences. 

The Indo-French, Indo-Japan and Indo-Israel joint sci¬ 
ence collaborations have a formal structure in the shape 
of joint science councils, so also the Indo-German and 
Indo-UK cooperative science programmes, all of which 
are growing. In the case of Indo-French collaboration, 
the setting up of a Indo-French Centre for the Promotion 
of Advanced Research has been an effective mechanism 
and has successfully functioned for ten years now. 

The partnerships being entered into by corporate 
entities with overseas companies to take up joint R&D 
is a new trend. Ranbaxy has teamed up with Eli-lily 
to take up R&D jointly in India for discovering new 
drug molecules. Novo Nordisk A/S of Denmark have a 
joint R&D venture with Reddy’s Laboratory in Hyderabad 
to develop a series of molecules for anti-diabetic appli¬ 
cation. Reddy’s Laboratory has a joint R&D programme 
with Debiopharm of Switzerland for developing anti¬ 
cancer drugs. 

R&D is an expensive proposition. Different countries 
have differing strengths and weaknesses. While research 
hardware is not easy to come by in India, manpower 


in western countries is a more expensive commodity. 
With the available research skills in this country, the 
cost effectiveness of R&D in India is a well-recognized 
advantage. Joint R&D provides an effective mechanism 
to exchange knowledge and to intermesh the advantages 
and weaknesses of the participating countries for the 
benefit of accelerating the pace of progress in R&D. 
International R&D is therefore bound to become popular. 
India should design methodologies and strategies to 
profit from this trend. 

Nation’s scientific data 

The subject of scientific data information is not discussed 
often. Every nation generates a vast amount of data on 
a whole range of parameters at a great cost. In the 
modern age, this subject has acquired considerable sig¬ 
nificance. 

We have many organizations in the country today 
engaged in producing relevant data in a wide spectrum 
of fields: topographic maps, meteorological data, geo¬ 
logical resources data, forest surveys, data concerning 
various life forms, both plant and animal, oceanographic 
data, seismological data, public health data, data per¬ 
taining to water resources such as river basins, rainfall 
and irrigation. The gathering of these data is a colossal 
exercise involving several thousand scientists, whose 
painstaking work generally goes unnoticed. Satellite- 
based techniques are a recent development catering for 
the purpose. Data of this type are important for national 
economy and the social relevance arises from the fact 
that some of the areas mentioned above affect dis¬ 
advantaged populations. 

There are many issues associated with the scientific 
data system as a whole. There are also ramifications. 
Scientifically speaking, techniques for measurement are 
getting progressively updated. Deployment of advanced 
techniques, higher resolution in data surveys, precision 
and validation of measured data, use of improved com¬ 
puting techniques for documentation are some of the 
issues demanding attention. 

Further, new developments in science demand 
altogether fresh endeavours and new skills. For example, 
the area of genetic information, which is basically 
information about families. The new genetics has serious 
implications for the legal system, for insurance and 
employment practices. A very large programme would 
be necessary to handle new knowledge and the rapidly 
developing technologies in this field. 

Data of various types are needed for scientific analysis, 
research, forecasting and risk assessment (based on data 
associated with natural disasters). 

An example of data inputs for risk management is 
the project of Department of Ocean Development on 
sea level monitoring and modelling. Part of the activity 
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relates to preparation of 0.5 metre contour interval 
coastal maps of the stretch from Nellore to Machilipatnam 
using aerial photography in the scale of 1 : 25,000. This 
has cost Rs 20 million!. This coastal stretch of the 
Andhra coast is prone to frequent tidal wave attacks. 
The digitized data collected during the mapping activities 
are being used to develop an inundation model, so 
important for risk management. Hopefully financial 
resources will be found to extend this programme to 
other coastal stretches, especially along the east coast 
of India. 

Scientific data are of economic value as they are often 
required for commercial purposes. For example, 
meteorological data have implications to agriculture, 
power, air conditioning industry, tourism, sports, aviation, 
climatic changes and so on. The importance of atmos¬ 
pheric studies is exemplified by what happened following 
the discovery of the ozone hole during an expedition 
to Antarctica. Within two years of that discovery, the 
whole world was sensitized through the Montreal Protocol 
in 1986 and everywhere there is now awareness of the 
importance of air quality. Comprehensive atmospheric 
analyses with respect to pollutants such as carbon dioxide 
and methane have national and international implications. 
International scientific efforts at measurement and analy¬ 
sis to confirm or discard notions about global warming 
and sea level rise are well known. 

Therefore, the realm of scientific data pertaining to 
a range of systems, land, sea and atmosphere, and life 
forms, constitute a national issue of public importance. 
In any given aspect of these systems, data gathering 
itself is a massive and time-consuming job. It is a large 
endeavour also to take stock of the availability of such 
scientific data, the quality of the data archived and the 
adequacy of the methods and the techniques adopted 
for ensuring the required standards of data quality. The 
use of such data bases for the benefit of the public 
and the national scientific effort calls for a re¬ 
examination of the current policies governing access to 
such data to ensure informed public opinion and 
encourage value-addition to the acquired data through 
both public and private enterprise without jeopardizing 
national security interests. 

Emerging pressures 

Presently, the trend in every field is towards globaliza¬ 
tion - in politics, economy, culture and S8cT. The key 
factors are interdependence and the aspiration to harness 
human intellect for common good. Declarations have 
been made to move towards universal principles of 
equality, liberty and democracy. 

Earth Summit of 1992 in Rio-de-Janeiro was a major 
event. Nearly the entire world came together to establish 
a new global partnership. Agenda 21 commits all states 


to engage in a continuous and constructive dialogue, 
keeping in view the increasing interdependence of the 
community of nations and calls for sustainable develop¬ 
ment to become a priority item on the Agenda of the 
international community. 

In certain areas of technology requiring massive funds 
and multiple inputs (e.g. high energy physics, fusion 
energy) cooperative R&D between nations is becoming 
the only way for the efforts to be viable. Even in less 
demanding areas, as pointed out earlier, international 
cooperation is growing because of advantages arising 
from complementarity. India’s joint science programmes 
with other countries have been a rewarding experience. 

Despite the declarations about global partnership and 
notwithstanding cooperative scientific endeavours, trans¬ 
fer of technology across the seas does not always occur. 
India’s attempts to acquire technologies have often met 
with obstacles, even in instances where the goal was 
to introduce clean technologies which is of international 
interest. 

Before the Second World War, embargoes existed 
only in times of war. Strangely, during the 50 years of 
relative peace, technology control regimes have been 
evolved in several areas to deny countries such as India 
the fruits of S&T in a universal and nondiscriminatory 
manner. Leading edge technologies are sought to be 
denied, not so much in exercise of the profit motive of 
individual companies, which is understandable. The 
denial sometimes seems to be governed by arbitrary 
political considerations and this is not only in high 
technology areas. The problem is compounded by dis¬ 
parate views of applying free trade in some areas and 
control regimes in others. 

All this is as inexplicable as it is illogical. Independent 
India has always been a highly responsible member of 
the comity of nations. Indians position on all issues of 
international importance has been constructive, be that 
on chemical weapons, or narcotic drugs, or nuclear 
proliferation or what have you. We have never asked 
for anything more than fairness and a level playing 
field. And yet efforts continue to be made to deny India 
the opportunities for growth, opportunities to undo some 
of the wrongs done to it by history. 

There are now pressures arising from WTO and other 
multilateral arrangements where intellectual property 
rights are actively discussed. A case in point is the 
recent grant of a US patent for the use of turmeric 
powder as a wound-healing agent. CSIR took this up 
and has succeeded in having the patent nullified. This 
is a significant event for the protection of traditional 
Indian knowledge base. The lesson is to mount efforts 
to acquire capabilities to deal with the complexities of 
external attitudes and the challenges under regimes such 
as WTO. 

Indian research capabilities have to be geared to 
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contend with the inevitable pressures of a competitive 
world and aim definitively at securing gains for the 
country through innovations. This may seem unfamiliar 
ground now but cannot remain so for long, once we 
decide to equip ourselves appropriately. 

It has become all the more imperative for us to get 
our S&T act together. Debates like basic science versus 
applied science, strategic science versus societal science 
have to be put aside. Existing capabilities have to be 
consolidated and new ones have to be acquired. All-round 
progress is essential to cope with the demands that will 
continue to be made on our scientific resources and 
technological developments. 

Concluding remarks 

In retrospect, it is clear that the country has taken many 
strides in S&T in the last fifty years. Considering the 
situation that prevailed in 1947, the progress that has 
been made in several areas since then does us proud. 
The Government has so far been a dominant supporter 
of S&T. We owe this to the political leadership, 
regardless of the party in power. Presently several urgent 
measures are needed to revitalize our science infrastruc¬ 
ture for which interventions are required. 

Looking forward to the future, bold new approaches 
are needed to harness S&T for faster economic growth. 
Government has a role in facilitating this, not industry 
alone, as is generally believed. 


We need to strengthen existing mechanisms, and create 
new structures where necessary, to promote indigenous 
technology, to protect it from foreign competition until it 
stabilizes and to acquire technologies from elsewhere, if 
possible. We also have to absorb the imported technologies 
and build complementary strengths. The Government and 
its agencies have to help provide bridging inputs and 
cover, in reasonable measure, the risk element. However, 
it is industry which is best placed to commercialize 
technologies. For all these, visionary policies are necessary. 
I fervently hope that the pointed suggestions made in this 
article will receive favourable consideration. 

As behoves a great country, India has pursued a policy 
of self-reliance since independence. When we are today 
subject to competition and controls, we only need to 
strengthen this fibre of self-reliance. The foundations 
that we have laid in S&T, along with our strong 
democratic polity, have ensured India’s stability 
through vicissitudes of the developmental process. These 
are bound to stand us in good stead in the face of 
multifarious pressures as we move into the next 
millennium to build a strong India. India’s large size, 
abundant natural resources and vast human skills bear 
the potential to make India a prominent world power 
and a force for good. Our goal must be to realize this 
potential. 

Received 19 January 1998; accepted 22 January 1998 
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Science in India - A profile based on India’s 
publications as covered by Science Citation 
Index 1989-1992 


Subbiah Arunachalam*, R. Srinivasan and Vidyalakshmi Raman 

With a view to mapping scientific research in India, we have analysed papers originating in 
India and indexed in the CD-ROM version of Science Citation Index (SCI) in the four years 
1989—1992. With more than 10,000 papers in each year (more than 42,000 papers in about 
2,300 journals indexed in SCI in the four years), India is the twelfth largest publishing nation, 
down from eighth in 1980. Italy, the Netherlands, Australia and Spain have published more 
papers than India in journals indexed in SCI in 1992. Chemistry and physics account for the 
bulk of the papers, followed by engineering and clinical medicine. India’s contribution to areas 
such as classical biology and agriculture is not properly reflected in SCI. as many journals 
in which Indian scientists publish are not covered by SCI. Although most Indian papers appear 
in low impact journals, the number of papers appearing in leading journals of the world, 
especially in the areas of physics, chemistry and materials science is increasing, even if only 
marginally. Also, the number of papers appearing in foreign journals as a whole, as well as 
the average impact factor of journals in which Indian scientists have published their work, is 
increasing, reflecting the increasing awareness among Indian scientists for the need to publish 
in high-impact journals. While the slide from the eighth to the twelfth position - from 2.8% of 
the world literature to about 2.0% —should be of concern, the-increasing use of high impact 
journals is a welcome trend. In this macrolevel analysis we have looked at India as a whole 
and have not attempted to analyse the data at lesser levels of aggregation. 


This study is based on the premise that the literature 
of science is a reasonably good mirror of a country’s 
level of participation in the worldwide enterprise of 
scientific research and the belief that an inventory of 
research publications, besides reflecting the country’s 
endogenous research capacity, can form the basis for 
science policy making. 

India has a large S&T establishment, and a large 
population of science and engineering graduates who 
are active in reseai'ch. The Department of Science and 
Technology (DST) of the Government of India has 
estimated that in 1992 there were more than 117,000 
scientists and engineers engaged in research and deve« 
lopment activity in India. Most of the more than 220 
universities and institutes of higher learning have science 
and engineering faculties and many of these are active 
in research and contribute research papers to both Indian 
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and foreign journals. Apart from universities, colleges 
and institutions of higher learning, there is also a whole 
range of government-funded laboratories under the 
Department of Atomic Energy, Department of Space, 
Council of Scientific and Industrial Research, Defence 
Research and Development Organization, Indian Council 
of Agricultural Research, Indian Council of Medical 
Research, etc. Besides, there are many R&D laboratories 
of private and public sector companies and other non¬ 
governmental organizations. Thanks to the incentives 
given by the Government of India under the scheme of 
recognition of such R&D laboratories (for tax conces¬ 
sions) operated by the Department of Scientific and 
Industrial Research (DSIR), there has been a considerable 
growth in the number of such laboratories. Lists of R&D 
laboratories and public and private sector industrial R&D 
units are available from Indian National Scientific Docu¬ 
mentation Centre (INSDOC) and DST respectively^’^. A 
comprehensive list of Indian higher educational institu¬ 
tions is available from the Association of Indian Uni¬ 
versities (AIU)^. AIU has also published handbooks of 
engineering, medical, agricultural and management edu- 
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cation"^"^, each one of which lists relevant institutions. 

India invested more than Rs 51,410 million (approx. 
$1,460 million) or about 0.83% of her GNP on R&D 
in science and technology in the fiscal year 1992-93. 
Indeed, the amount invested on scientific research has 
been increasing from year to year; however, as a per 
cent of GNP, of late, there has been a decline in 
investment on R&D. In 1989-90, the figure was 0.93%, 
and it came down to 0.85% in 1990-91 and 0.84% in 
1991-1992 (ref. 8). As expected, bulk of the investment 
came from the Central Government. The industry’s con¬ 
tribution is meagre, but is rising steadily. In 1992-93, 
private industry accounted for 15% of the total investment 
on scientific research, as against 11.4% invested by 
public sector industry^ 

No wonder that with so much being invested on 
research and so many centres performing research in a 
wide spectrum of fields ranging from andrology and 
astronomy to zoology and covering almost all subfields 
of science, engineering and technology, medicine, and 
agriculture, India accounts for a very large number of 
research papers. 

It is our purpose to quantify the publication output 
of India. This is not an easy task as it may appear. In 
most developing countries authentic statistics of any kind 
is difficult to come by, and India, even if the situation 
here is considerably better than in most developing 
countries, is no exception. We will not be looking at 
prolific institutions, individuals and cities or states in 
this study. We will be looking at India as a whole. 

Indian researchers publish their work in a wide range 
of journals, published from many countries. Not all of 
these journals are indexed in secondary services. There¬ 
fore, it will be virtually impossible to identify all the 
research papers published by Indian researchers. Even 
annual reports of reputed institutions do not always 
provide comprehensive lists of publications. For our 
mapping exercise, we decided to count only those papers 
which are covered in major international databases. 
Wherever possible, we downloaded data from CD-ROM 
databases. In this paper, we provide an analysis of 
papers from India that were indexed in the CD-ROM 
version of Science Citation Index {SCI) in the four years 
1989-1992. Arunachalam and co-workers have carried 
out similar analyses of India’s contribution to medi- 
cine^’^^^, materials science*', mathematics'^, physics'^ etc. 
as seen from appropriate international secondary services. 
Reports on India’s contribution to biology and agriculture 
are under preparation. There have been a few studies 
looking at India’s contribution to the scientific literature 
based on but none of them as comprehensive 

as this study, 

SCI covers approximately 3,300 journals, covering a 
wide range of subjects. It is the only truly multidisci¬ 
plinary science database in English. Journals for coverage 


are chosen largely based on their significance as seen 
from citations received by papers published in them. 
Other criteria used in selection of journals are peer 
judgement, timely publication, good editorial practice, 
etc. 

Unlike most other databases, SCI provides the complete 
postal addresses of all the authors of papers it indexes. 
Through multiple access points, it is possible to access 
and retrieve effectively and efficiently the world’s sig¬ 
nificant literature of science. Thanks to the excellent 
software used, the CD-ROM version has become even 
more attractive than the print version. No wonder then 
more scientometric studies are carried out using SCI 
than any other database. SCI is also available on magnetic 
tape and online and these cover a larger number of 
journals and articles than the CD-ROM version does. 

Analysis 

India’s position, in terms of number of papers published 
as seen from the CD-ROM version of SCI, varied 
between eleventh and twelfth during the four-year period 
1989-1992 (Table 1). To see India’s share in the world 
literature of science and technology in perspective, we 
looked at the numbers of papers published by twenty 
other leading publishing countries. Throughout this 
period, the US retained the top position with the UK 
being a distant second. As is to be expected, the G-7 
countries and the Soviet Union were the prolific pub¬ 
lishing nations. India’s rank was eighth in 1980. Surely, 
there has been a decline in the number of papers 
published by Indian researchers as seen from SCL As 
pointed out by Tibor Braun and colleagues, India had 
47,372 papers (2.1% of the world’s papers) in SCI in 
the second half of the 1980s (1985-1989), as against 
57,655 papers (2.8% of the world’s papers) in the first 
half (1980-1984). In the early nineties, India’s share 
has declined to about 2% as seen from Table 2, One 
reason for this decline is the fall in the number of 
Indian journals indexed in SCL There were times when 
SCI indexed 40 Indian journals (in 1979), but now it 
indexes less than a dozen‘^“"'. Several Indian journals 
have failed to retain their place in SCI, largely because 
they do not meet the criteria for inclusion in SCL 

In each one of the four years 1989-1992, India had 
published only about 2% of the world’s output of papers, 
but has used nearly half the number of the more than 
3,300 journals indexed in SCI (Table 2). SCI indexes 
different categories of papers. India’s contributions are 
mostly in the form of articles, followed by notes. The 
proportion of articles has increased from 75.4% in 
1989 to 80.5% in 1992, but there has been a fall in 
the proportion of notes (from 17.8% to 11.9%) and 
letters (4.2% to 3.7%). About 1% of India’s papers are 
reviews. 
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Tabic 1. The relative position of India in terms of number of papers published as seen from SCI 1989-*-1992 

(Numbers in parantheses denote rank) 


Country 

1989 

1990 

1991 

1992 

Total 

USA 

203,106 (1) 

226,023 (1) 

224,955 (1) 

241,146 (1) 

895,230 

UK 

53,169 (2) 

.54,855 (2) 

54.536 (2) 

59,420 (2) 

221,980 

Japan 

40,914 (3) 

44,048 (3) 

44,.521 (3) 

50,066 (3) 

179,549 

Germany 

33,879 (5) 

34,960 (4) 

40,378 (4) 

44,512 (4) 

153,729 

Soviet Union 

34,223 (4) 

34,081 (5) 

32,838 (5) 

34,842 (5) 

135,984 

France 

28,732 (6) 

29,293 (6) 

30,102 (6) 

34,158 (6) 

122,285 

Canada 

24,892 (7) 

26,776 (7) 

27,181 (7) 

29,213 (7) 

108,062 

Italy 

15,865 (8) 

16,777 (8) 

17,803 (8) 

20,312 (8) 

70,757 

The Netherlands 

11,986(10) 

12,829 (9) 

12.699 (9) 

14,004 (9) 

51,518 

Australia 

12,039 (9) 

12,298(10) 

12,592(10) 

13,547 (10) 

50,476 

India 

10,426(11) 

10,103(12) 

10,468 (11) 

11,160(12) 

42,157 

Sweden 

9965 (12) 

10,152(11) 

10,125(12) 

10,766 (13) 

41,008 

Spain 

7638 (13) 

8560(13) 

9369 (13) 

12,122(11) 

37,689 

Switzerland 

7596(14) 

8337 (14) 

8624 (14) 

9777 (14) 

34,334 

P R China 

5491 (16) 

6509(15) 

6630 (15) 

7630(15) 

26,260 

Israel 

6262(15) 

6211(16) 

6206 (16) 

6755 (16) 

25,434 

Belgium 

5207 (17) 

5517(17) 

5643 (17) 

6259 (17) 

22,626 

Denmark 

4930 (19) 

5055 (18) 

5102(18) 

5796 (18) 

20,883 

Poland 

5149(18) 

5002 (19) 

4972 (19) 

5400 (19) 

20,523 

Czeckhoslovakia 

3322 (20) 

3424 (20) 

3328 (20) 

3852 (20) 

13,926 

Hungary 

2385 (21) 

2349 (21) 

2504 (21) 

2671 (21) 

9909 


Contribution to different fields 

SCI categorizes the journals it covers into many subfields 
and these have been clubbed into eight major subjects 
by Francis Narin of CHI Research Inc. Indian researchers 
had used 2,316 journals to publish more than 42,000 
papers in the four years 1989-1992 (Table 3). Nearly 
one-fourth of India’s papers are in the field of chemistry, 
about 18% in physics and 13% each in engineering and 
clinical medicine. Biology (including agriculture) 
accounts for just about 12%. Because of Institute for 
Scientific Information’s (ISI) selection policy, which 
aims at covering only the significant journals and not 
a comprehensive coverage of journals, a very large 
number of Indian biology and agriculture journals are 
not indexed in SCI. BIOSIS covers more than 100 Indian 
journals and CAB Abstracts about 280. Unlike in physics 
and chemistry, where Indian researchers used a relatively 
smaller number of journals, in medicine they have used 
a larger number of journals. The average number of 
papers published (per journal used) is four times larger 
in physics and chemistry than in medicine. This could, 
at least in part, be explained by the fact that there are 
too many specialities in medicine, each having its own 
set of journals. The number of papers published and 
number of journals used in each one of the subfields 
of the eight subject categories are provided in a report 
submitted to the DST, New Delhi. The number of papers 
in all these subfields add up to far more than the actual 
number of papers published by Indian researchers. This 
is because some journals are included in more than one 
subfield. For example, Acta Tropica published from 
Switzerland is classified under biology, parasitology and 
tropical medicine; Alcohol, a UK journal, is classified 


under pharmacology, substance abuse and toxicology; 
and International Journal of Hydrogen Energy (UK) is 
classified under energy, environmental science and atomic 
physics. 

In Table 4, we list the 20 journals in which Indian 
researchers have published most often and give both 
the number of papers published in each of the four 
years and the rank. Also given are the impact factors 
of journals as seen from Journal Citation Reports 1992 
and the journal country. The first four journals are from 
India, and there are five Indian journals in the top ten. 
Among the foreign journals. Journal of Materials Science 
Letters and Physical Review B are the ones most often 
used, followed by Astrophysics and Space Science, Physi¬ 
cal Reveiw A and Journal of Applied Polymer Science. 
Indeed, in a way, this set of journals reflects areas of 
strength of Indian science. Materials science, astronomy 
and astrophysics and polymer science are among the 
fields perceived to be strong in India by a team of 
American experts^^ Apart from Indian Journal of Medical 
Research Sections A and B, the list of most often used 
61 journals (each one of which has carried 100 or more 
papers from India in the four-year period) contains only 
three medical journals, viz. International Journal of 
Cardiology, Lancet and International Journal of Leprosy. 
Also conspicuous is the absence of mainstream engi¬ 
neering journals. Apart from materials science journals, 
there are only two journals that can be considered 
engineering ioumdXs — Microelectronics and Reliability 
and Fuzzy Sets and Systems. While there are many 
chemistry journals in this list, there is hardly any devoted 
to chemical engineering. Again, there are many physics 
journals but none devoted to mainstream electrical 
engineering or mechanical engineering where Indian 
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scientists have published at least 100 papers in four 
years. Perhaps, Indian medical and engineering 
researchers publish their work in many journals, con¬ 
tributing fewer articles (than the threshold we have 
chosen) in each of them. Or probably, unlike their 
Chinese counterparts, Indian researchers, with a few 
exceptions, while being comfortable with routine pro¬ 
blems in basic science, fight shy of working in areas 
which lie in the interface of basic research and devel¬ 
opment. This is also reflected in the rather low number 
of patents, especially commercially exploitable patents, 
filed by Indian researchers. Leaders of science like R. A. 
Mashelkar, Secretary to the Government of India in the 
DSIR, are now taking steps to bring in a culture of 
patenting. 

Use of high-impact journals 

To have an idea of what proportion of Indian papers 
in different fields appears in journals of different impact 
factor ranges, we analysed all Indian papers covered in 


Table 2, Total number of papers from India and the world 
indexed in SCf 1989-92 




1989 

1990 

1991 

1992 

Papers 

World* 

India^ 

Rank 

559,399 

10,426 

11 

590,841 

10,103 

12 

590,306 

10,468 

11 

639,198 

11,160 

12 

Journals 

World 

3,170 

3,192 

3,213 

3,241 

used 

India 

1,531 

1,525 

1,579 

1,612 


*These numbers are taken from the printed version of the SCf guide. 
These numbers are obtained from the CD-ROM version of SCf, which 
covers considerably lesser number of journals and papers than the 
magnetic tape/online edition of SCf. 


just one year of SCI , viz. 1992. This is essential as 
the impact factor depends on several factors and varies 
from field to field. The results are presented in Table 
5. The impact factors of journals are increased in steps 
of 0.5, and under each subject category both the number 
of journals falling under the given impact factor range 
and the number of papers published in these journals 
are listed. Journals classified under more than one field 
are included in more than one field. Overall, a little 
over 60% of Indian papers indexed in SCI 1992 have 
appeared in journals whose impact factor is less than 
1.0 and about 6% of papers in journals of impact factor 
greater than 3.0. 

Some significant facts revealed by this table are: 267 
papers in physics (10.9%), 85 papers in chemistry (3.1%), 
and 147 papers in clinical medicine (8.6%), 46 papers 
in biology (3.2%), and 150 papers in biomedical research 
(12.8%) were published in journals whose impact factors 
are greater than 3.0. In the area of engineering and 
technology, 46 papers (2.3%) were published in six 
journals with an impact factor higher than 2.0. In all, 
187 papers had appeared in journals with impact factor 
greater than 5.0. Most of these papers in high impact 
journals have come from clinical medicine (67 papers), 
biomedical research (42), and physics (39). 

It is significant that although the overall performance 
in medical research in India is perceived to be poor“”’^^ 
it is clinical medicine and biomedical research which 
account for the bulk of the papers in high impact 
journals. In the four years studied, Indian researchers 
have published just ten papers in journals of impact 
factors higher than 10.00 in the areas of physics and 
chemistry: seven in Chemical Reviews, and one each in 
Advances in Chemical Physics, Reviews of Modern Phys¬ 
ics and Surface Science Reports, In contrast, India has 


Tabic 3. Distribution of Indian papers by major subjects as seen from SCI 1989-92 


Subject 

Journals 

Papers 

No.'’ 

% 

No. 

% 

Chemistry (8) 

243 

10.5 

10,181 

24.2 

Physics (12) 

161 

6.9 

7525 

17.9 

Engineering & technology (21) 

321 

13.9 

5646 

13.4 

Clinical medicine (34) 

582 

25.1 

5533 

13.1 

Biology (21) 

393 

17.0 

5118 

12.1 

Biomedical research (13) 

353 

15.2 

3979 

9.4 

Earth & space (9) 

122 

5.3 

1713 

4.1 

Mathematics (5) 

102 

4.4 

551 

1.3 

Others (5) 

39 

1.7 

1911 

4.5 

Total 

2316 

100.0 

42,157 

100.0 


*‘The numbers given in parantheses are the number of subfields under which the subject is classified 
in SCI guide. For example, Chemistry is classified under 8 subfields. 

'’Number of unique journal titles which published an article from India in at least one of the four years 
1989-1992. Also, if the same title is classified by SCI under more than one major subject category, it 
is included under only one category, viz. the one which appears first alphabetically. 

Journals with changed titles are counted as two different journals, e.g. Journal of Physics C-Solid 
State Physics is now known as Journal of Physics - Condensed Matter. 


436 


CURRENT SCIENCE, VOL, 74, NO. 5, 10 MARCH 1998 




GENERAL ARTICLES 


Table 4. Number of papers published by Indian researchers in journals most often used by them* 


Journal 1989-92 

Journal IF92 country 1989 1990 1991 1992 Total 


Current Science 

Indian Journal of Chemistry Section B - Organic Chemistry 
including Medicinal Chemistry 

Indian Journal of Chemistry Section A - Inorganic Biodnorganic 
Physical Theoretical & Analytical Chemistry 

Pramana-Journal of Physics 
Journal of Materials Science Letters 
Physical Review B - Condensed Matter 
Astrophysics and Space Science 

Indian Journal of Medical Research Section A - Infectious Diseases 

Physical Review A 

Journal of Applied Polymer Science 

Phytochemistry 

Biochemistry International 

Solid State Communications 

Journal of Materials Science 

Tetrahedron Letters 

Syn the tic Com m un icati on s 

Proceedings of the Indian Academy of Sciences - Chemical Sciences 

Journal of Applied Physics 

Physica Status Solidi B - Basic Research 

Indian Journal of Medical Research Section B — Biomedical Research 
other than Infectious Diseases 


0.253 

IND 

572 

334 

277 

309 

1492 

0.275 

IND 

355 

268 

270 

219 

1112 

0.357 

IND 

328 

309 

238 

219 

1094 

0.390 

IND 

131 

109 

100 

102 

442 

0.511 

UKD 

98 

87 

80 

109 

374 

3.259 

USA 

81 

76 

93 

109 

359 

0.325 

NLD 

84 

84 

113 

60 

341 

0.227 

IND 

79 

96 

65 

80 

320 

2.157 

USA 

62 

72 

85 

99 

318 

0.969 

USA 

56 

86 

79 

88 

309 

1.133 

UKD 

91 

71 

70 

72 

304 

0.697 

AUS 

66 

73 

86 

71 

296 

1.369 

USA 

62 

70 

82 

82 

296 

0.798 

UKD 

55 

68 

71 

77 

271 

2.321 

UKD 

57 

70 

67 

72 

266 

0.716 

USA 

77 

76 

56 

47 

256 

0.387 

IND 

57 

83 

51 

62 

253 

L532 

USA 

53 

63 

67 

59 

242 

0.568 

DEU 

64 

48 

64 

57 

233 

0.172 

IND 

0 

73 

90 

68 

231 


*Indian researchers have published 100 or more articles in 61 journals in the four years considered. 


contributed 146 papers to clinical medicine journals of 
impact factor greater than 10.00, including 122 in Lancet 
(UK), and nine each in New England Journal of Medicine 
and Clinical Research (USA). However, one should not 
be misled by numbers. The ten papers in the physical 
sciences are all substantial reviews, whereas the bulk 
of the papers in the clinical medicine journals are letters 
to the editor. Also, clinical medicine and biomedical 
research have many journals with high impact factors, 
whereas such journals are very few indeed in physics 
and chemistry. 

Classification of journals countrywise 

It is interesting that Lancet, the high impact medical 
journal from Britain, has published 30 papers from India 
in 1992, and its US counterpart, the New England 
Journal of Medicine, has not published a single paper 
from India as seen from SCI 1992. The British-American 
divide, as far as Indian scientists are concerned, is not 
restricted to medical journals alone. It seems to extend 
to the two most well-known multidisciplinary journals, 
viz. Nature and Science. In the four years, there were 
68 papers from India in Nature (of which 28 are articles 


and 37 are letters to the editor), and only five in Sciencel 
There could be many reasons for this phenomenon, such 
as page charges levied by American journals, editors’ 
attitude and India’s long-term links with the UK"'’’^^. 

Indian researchers use American and British journals 
to a very large extent. In the four years 1989-1992, 
nearly 28% of India’s papers had appeared in 854 US 
journals and 25% in 549 British journals. They had 
also used 248 journals published in the Netherlands to 
publish 5868 papers. Twelve Indian journals were used 
to publish 5,504 papers. In all they have used journals 
from 38 countries. 

Classification of journals by countries of origin is not 
all that straightforward. While Indian Journal of Chem¬ 
istry and Current Science are 100% Indian journals, 
journals published by many commercial publishers in 
the West cannot be said, with the same level of certainty, 
to belong to a single country. For instance. Nature, 
probably the most visible scientific journal, published 
by Macmillan Magazines Ltd, has its main office in 
London. That is where its editor functions from. But 
Nature has also editorial offices in Washington DC, 
Munich, Paris and Tokyo which are far more than mere 
outposts. They also receive manuscripts and carry out 
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editorial functions. The Elsevier Group, one of the 
largest publishers of scientific and technical journals, 
brings out journals under different imprints and from 
different countries. They have publishing operations in 
Amsterdam, Lausanne, New York, Oxford and Paris. 
Most journals published by such companies have uni¬ 
versity professors and other laboratory scientists drawn 
from different countries as editors. For instance, Journal 
of Electroanalytical Chemistry and Interfacial Electro- 
chemistiy is currently edited by Roger Parsons of the 
University of Southampton, with T. J. VanderNoot of 
the University of London as the Assistant Editor and 
W. R. Fawcett of the University of California at Davis 
as the North American Editor. In this paper we have 
assigned countries to journals from the SCI Guide. 

C. N. R. Rao, one of India’s visible scientists, suggests 
that it is becoming increasingly difficult for Indian 
scientists to get their papers published in important 
journals of the world, especially in the experimental 
sciences. However, our data indicate that there has not 
been any noticeable decline, during the four years studied, 
in the number of papers published by Indian researchers 
in important foreign journals, such as Astrophysical 
Journal, Physical Review C, Physical Review Letters, 
Journal of Chemical Physics, Journal of Materials Sci¬ 
ence, Journal of Physical Chemistry, Journal of Organic 
Chemistry and Tetrahedron Letters. Of the 61 journals 
in which Indian scientists have published 100 or more 
papers in the four years, eleven have an impact factor 
of greater than 2.0: Physical Review B (3.259; 359 
papers). Physical Review A (2.157; 318), Tetrahedron 
Letters (2.321; 266), Chemical Physics Letters (2.686; 
175); Physical Review D (2.587, 171), Physics Letters 
B (3.438; 171), Physica C (2.044; 166), Journal of the 


Chemical Society-Chemical Communications (2.511; 
153), Lancet (15.940; 122), Journal of Physics A (2.189, 
112), and Journal of Physics B (2.268, 102). In all 
these journals, Indian papers have appeared above a 
threshold level throughout the four-year period studied 
(Figure 1). Indeed, in the four years studied, there has 
been a considerable increase in the number of papers 
published by Indian scientists in foreign journals as a 
whole, which rose from 8,751 in 1989 to 9,958 in 1992, 
and in many high-impact journals, especially in the areas 
of physics and chemistry. In contrast, there was a 27% 
decline in the number of papers published in the 12 
Indian journals indexed in SCI-from 1,675 in 1989 to 
1,202 in 1992. 

In Table 6, we provide some citation based indicators. 
The ISI, publisher of SCI, provides for each journal it 
indexes in SCI an impact factor which is a measure of 
how often articles published in a journal are cited, on 
average, in subsequent literature. Not all articles pub¬ 
lished in a journal will be cited the same number of 
times. Some will be cited more often than the others. 
Also, the larger the number of articles a journal published 
the greater the possibility of the journal being cited. To 
neutralize this advantage accruing to journals publishing 
a large number of articles, the impact factor is calculated 
on a per article basis. ISI calculates impact factors of 
journals every year, and the values vary from year to 
year. In this paper, we have used the impact factor 
values given in Journal Citation Reports 1992. In general, 
the higher the impact factor of a journal, the greater 
will be the difficulty of publishing a paper in that 
journal. For example, Indian researchers had not pub¬ 
lished a single paper in Cell (impact factor 33.617) or 
Annual Review of Biochemistry (35.500) in the four 


Table 5. Number of journals used and number of papers published as indexed in 5C/-1992 categorized under subjects and impact factors 

of journals 


Impact 

factor 

range 

Chemistry 

Physics 

Eng. &. Tech. 

Clin. 

Med. 

Biology 

Bio Med. 

Earth & Spac 

Maths 

Others 

Total 

papers 

Papers 

% 

Jrl 

Pap 

Jrl 

Pap 

Jrl 

Pap 

Jrl 

Pap 

Jrl 

Pap 

Jrl 

Pap 

Jrl 

Pap 

Jrl 

Pap 

Jrl 

Pap 

0.00 

3 

93 

6 

34 

5 

10 

13 

23 

7 

12 

7 

23 

3 

15 

1 

1 

2 

2 

199 

1.78 

> 0.0 < 0.5 

42 

881 

31 

496 

129 

688 

82 

460 

89 

385 

33 

186 

26 

201 

40 

128 

11 

381 

3431 

30.74 

> 0.5 < 1.0 

56 

663 

41 

506 

100 

944 

no 

440 

116 

628 

70 

334 

28 

113 

22 

89 

4 

15 

3129 

28.03 

^ 1.0< 1.5 

49 

473 

42 

485 

28 

256 

89 

348 

47 

270 

49 

214 

25 

100 

3 

10 

3 

11 

1801 

16.14 

> 1.5 <2.0 

27 

293 

23 

283 

17 

78 

53 

156 

19 

69 

38 

141 

13 

59 

1 

2 

2 

5 

966 

8.66 

>2.0 <2.5 

10 

122 

12 

245 

4 

35 

31 

81 

11 

24 

25 

91 

3 

7 

0 

0 

1 

1 

533 

4.78 

> 2.5 < 3.0 

9 

115 

9 

137 

1 

8 

18 

54 

4 

8 

10 

33 

4 

47 

0 

0 

0 

0 

394 

3.53 

>3.0 <3.5 

2 

62 

7 

207 

0 

0 

8 

24 

4 

26 

8 

30 

2 

8 

0 

0 

0 

0 

355 

3,18 

^3.5 <4.0 

3 

5 

1 

21 

1 

1 

7 

20 

1 

2 

6 

71 

1 

1 

0 

0 

0 

0 

118 

1,06 

> 4.0 < 4.5 

1 

4 

0 

0 

0 

0 

11 

33 

2 

3 

4 

5 

0 

0 

0 

0 

0 

0 

42 , 


>4.5 <5.0 

0 

0 

0 

0 

0 

0 

3 

3 

0 

0 

2 

2 

0 

0 

0 

0 

0 

0 

5 


>5.0 <7.5 

3 

14 

4 

37 

1 

2 

9 

26 

0 

0 

6 

32 

0 

0 

0 

0 

0 

0 

109 ' 

. 2.1 

>7.5< 10 

0 

0 

1 

1 

0 

0 

2 

7 

0 

0 

2 

7 

0 

0 

0 

0 

0 

0 

9 


> 10.0 

0 

0 

1 

1 

0 

0 

3 

34 

2 

15 

3 

3 

0 

0 

0 

0 

2 

17 

69 J 





















11160 

100.0 

Total 

205 

2725 

178 

2453 

286 

2040 

439 

1709 

302 

1442 

263 

1172 

105 

551 

67 

230 

25 

432 

1870 

12754 


II.O 

21.4 

9.5 

19.2 

15.3 

16.0 

23.5 

13.4 

16.1 

11.3 

14.1 

9.2 

5.6 

4.3 

3.6 

1.8 

1.3 

3.4 
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years 1989—1992 as seen from SCI. There was only one 
paper each from India during 1989-1992 in Advances 
in Chemical Physics (10.529) and Microbiological Re¬ 
views (16.121), and two papers in Trends in Biochemical 
Sciences (15.788). The average impact factor, calculated 
taking the impact factor of journals in which at least 
one of India’s papers had appeared, is given in rows 


3 5 for all papers, papers in Indian journals, and papers 
in foreign journals respectively. Between 1989 and 1992, 
as seen from rows 3 and 5, there has been a perceptible 
increase in the impact index (calculated on the basis of 
impact factors of journals in which Indian researchers 
have published their papers) of papers published in all 
journals and in non-Indian journals. 


120 

no 

100 

90 

80 

70 

60 

60 

12^ 3 4 6 6 

JourHaia 

Phya Rev B} 2 - Phya Rev Aj 3 - J Appl Polym 3clr 4 - Solid-State Commyr; 
6 - J Mater S 9 I; 6 ^ Tetrahedron Let-tera 



I'lUiirc L Six selected journals with at least 50 Indian papers in each of the four years (Source- 
SCI 1989-1992). . . ■ 


Table 6. Some impact indicators for Indian papers indexed in SCI 1989-1992 


Years 




1989 

1990 

1991 

1992 

1 

Total papers 

10,426 

10,103 

10,468 

11,160 

2 

Total journal titles 

1531 

1525 

1579 

1612 

3 

Average impact factor/paper 

1.072 

1.103 

1.191 

1.200 

4 

Average impact factor/paper 

0.251 

0.248 

0.249 

0.287 


(Indian journals) 

(1675) 

(1413) 

(1214) 

(1202) 

5 

Average impact factor/paper 

1.229 

1.242 

1.315 

1.311 


(non-Indian journals) 

(8751) 

(8690) 

(9254) 

(9958) 

6 

Average impact factor'-^/paper 

1.101 

1.134 

1.213 

1.221 

7 

Average impact factor/Jrl 

1.181 

1.201 ■ 

1.260 

1.262 

8 

Average impact factor’^'/Jrl 

1.216 

1.235 

1.297 

1.295 

9 

Papers with IF = 0 

277 

275 

189 

199 

10 

Journals with IF = 0 

43 

42 

46 

41 


3 Average impact factor/paper includes journals with impact factor = 0 journal impact 
factor = 0 may be 

i. as seen from SCI 

ii. new journal (not yet calculated) 

iii. change of journal name and no impact factor assigned. 

4 Restiicted to Indian journals, based on criteria in (3). 

5 Restricted to non-Indian journals, based on criteria in (3), 

6 Average impact factor/paper excludes journals with impact factor = 0. 

7 Irrespective of the number of papers published in a journal, it is counted only once. 

8 Same as 7 but not taking into account the journals with impact factor =0. 
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Table 7. Indian journals included in SCI 1989-1992 along with the number of papers from Indian addresses 


Journal 

Number of papers 
(1989-1992) 

World 

papers 

% 

Current Science 

1492 

1719 

87.0 

Indian Journal of Chemistry Section B - Organic Chemistry including 
Medicinal Chemistry 

1112 

1241 

90.0 

Indian Journal of ChemisUy Section A - Inorganic, Physical, 

Theoretical & Analytical 

1094 

1213 

90.0 

Pramana ~ Journal of Physics 

442 

496 

89.1 

Indian Journal of Medical Research Section A - Infectious Diseases 

320 

331 

97.0 

Proceedings of the Indian Academy of Sciences-Chemical Sciences 

253 

338 

75.0 

Indian Journal of Medical Research Section B — Biomedical Research 
other than Infectious Diseases 

231 

241 

96.0 

Journal of Scientific & Industrial Research 

184 

381 

48.2 

Journal of Biosciences 

142 

160 

89.0 

Proceedings of the Indian Academy of Sciences - Earth and Planetary 
Sciences 

112 

141 

79.4 

Journal of Astrophysics and Astronomy 

75 

112 

67.0 

Journal of Genetics 

33 

59 

56.0 

Indian Journal of Medical ResearcJf 

14 

16 

87.5 

Total 

5504 

6280 

88.0 


‘^Indian Journal of Medical Research was split into two parts in 1989. In 1989, ISI did not cover Indian Journal of 
Medical Research Section B in SCI, and probably covered 14 articles published in the last issue(s) of the undivided 
journal published in 1988, 


Indian journals used 

A list of Indian journals covered by SCI during 1989- 
1992 is provided in Table 7. The number of papers 
published by these journals and the number contributed 
by Indian authors, as seen from SCI are also given. In 
the 12 Indian journals covered by SCI, an average of 
88% of papers were from Indian laboratories. About 
33% of papers in Journal of Astrophysics and Astronomy, 
an original research journal published by the Indian 
Academy of Sciences, were from authors residing outside 
India, Journal of Genetics, published by the same Acad¬ 
emy, also cames a large number of papers from outside 
India. The review journal Journal of Scientific and Industrial 
Research, published by the Council of Scientific and 
Industrial Reseai^ch, also had published a large number of 
papers from outside India (greater than 50%!). 

The complete list of journals used by Indian scientists 
to publish their work, along with the number of papers 
published in each one of the four years, country of 
publication and subject category as well as their impact 
factors as seen from JCR 1992 is given in the report 
submitted to DST, New Delhi. 

Conclusion 

This is a macroscopic view of science in India as 
reflected by the literature covered by SCI. We took the 


whole country as a single aggregate and we looked at 
all of science, engineering and medicine paying only 
limited attention to individual fields and subfields. Such 
a study has its own value. It gives an overall perception 
of scientific research in India. However, it will have to 
be supplemented by studies carried out at lesser levels 
of aggregation - at the levels of institutions and major 
fields and subfields. 

To sum up, with about 2 per cent of the world’s 
significant journal literature, India occupies the twelfth 
position among nations of the world in number of 
scientific papers published. There has been a slide from 
the eighth position held some years ago. Could this 
drop be exclusively attributed to the decrease in the 
number of Indian journals covered by SCI in recent 
years? The data we have indicate that even if SCI were 
to have covered the same number of Indian journals as 
before, India’s rank would still be twelfth. While we 
observe a trend of marginal decrease in India’s per cent 
share of world’s journal articles, the number of foreign 
journals used has been increasing steadily. This is pro¬ 
bably because of the greater awareness among Indian 
researchers of the better rewards and higher visibility 
brought to them by these journals and the greater 
weightage given by funding agencies and science 
administrators to publications in high-impact journals. 
This is also reflected in the increase in the average 
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impact factor of journals used in later years. Notes and 
review articles constitute a very small fraction of Indian 
publications. This is a reflection of Indian researchers’ 
inability to seek quick publication of novel results and 
to consolidate knowledge in emerging areas. 

Chemistry and physics appear to be areas of high 
activity, and medicine and biology neglected areas. Indeed 
a higher percentage of physics papers appear in high- 
impact journals than papers in other fields. One also 
sees a large number of medical papers in well-known 
journals like Lancet, but these are found to be mostly 
letters to the editor. Medicine is not an area of prolific 
research in India for several reasons, the most obvious 
being low level of funding. But, there are a large number 
of biology departments and students in India. Indeed, 
the number of Ph Ds awarded in different branches of 
biology, is comparable to that awarded in chemistry and 
physics. But most classical biologists of India-botanists, 
zoologists, etc.-publish their work in Indian or foreign 
journals not indexed in SCI, According to the classifi¬ 
cation followed here, borrowed from Francis Narin of 
CHI Research Inc., biology includes agriculture also. 
And India has a very large population of agricultural 
researchers and their work is not fully reflected in 
SCI, because they usually and for good reasons publish 
in Indian journals not indexed in SCI. In any case, 
SCr^ coverage of agricultural literature is far from 
satisfactory. 

Overall, only a small proportion of papers have been 
published in high-impact journals. This is often pointed 
out by leaders of Indian science such as C. N. R. Rao. 
However, India has been consistently publishing above 
a threshold number of papers in some of the leading 
journals, especially in the areas of physics, chemistry- 
and materials science. 


1. Directory of Scientific Research Institutions in India, 1989, in 6 
volumes (comps. Elhence, D., Sen, B. K., and Anand, R. L.), Indian 
National Scientific Documentation Centre, New Delhi, 1989. 

2. Directory oj Research and Development Institutions, Department of 
Science and Technology, New Delhi, 1994. 

3. Universities Handbook, Association of Indian Universities, New 
Delhi, 1995. 

4. Handbook of Enpineen.nf> Education, Association of Indian Univer¬ 
sities, New Delhi, 1993. 


5. Handbook of Medical Education, Association of Indian Universities, 
New Delhi, 1994, 

6. Handbook of Agricultural Education, Association of Indian Univer¬ 
sities, New Delhi, (in press). 

7. Handbook of Management Education, Association of Indian Uni¬ 
versities, New Delhi, 1995. 

8. Research and Development Statistics 1992-93, Department of Science 
and Technology, New Delhi, 1994, pp. 2 and 64. 

9. Arunachalam, S.. Citrr. Sci., 1997, 72, 912-922. 

10. Arunachalam, S., Nat. Med. J. India, 1997, submitted. 

1 L Arunachalam, S., Meyyappan, N. and Sridhar, G. S., India’s con¬ 
tribution to the literature of materials science and related fields: An 
analysis based on Materials Science Citation Index 1991-1994, 
Report submitted to the Department of Science and Technology, 
New Delhi, 1996. 

12. Arunachalam, S., India’s contribution to the literature of mathematics 
and related fields: An analysis based on MATHSCI 1988-mid 1995, 
Report submitted to the Department of Science and Technology, 
New Delhi, 1996. 

13. Arunachalam, S., and Dhawan, S. M., Physics research in India; 
An analysis based on Physics Abstracts 1992, Report submitted to 
the Department of Science and Technology, New Delhi, 1996. 

14. Arunachalam, S. and Manorama, K., J. ScL Ind. Res., 1988, 47 
359-367. 

15. Garg, K. C. and Dutt, B., J. Sci. Ind. Re.s., 1992, 51, 329-340. 

16. Arunachalam, S. and Singh, U. N., J. Sci. Ind. Re.^., 1992, 51, 
99-119. 

17. Sen, B. K. and Lakslimi, V. V., Scientometrics, 1992, 23, 291-318. 

18. Manorama, K. and Bhutiani, A., J. Sci. Ind. to., 1988, 47, 23-27. 

19. Indian Scientific Strengths: Some Advantageous Areas for increased 
US Collaboration, National Science Foundation, Washington DC 
1987. 

20. Sudhakar Reddy, K., Sahni, P., Pande, G. K., Nundy, S., Nat. Med. 
J. India, 1991, 4, 90-92. 

21. Pandya, S. K., Br. Med. J., 1990, 301, 333. 


ACKNOWLEDGEMENTS. The work reported here was made possible 
by a grant from National Science and Technology Management Infor¬ 
mation System (NSTMIS) of the Department of Science and Technology 
(DST), New Delhi. The SCI data were obtained from the National 
Informatics Centre, New Delhi, courtesy Mrs S. L. Chinnappa. We 
acknowledge the excellent cooperation given by Mr G. S. Sridhar, 
who carried out much of the data processing work. Dr P. Pichappan 
of the Annamalai University read the manuscript and commented on 
it. In the early stages of the work, Mr N. Meyyappan, our colleague, 
contributed to the development of some of the frontend programs used 
in our analysis of the SCI data. Prof. G. V. Subba Rao, Director of 
Central Electrochemical Research Institute, gave us the freedom to 
pursue the project. 

Received 11 December 1997; accepted 15 December 1997 


CURRENT SCIENCE, VOL. 74, NO. 5, 10 MARCH 1998 


441 


RESEARCH ACCOUNT 


Possible nuclear functions of the major 
molecular chaperones of the eukaryotic 
cytoplasm, Hsp90 


Peter Csermely*, Tamas Schnaider and Ildikd Szanto 

Department of Medical Chemistry, Semmelweis University, P.O. Box 260, H-1444 Budapest 8, Hungary 


Recent studies suggest that the chaperone function of 
the 90 kDa heat-shock protein, Hsp90, is restricted to 
help folding of nuclear hormone receptors, numerous 
protein kinases and damaged cytosolic proteins after 
proteotoxic stress. Hsp90, the most abundant 
chaperone of eukaryotic cytosol, may also participate 
in formation of cytoarchitecture and direction of 
cytoplasmic traffic of macromolecules. However, a 
small, but significant portion of Hsp90 translocates to 
the nucleus accompanying steroid receptors and after 
cellular stress. Here we summarize our present know¬ 
ledge on the nuclear functions of Hsp90, and raise 
some suggestions for its putative role in the organiza¬ 
tion of the interphase nucleus and mitotic chromo¬ 
somes. 


Protein folding and molecular chaperones 

Folding of proteins larger than 10-20 kDa often results 
in a conformationally trapped intermedier after the initial 
hydrophobic collapse of the extended unfolded struc¬ 
ture^’-. These intermediers can be usually characterized 
by hydrophobic amino acid side chain residues exposed 
to their surface which renders them very sensitive to 
aggregation^ Flexibility and conformational mobility of 
these partially folded proteins are rather restricted if 
compared to the unfolded state. The comprised structure 
makes the further rearrangement of the inner hydrophobic 
core of the protein rather slow, and difficult. In case 
of alkaline phosphatase, the formation of the 
crystalline-like inner structure may last for weeks as 
judged by phosphorescence analysis of an inner trypto¬ 
phane residue which is much slower than the almost 
complete renaturation of the enzyme activity occurring 
in the first 60 min of refolding^ Thus most of larger 
proteins need help to accelerate the organization of their 
inner core, to rescue them from folding traps and to 
protect them against aggregation. This help is provided 
by molecular chaperones^. 

Most of the molecular chaperones are proteins. How¬ 
ever, there is an increasing number of reports describing 
the chaperone function of ribosomal and other RNAs^'"^. 


*For correspondence, (e-mail: c.sermeIy@puskin.sote.hu) 


Similarly, recent reports list several conformationally 
restricted RNA species as targets for molecular 
chaperones besides their original, proteinaceous target 
molecules“''^l Chaperones are ubiquitous proteins with 
a highly conserved structure. Their ancestors probably 
played an important role in enzyme evolution, enabling 
the development of larger proteins with enough flexibility 
for an ‘induced fit’ and for allosteric regulation*^. In 
the present organisms there are many classes of molecular 
chaperones being able to help protein folding, to prevent 
protein aggregation and to solubilize ‘looser’, reversible 
protein aggregates*'^. 

Help of protein folding is also necessary after a great 
variety of environmental stresses. The expression of 
most molecular chaperones is induced after cellular stress 
to provide a more efficient protection and recovery. 
Heat shock is considered to be the ‘archetype’ of proteo¬ 
toxic stress - therefore most molecular chaperones are 
called heat-shock proteins (Hsps). 

Role of Hsp90: The present paradigm and its 
limitations 

The 90 kDa heat-shock protein, Hsp90, is known to 
participate in the in vivo folding of most nascent nuclear 
hormone receptors and many protein kinases*^. However, 
it is the most abundant chaperone of the eukaryotic 
cytoplasm comprising 1-2% of cytoplasmic proteins and 
its presence is mandatory for the survival of eukaryotic 
cells. These features of Hsp90 suggest a more general 
role for this protein. Hsp90 behaves as an organizer of 
the ‘foldosome’, a highly dynamic chaperone complex 
of the eukaryotic cytosol, and displays a chaperone 
activity in a great variety of in vitro systemsOn 
the basis of these features, Hsp90 was suggested to be 
a general chaperone of the eukaryotic cytosol*^. This 
assumption would explain why Hsp90 is required for 
the survival of eukaryotic cells and why it is expressed 
constitutively in such a large amount. However, the 
recent discovery that the folding of nascent proteins 
occurs mostly co-translationally in eukaryotes, whereas 
in eubacteria it is mainly a post-translational event**^, 
shows that in eukaryotes, where Hsp90 has vital 
functions, the need for general post-translational chap- 
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eroning is limited. In contrast, in eubacteria, where the 
need for chaperones is much more expressed, Hsp90 
deletion is not lethal'^^ Moreover, Hsp90 (in contrast to 
Hsp70) has been observed as part of the ribosome- 
attached chaperone machinery only in case of steroid 
receptors and some protein kinasesAs it is shown 
in Figure 1, most eukaryotic proteins probably require 
only the help of the ribosome for their de novo folding. 
In contrast, folding of most components of the cytoskele- 
ton is aided by the cytoplasmic Hsp60 machinery, while 
some nuclear hormone receptors and protein kinases 
develop their unstable structure utilizing the help of the 
Hsp90-associated chaperone machinery, the foldosome 
(Figure 1). Thus the proposed ‘general chaperone’ role 
for Hsp90 probably does not provide a sufficient 
explanation for the high abundance and crucial impor¬ 
tance of this protein in eukaryotes. 

The organizational role of Hsp90 in the foldosome, 
in signalling events, and in proteolytic degradation, 
together with its participation in various forms of the 
cytoskeletal structure raise the possibility that Hsp90 
may participate in the maintenance and remodelling of 
the cytoarchitecture by guiding of some selected de 
novo synthesized or damaged tai'gets to their proper 
destination within the cytoplasm'^’'^’. Hsp90 may be 
similar in this respect to the other major cytoplasmic 
chaperone, the Hsp60-TCPl protein^". Another possible 
role of Hsp90 to explain its crucial requirement for the 
survival of eukaryotic cells may lie in its role in nuclear, 
or nucleus-related functions. 


Hsp90 in the cell nucleus 

About 5 to 10% of cellular Hsp90 is known to be 
localized to the cell nucleus. An additional fraction of 



Figure 1, Folding routes of nascent proteins in the eukaryolic cyto¬ 
plasm. Abbreviations: dnaJ, Hip: co-chaperones of the 70 kDa heat 
shock protein. Hsp70; Hop: connecting-protein and co-chaperone of 
Hsp70 and Hsp90; p23: 23 kDa Hsp90-associated chaperone to prevent 
the premature dissociation of the target protein from Hsp90-chaperone 
complex, the foldosome; FKBP: Hsp90-associated immunophilin. 
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Hsp90 translocates to the nucleus after a single or 
repeated heat shock‘^’^‘. At first sight a few per cent 
of a protein may seem negligible; however, Hsp90 is 
one of the most abundant proteins in almost all cells, 
so that even a small proportion may be significant. 
Hsp90 harbours a bipartite nuclear localization sequence 
preceded by a poly-glutamic acid tract shown to facilitate 
the nuclear translocation of nucleoplasmin^^*^^. However, 
these signals are buried, and can be activated only after 
an exposure exemplified by the construction of deletion 
mutants^^^. Furthermore, Hsp90 also has numerous 
sequences similar to other known ‘traditional’ or ‘alter¬ 
native’ nuclear import and export signals'^’. This, together 
with other initial findings suggests that, like the steroid 
receptors and Hsp70, Hsp90 is-also constantly shuttling 
back and forth between the cell nucleus and the cyto¬ 
plasm and participates in the nuclear import and export 
mechanism. 


Hsp90 as a DNA/RNA-binding protein 

Hsp90 is able to bind both DNA and RNA with relatively 
low affinityInterestingly, a 60 amino acid stretch 
around the LKVIRK epitope of Hsp90 displays significant 
homology with the ssDNA/RNA-binding region of 
several plant viruses^"^ and the unstability-determinant 3' 
UTR RNA-binding segments of Drosophila and C. ele- 
gans proteins^^ Hsp90 associates with specific heat-shock 
puffs (hsr-omega) in Drosophila polytene chromo- 
somes^^’’^^. Binding of Hsp90 to 3' UTR regions of 
various RNAs may have several interesting consequences: 
Hsp90 may participate in the protection of mRNAs after 
heat shock, a role proposed for the Hsp90-containing 
heat shock granules^^ may be involved in the localiza¬ 
tion/transport of mRNAs during embryonic development 
and normal cell growth^^'’"^^ and may also regulate mRNA 
degradation by the eukaryotic homologues of RNAase 
E and K (which are associated with the Hsp60- 
homologue, GroEL) or by the proteasome-associated 
RNAase activity^“~^^. Recent findings indicate that the 
endoplasmic reticulum is also involved in mRNA locali¬ 
zation^ ^ This raises a possibility for the involvement 
of Grp94, a protein highly homologous with Hsp90 in 
the endoplasmic reticulum, in the localization of mRNAs. 
These putative functions are supported by the fact that 
both proteins bind to actin filaments^‘^. 

Hsp90 as a modulator of transcription 

Segments of the highly charged region of Hsp90 
following its //-terminal domain strongly resemble those 
of the DNA structure^^. Thus it is not surprising that 
Hsp90 interacts with histones and several transcription 
factors. If Hsp90 forms a low-affinity, transient complex 

443 



RESEARCH ACCOUNT 


with the respective transcription factor, it usually en¬ 
hances DNA-binding. Thus Hsp90 promotes DNA- 
binding of several helix-loop-helix transcription factors, 
such as MyoDl or E12 (refs 36, 37). By contrast, if 
Hsp90 forms a stable complex with the transcription 
factor, it decreases or prevents DNA-binding. Thus a 
stable complex with Hsp90 in the absence of the 
respective hormone prevents DNA-binding of most 
nuclear hormone receptors 

Interaction of Hsp90 with histones 

Hsp90 avidly binds histone molecules and induces a 
tighter, salt-resistant structure of rat liver chromatin^^'-^''^. 
Hsp90 possesses a poly-glutamic acid sequence similar 
to that of nucleoplasmin, which plays an important role 
in the assembly of nucleosomal structure‘^'’^‘. In agree¬ 
ment with this homologous sequence, circular dichroism 
measurements of DNA and added histones indicated that 
Hsp90 may have a nucleoplasmin-like activity by pro¬ 
moting the assembly of histones and DNA at physio¬ 
logical salt concentrations^^ 

The ^tetratricopeptide connection’ 

Hsp90 binds various proteins containing a tetratri- 
copeptide repeat (TPR) domain, such as the Hsp90- 
Hsp70 connecting protein, Hop (p60), and the 
Hsp90-binding immunophilins (FKBP52, Cyp-40, PP-5). 
One of these TPR-proteins, FKBP52, has been suggested 
to participate in directing steroid receptor holo-complexes 
to the cell nucleus. Binding of the TPR-containing 
'directing’ components is mutually exclusive, meaning 
that Hsp90 can form a complex with only one of them'\ 
These and other recent findings raise the possibility that 
the above proteins play a decisive role in directing 
Hsp90 and its specific targets along cytoplasmic trajec¬ 
tories* However, almost all the initially identified 
members of the TPR-containing protein family participate 
in mitosis (as members of the anaphase promoting 
complex), transcription (as members of the transcription 
repression complex), splicing and nuclear protein 
import'^^’'^'. Though a direct interaction of these ‘original’ 
TPR-proteins with Hsp90 has not yet been demonstrated, 
they are likely to participate in the various nuclear 
functions of Hsp90. 

Interestingly, the enzyme responsible for 0-glycosy- 
lation, the 0-linked A-acetyl glucosamine-transferase, is 
also a tetratricopeptide repeat containing protein. (9-gIy- 
cosylation is an important regulatory modification, which 
occurs mainly in the cell nucleus and in many cases 
has a reciprocal relationship with phosphorylation'll 
Grp94, a protein highly homologous with Hsp90 in the 
endoplasmic reticulum, has been reported to contain 


D-linked oligosaccharides‘I These findings may reflect 
that a TPR-mediated 0-glycosylation is an important 
regulatory element of both Grp94 and Hsp90 as well 
as some of their associated proteins, like casein kinase 

iri 

Hsp90 during mitosis 

Some of the DNA-, histone- and other nuclear protein- 
related effects of Hsp90 may be mediated by the relatively 
minor amount Hsp90 present or translocated to the cell 
nucleus. However, a much better chance for Hsp90- 
histone or -DNA interactions occurs in the mitotic 
process, where the nuclear bander for the bulk of Hsp90 
is abrogated. In agreement with this, Hsp90-a of 
Saccharomyces cerevisiae has been identified as an early 
meiotic gene induced by the IME1-IME2 transcriptional 
cascade'll Binding of Hsp90 to ssDNA may reflect its 
role in the preservation of ‘gene expression cellular 
memory’ during mitosis'll Its in vitro role in the 
stabilization of the chromatin structure^^ may reflect its 
participation in the chromosome condensation/deconden¬ 
sation events. An active role of Hsp90 in mitosis would 
explain the requirement of the large amounts of this 
protein in eukaryotic cells. 

Conclusions 

We have summarized the putative roles of Hsp90 in 
the cell nucleus in Figure 2. Involvement in protein and 
RNA export and import, participation in mRNA locali¬ 
zation and degradation, modulation of transcriptional 
events during interphase and mitosis as well as mediation 
of chromatin condensation and decondensation are all 
hypothetical roles for this cytoplasmic chaperone. All 
these putative nuclear or nucleus-related functions of 



Figure 2. Putative nuclear functions ol' Hsp90. 


444 


CURRENT SCIENCE, VOL. 74, NO, 5, 10 MARCH 1998 



RESEARCH ACCOUNT 


Hsp90 are substantiated by several initial findings and 
provide numerous exciting areas for further research. 
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Microwave radiation as a catalyst for 
chemical reactions 
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Up to the middle of 1980s, microwave oven was used 
only for defrosting frozen food and cooking. Microwave 
oven has now found an important utility value for 
carrying out chemical reactions in organic synthesis of 
compounds. Commercial microwave oven has found 
its way into India only recently. Microwave irradiation 
catalyses various chemical reactions efficiently. The 
main reason for this acceleration in the rate of chemical 
reactions is the rapid superheating of solvents. Many 
of the reactions which are conventionally run by 
thermal process; except for the reactions which require 
necessary precautions such as the use of dry nitrogen 
atmosphere, lachrymatric and fuming substances or 
the substances which may corrode the interior of the 
oven; can be conducted inside a microwave oven at a 
much faster rate. Commercial microwave ovens are 
sufficient for carrying out these reactions. Nevertheless, 
for carrying out certain reactions specially designed 
microwave ovens at the laboratory have to be used. 


Till the middle 1980s, microwave oven was used only 
for thawing and cooking food. The usual modes for 
conducting chemical reactions were the thermal, photo¬ 
chemical, sonochemical, electrochemical and high pres¬ 
sure techniques till the late 1980s. Since 1986, however, 
the microwave oven has become a source for accelerating 
chemical reactions^'^, extraction techniques, etc. This 
acceleration of chemical reactions is a catalytic process 
and is entirely different from the process using catalysts 
which are generally chemical reagents. This rate 
enhancement in microwave oven is due to its high 
heating efficiency in a short time. 

Microwave oven emits microwave radiation-a part 
of the electromagnetic spectrum consisting of cosmic, 
gamma, X-rays, UV, visible, IR, microwave, radar, tele¬ 
vision, radio and alternating current (Table 1). During 
the second world war, Randall and Booth at the Uni¬ 
versity of Birmingham were concentrating on the 
development of RADAR. At that time they designed a 
device called magnetron^ for generating fixed frequency 
microwaves. Microwaves were known, even at that time, 
to heat up water rapidly, and domestic and commercial 
appliances for heating and cooking foodstuffs began to 
appear in the US in the 1950s. In the 1970s there was 
an upsurge of microwave ovens elsewhere in the world, 
but it was only recently that microwave ovens have 


found their way in India. Commercial microwave ovens 
operate at a frequency of 2450 MHz and the power 
output can be varied anywhere up to 900 W (Box 1). 

Microwave heating essentially follows the principle 
of microwave dielectric Polar molecules absorb 


Table 1. The electromagnetic spectrum, with wavelengths X and 
frequency v 



X/m 

iVHz 

Cosmic rays 

10-14 

1022 

Gamma rays 

10-" 

10'^'’ 

X-rays 

10-'^ 

10^2 

Far ultraviolet 

10-^ 

10*-^ 

Ultraviolet 

10-^ 

10‘2 

Visible 

10-6 

lO" 

Infrared 

10-^ 

10" 

Far infrared 

10-^ 

10"- 

Microwave 

10-^ 

10" 

Radar 

10-2 

10"> 

Television 

10» 

10* 

Nuclear magnetic resonance 

10 

10’ 

Radio 

102 

10'' 


Box 1. 

Microwave heating is routinely used for rapid cooking 
of food stuffs. There are aiso other potential appli¬ 
cations for this method of heating in a number of 
disciplines in science. It is having a great impact in 
the field of chemical analysis^^. Biologists began 
using microwaves in the 1970s as a quick way of 
decomposing sample of tissue in concentrated acids. 
The best containers for chemical analysis of trace 
elements such as copper, zinc and nickel are sealed 
teflon bottles. Geological specimens have also been 
analysed by microwaves. Apart from chemical 
analysis, the microwave heating finds applications 
in polymer technology^®, drug release/target- 
ing®^, ceramics'^® and alkane decomposition'^^ It 
has also found use in a range of decomposition 
processes including hydrolysis of proteins and pep¬ 
tides'^^. Applications to inorganic and solid state 
synthesis have also been shown to have significant 
advantages. 
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microwave energy through dipole rotations and thus get 
heated up whereas nonpolar molecules do not absorb 
because of lower dielectric constants. The polar molecules 
align themselves along the external applied field. The 
electric field of the irradiation frequency in commercial 
microwave oven (2450 MHz) changes sign 2.45 x 
times per sec and the tortional effect in dipolar molecules 
rotating back and forth causes heating by absorbing 
energy, since the molecular rotation is slower than the 
changes in the electric field. Although the dielectric 
constant is the guiding factor behind absorption of 
energy, there are several other factors which are involved 
in microwave heating. Even if a solvent has a much 
lower dielectric constant, the solvent can get heated up 
rapidly due to its lower heat capacity. For example, 
1-propanol (^ = 20.1) having a lower dielectric constant 
than water (^ = 78.54) heats up 1.7 times faster than 
water mainly because propanol has a lower heat capacity 
(2.45 J/gK) compared with water (4.18 J/gK)^''. Similarly, 
porcelain has a higher dielectric constant (6.0-8.0) than 
acetic acid (6.15 at 20°C) but the latter heats up rapidly 
since ceramic molecules cannot rotate in the alternating 
microwave field^’*". Teflon, polystyrene, glass and ice are 
nearly transparent to microwaves (Box 2). 

So far, there are atleast three ways of carrying out 
chemical reactions in the domestic microwave oven apart 
from using the modified form of the equipment. These 
are (i) sealed vessels'-% (ii) open vessels’ and (iii) dry 
reactions^ without solvents. Initially, sealed vessels were 
used and there were reports of explosion in the oven. 
This led to the use of open long-necked Erlenmeyer 


flasks wherein the solvent condenses from the top of 
the container since the glass vessel does not heat up. 
To avoid building up of pressure, in the reaction, a 
new type of reaction was carried out which involved 
only certain types of solids, e.g. clay with the reagents. 
Several reviews have appeared in the literature'^ and in 
the following section we will discuss a selected set of 
reactions that have been carried out in the microwave 
oven from 1986 till the present. 

Catalysis of organic reactions by a 
microwave oven 

The reports from Gedye et aV and Giguere et al? were 
the seminal papers in the utilization of microwave oven 
for accelerating organic reactions, Gedye et aV found rate 
acceleration up to 240-fold in a variety of reactions in 
sealed teflon vessels. In the following section, a selected 
set of reactions conducted in microwave oven will be 
described: 

Diels-Alder reaction is one of the key transformations 
in organic synthesis for producing cyclic systems in a 
single step. This reaction has been conducted in a 
microwave oven with great success. Thus Diels-Alder 
reaction of anthracene and dimethyl fumarate proceeds 
in 10 min in xylene (87% yield)^ whereas under thermal 
conditions the reaction proceeds in 4h (67%). The 
disadvantages of the above process are the use of xylene, 
which has a lower dielectric constant, and conducting 
the reaction in a sealed vessel. Hence, Bose’ has modified 
this process by conducting the reaction in a long-necked 


Box 2. 

Microwave irradiation superheats certain solvents rapidly depending upon the dielectric constants of the solvents. 
What is meant by dielectric constant of a solvent? The magnitude of the force acting between two given electric 
charges, placed at a definite distance apart in a uniform medium, is determined by a property of the medium 
and is known as the dielectric constant. If and are the values of two electric charges placed at a distance 
r apart in a uniform medium, then the force F acting between them is given by Coulombs law as 
F-e^e^/sr^, where e is the dielectric constant of the medium. Qualitatively, the larger the dielectric constant, 
the greater the coupling with microwaves and thus faster the rate of heating. Of course this Is not always true 
as shown in the text. A comprehensive list of dielectric constants of solvents"^^ is given below (solvent, dielectric 
constant, T/K): 


Water 

80.0 (293.2) 

Chlorobenzene 

5.69 (293.2) 

Formic acid 

51.1 (298) 

Chloroform 

4.807(293.2) 

Dimethylformamide 

38.25 (293.2) 

Trichloroacetic acid 

4.34 (333.2) 

Acetonitrile 

36.64 (293.2) 

Diethyl ether 

4.26 (293.2) 

Methanol 

33.0 (293.2) 

Propanoic acid 

3.44 (298.2) 

Ethanol 

25.3 (293.2) 

Xylene 

2.5 (293.2) 

Acetone 

21.01 (293.2) 

Toluene 

2.38 (296.4) 

Dichloromethane 

8.93 (298) 

Benzene 

2.285 (293.2) 

Tetrahydrofuran 

7.52 (295.2) 

Tetrachloroethylene 

2.26 (303.2) 

Dimethoxy ethane 

7.30 (296.7) 

Carbon tetrachloride 

2.24 (293.2) 

Acetic acid 

6.20 (293.2) 

1,4-Dioxane 

2.22 (293.2) 

Ethyl acetate 

6.08 (293.2) 

Hexane 

1.88 (293.2) 
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Erlenmeyer flask using 1,2,4-trichlorobenzene which has 
a higher dielectric constant (Scheme 1). Although the 
duration of reaction is almost similar, it certainly avoids 
the untoward explosion due to sealed vessel. 

VA-dimethyl formamide was found to be ideal for 
conducting Claisen rearrangement" inside a microwave 
oven. The reaction of allyl ether (Scheme 2) proceeds 
in 5 min compared to 45 min under usual thermal con¬ 
ditions. The reaction proceeds much faster in NMF in 
90 sec with 87% yield. 

Fischer indole cyclization reaction has been conducted 
in three different ways in a microwave oven. The 
Abramovitch grouphas found irradiation of preformed 
hydrazone in formic acid in a Parr bomb producing 
indoles in excellent yields. The Villemin group'* utilizes 
montmorrilonite as the absorption medium for phenyl 
hydrazine and ketone and then it was irradiated for 5 
min at 160 W. There is another report'^ wherein acetic 
acid is used as the medium and the reaction proceeds 
in 28 sec with 385-fold rate acceleration with excellent 
yields (Scheme 3). 

Srikrishna and Nagaraju'^ have shown that the ortho¬ 
ester Claisen rearrangement, a three-step transformation, 
which proceeds in 48 h in a sealed tube under thermal 
conditions takes only 10 min with microwave irradiation 
(Scheme 4) in an open vessel showing a rate acceleration 
of 288-fold. 



Scheme 1. 


OMe 



OMe OMe 



Even change of course of reaction by microwave 
irradiation from thermal process has been observed by 
the same groupHeating the ketone 1 for 48 h at 
250°C produces the ketone 2 whereas under microwave 
conditions the dry reaction follows a different path to 
produce substituted naphthalenes (Scheme 5). This is 
probably due to the high temperatures attained in a 
microwave oven. 

Sandhu et have carried out Michael addition of 
1 , 3 -dicarbonyl compounds to a,y3-unsaturated ketones 
under microwave irradiation with BiC^ or Cdl^ as the 
catalyst (Scheme 6 ). The advantage of the reaction is 
that it proceeds without solvent in 15 min in excellent 
yields. 

Villemin group et have observed that the con¬ 
densation involving piperonal and benzenesulfonylace- 
tonitrile can be carried out under dry conditions on 
KF/AI 2 O 3 in a microwave oven, resulting in the con¬ 
densation product in 55% yield (Scheme 7). Under the 
same conditions without microwave irradiation only a 
poor yield is obtained, 

Varma et have utilized microwave oven for 

several deprotection strategies (Scheme 8 ) which are 
encountered in a major way in total synthesis of natural 
products. 



Scheme 6. 



Scheme 3. 


_KF/AJjOs 




PhS02CH2CN 


MW 20mts 
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neutral alumina 

- 

MW 10 mts 
Ref 16 


AI2O3 

- ^ 

MW 40sec 
Ref 17 







Scheme 8. 


Varma et have shown that in a solventless system 
and under microwave irradiation, nitroalkenes react with 
arylaldehydes in the presence of a catalytic amount of 
ammonium acetate to afford conjugated nitralkenes 
(Scheme 9) without the isolation of intermediary p- 
nitroalcohols and the rate acceleration is about 140~fold. 



Scheme 9. 


Conclusion 

This review has given a general account of the current 
utilization of microwave oven only for selected organic 
reactions since there are already two review articles on 
this which were published in 1995. There are a variety 
of other processes which have been conducted in a 
microwave oven such as ene reactions^', hetero DA reac¬ 
tions^^, hydrosilylation of alkenes'^ Bischler-Naperialski 
reactions^'^"^, Fries rearrangement”^, intramolecular Diels- 
Alder reactions^^’, oxime formation reactions"^ Sj^2 substi¬ 
tution to form esters■^ /?-lactam synthesis^'^, various 
cyclization reactions^^\ oxidative processes^', catalytic trans¬ 
fer hydrogenation^, alkylation reactions^^, decarboxylation 
reactions'^^, Ferrier rearrangemenF"^, radical reactions^, por¬ 
phyrin synthesis'*'^ di-hydropyridine synthesis^^ etc. Thus, 
the application of microwave oven as a catalyst in accel¬ 
erating reactions is being extended to a variety of reactions 
in organic synthesis and its potential use in the industry 
is yet to be realized. 

1. Gedye, R., Smith, F., Westaway, K., AH, H., Baldisera, L., Laberge, 
L. and Rousell, J., Tetrahedron Lett., 1986, 27, 279, 


2. Giguere, R. J., Bray, T. L., Duncan, S. M. and Majetich, G., 
Tetrahedron Lett., 1986, 27, 4945. 

3. Harvey, A. F., Microwave Engineering, Academic Press, New York, 
1963. 

4. Mingos, D. M. P. and Baghurst, D. R., Chem. Soc. Rev., 1991, 

20 , 1 . 

5. Neas, E. D. and Collins, M. J., Introduction to Microwave Sample 
Preparation, ACS Professional Reference Book, Washington DC, 

1988. 

6. a, Watkins, K. W., J. Chem, Educ., 1983, 60, 1043; b, Metaxes, 
A. C. and Meredith, R. J., Industrial Microwave Heating, Peter 
Perigrinus, London 1983. 

7. Bose, A. K., Manhas, M. S., Ghosh, M., Shah, M., Raju, V. S., 
Bari, S. S., Newaz, S. N., Banik, B. K., Chaudhary, A. G. and 
Barakat, K. J., J. Org. Chem., 1991, 56, 6968. 

■ 8. Gutierrez, E., Loupy, A., Bram, G. and Ruiz-Hitzky, E., Tetrahedron 
Lett., 1989, 30, 945; Loupy, A., Petit, A., Ramdani, M., Vanaeft, 
C., Maycloub, M., Labiad, B. and Villemin, D., Can. J. Chem., 
1993, 71, 90; Diaz-Ortiz, A., Diez-Barra, E., de la Haz, A., Loupy, 
A,, Petit, A. and Sanchez, L., Heterocycles, 1994, 38, 785; Barnier, 
J. P., Loupy, A., Pigeon, P., Ramdani, M, and Jacqualt, P., J. 
Chem. Soc. Perkin Trans I, 1993, 397. 

9. Abramovitch, R. A., Org. Prep. Proc. Int., 1991, 23, 683; Caddick, 
S., Tetrahedron, 1995, 38, 10403; Strauss, C. R, and Trainor, R. W., 
Aust. J. Chem., 1995, 48, 1665. 

10. Abramovitch, R. A. and Bulman, A., Synlett, 1992, 795. 

11. Villemin, D., Labiad, B. and Ouhilal, Y., Chem. Ind. ^London), 

1989, 607. 

12. Sridar, V., Indian J. Chem., 1996, 35B. 737. 

13. Srikrishna, A. and Nagaraju, S., J. Chem. Soc. Perkin Trans 1, 

1992, 311. 

14. Srikrishna, A. and Praveen Kumar, P., Tetrahedron Lett., 1995, 36, 
6313. 

15. Baruah, B., Boruah, A., Prajapati, D. and Sandhu, J. S., Tetrahedron 
Lett., 1997, 38, 1449 

16. Alloum, A. B., Labiad, B. and Villemin, D., J. Chem. Soc. Chem. 
Commun., 1989, 386; Villemin, D. and Benalloum, A., Synth. 
Commun., 1991, 21, 1. 

17. Varma, R. S., Lamture, J. B. and Varma, M., Tetrahedron Lett., 

1993, 34, 3029, 

18. Varma, R. S., Chatterjee, A. K. and Vai'ma, M., Tetrahedron Lett., 
1993, 34, 3207. 

19. Varma, R. S., Chatterjee, A. K. and Vai'ma, M., Tetrahedron Lett., 
1993, 34, 4603. 

20. Varma, R. S„ Daliiya, R. and Kumar, S., Tetrahedron Lett., 1997, 
38, 5131. 

21. Giguere, R. J., Namen, A. M., Lopez, O. B., Arepally, A., Ramos, 


CURRENT SCIENCE, VOL. 74, NO. 5, 10 MARCH 1998 


449 


REVIEW ARTICLE 


D. E., Majeticli, G. and Defauw, J., Tetrahedron Lett., 1987 , 28, 
6553. 

22. Stambouli, A., ChastretCe, M. and Soufiaoui, M., Tetrahedron Lett., 
1991, 32, 1723. 

23. Abramovitch, R. A., Abramovitch, D. A., lyanar, K. and TamarevSelvy, 
K., Tetrahedron Lett, 1991, 32, 5251. 

24. Bose, A. K., Manhas, M. S., Ghosh, M., Raju, V. S., Tabei, K. 
and Urbanczyk-Lipkowska, Z., Heterocycles, 1990, 30, 741. 

25. Sridar, V. and Sundara Rao, V. S., Indian J. Chem., 1994, 33B, 
184. 

26. Takano, S., Kijima, A., Sugihara, T., Sathoh, S. and Ogasawara, 
K., Chein. Lett., 1989, 87; Lei, B. and Fallis, A. G., J, Am. Chem. 
Soc., 1990, 112, 4609; Lei, B. and Fallis, A. G., J. Org. Chem., 
1993, 58, 2186. 

27. Puciova, M. and Toma, S., Collect. Czech. Chem. Commun., 1992, 
57, 2407. 

28. Bram, G., Loupy, A., Majdoub, M., Gutierrez, E. and Ruiz-Hitzky, 

E. , Tetrahedron, 1990, 46, 5167. 

29. Banik, 3, K., Manhas, M. S„ Kaluza, Z., Barakat, K. J. and Bose, 
A. K., Tetrahedron Lett., 1992, 33, 3603. 

30. Rama Rao, A. V., Gurjar, M. K. and Kaiwar, V., Tetrahedron 
Asymm., 1992, 3, 859; Puciova, M., Ertl, P. and Toma, S., Collect. 
Czech. Chem. Commun., 1994, 59, 175. 

31. Garcia, O., Delgado, F., Cano, A. C. and Alvarez, C., Tetrahedron 
Lett., 1993, 34, 623.; Alvarez, C., Delgado, F., Garcia, O., Medina, 
S. and Marquez, C., Synth. Commun., 1991, 21, 619; Delgado, F., 
Alvarez, C., Gai'cia, O., Penieres, G. and Marquez, C., Synth. 
Commun., 1991, 21, 2137. 


32. Villemin, D. and Alloum, A. B., Synth. Commun., 1990, 20, 
925. 

33. Loupy, A., Pigeon, P., Ramdani, M. and Jacquault, P., J. Chem. 
Re.^. (S), 1993, 36. 

34. Sowmya, S. and Balasubramanian, K. K., Synth. Commun, 1994, 
24, 2097 

35. Petit, A., Loupy, A., Maillard, Ph. and Momenteau, M., Synth. 
Commun., 1992, 22, 1137. 

36. Alajarin, R., Vasquero, J. J., Garcia Navlo, J. L. and Alvai-ez-Builla, 
J., Synlett., 1992, 297. 

37. Gilman, L. and Grooms, W., Anal. Chem., 1988, 60, 1624; Aysola, 
P., Anderson, P. D. and Langford, C. H., Anal. Chem., 1988, 60, 
1625. 

38. Murray, M., Charlesworth, D., Swires, L., Riby, P., Cook, J. and 
Chowdhry, B. Z., J. Chem. Soc. Faraday Trans., 1994, 90. 

39. Miyazaki, S., Yokouchi, C. and Takada, M., Chem. Pharm, Bull 
Jpn, 1989, 13, 208. 

40. Dagani, R., Chem. Eng. News, 1988, 66, 7. 

41. Chen, S. T., Chiou, S. H., Chu, Y. H. and Wang, K. T., Int. J. 
Pept. Protein Res., 1987, 30, 572. 

42. Chatakondu, K., Baghurst, D. R., Chippindale, A. M. and Mingos, 
D. M. P., Nature, 1988, 332, 311. 

43. Lide, D. R., Handbook of Chemistry and Physics, CRC Press, Boca 
Raton, 71st edition, 1990-91. 


Received 14 November 1997; accepted 5 January 1998 


CURRENT SCIENCE 


Display Advertisement Ra 

No. of insertions Size 

tes 


Tariff (rupees) 



Inside 

pages 

Inside cover pages 

Back 

cover page 

B&W 

Colour 

B&W 

Colour 

B&W 

Colour 

1 

Full page 

5,000 

10,000 

7,000 

12,000 

10,000 

15,000 


Half page 

3,000 

5,000 


- 

- 

- 

6 

Full page 

25,000 

50,000 

35,000 

60,000 

50,000 

75,000 


Half page 

15,000 

25,000 

- 

- 

- 

- 

12 

Full page 

50,000 

1,00,000 

70,000 

1,20,000 

1,00,000 

1,50,000 


Half page 

30,000 

50,000 


- 

- 

- 

24 

Full page 

90,000 

1,80,000 

— 





Half page 

50,000 

90,000 

- 

- 

- 




SEND PAYMENT BY BANK 

DRAFT WITH 

ORDER 




450 


CURRENT SCIENCE, VOL. 74, NO. 5, 10 MARCH 1998 







RESEARCH ARTICLE 


Pulsed-field gradient-based water 
suppression techniques in homonuclear NMR 
spectroscopy 
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Suppression of the immense water signal arising in 
studies of proteins and nucleic acids in aqueous solution 
has traditionally been a formidable problem in 
biomolecular nuclear magnetic resonance (NMR). Con¬ 
ventionally used presaturation-based techniques result 
in signiHcant attenuation of exchangeable protons such 
as amides in proteins and imino/amino protons in 
nucleic acids. Spectra also suffer from artifacts such 
as baseline distortions. With the advent of pulsed field 
gradients (PFGs), high degree of suppression of 
water signal can be achieved with complete preserva¬ 
tion of exchangeable protons. We present two PFG- 
and selective-excitation-based techniques: gradient- 
fiipback (GRAF) and watergated-gradient-flipback 
(WGRAF), which complement existing PFG-based 
methods and improve upon some of their shortcomings. 
The GRAF technique provides high selectivity near the 
water resonance whereas WGRAF compromises on 
selectivity to deliver ultra-high quality suppression 
of water signal. Applications of these techniques 
to NOESY and TOCSY spectra of barstar are 
demonstrated. 


NMR spectroscopy is now well established as a powerful 
tool for determining biomolecular structure and dynamics 
in solution*. An underlying aspect of NMR investigations 
of biomolecular systems is that it is absolutely critical 
to record spectra in H 2 O. Biomolecules such as proteins 
and nucleic acids possess exchangeable protons (NH, 
NH 2 ) which are indispensable for resonance assignments, 
structural information and dynamical studies such as 
hydration and chemical exchange. The importance of 
recording NMR spectra in water results in a serious 
consequence namely, the immense signal arising from 
the H^O resonance. 

Typical biological sample concentrations are 0.5-5 mM, 
in 90% H20/10% D^O solutions. The concentration of 
protons from H^O in such solutions is about 100 M, 
which is a factor higher by ~ 10^ relative to those from 
the sample. Commercial spectrometers generally cannot 
handle dynamic ranges greater than 10"^: 1. As a result, 
there is complete suppression of signals of interest by 

*For correspondence, (e-mail: sarata@tifrvax.tifr.res.in) 


the water resonance. Not surprisingly, therefore, the 
NMR literature abounds with efforts made towards 
suppression of water signal^. Until recently, the 
commonest and easiest method had been presaturation, 
in which the water resonance is saturated with a long, 
selective, low power pulse prior to the experimental 
sequence. This method suffers from several problems 
such as: (i) attenuation of exchangeable proton intensity 
due to saturation transfer from water protons, (ii) 
saturation of peaks which lie directly under the water, 
(iii) baseline artifacts arising from the residual water 
line which remains an order of magnitude stronger than 
the signals of interest, (iv) t,-noise in two-dimensional 
spectra, and (v) subtraction artifacts in phase-cycled 
experiments. These problems are amplified in large 
biomolecular systems, especially at low concentrations. 
Also, requirements of good lineshape are critical for 
effective presaturation, which is often not possible for 
low-sample volumes. 

Some of the problems of suppression of water signal 
are addressed by recording two sets of data: one in 
H.O and other in D 2 O, in which the non-exchangeable 
protons are studied. However, the possibility of altered 
sample conditions and sample loss during the solvent 
exchange process is undesirable, especially if available 
amounts of pure sample are low. It is, therefore, the 
NMR spectroscopist’s dream to perform all necessary 
experiments in H 2 O alone. In recent times, dramatic 
progress towards this end has been achieved with the 
advent of pulsed-field gradient (PPG) technology. 
Although pulsed-field gradients are used routinely in 
NMR imaging, in in-vivo spectroscopy, and for diffusion 
measurements, they have only recently been employed 
extensively in high-resolution NMR spectroscopy. Cur¬ 
rently these experiments require special hardware for 
the spectrometer, however this hardware will soon be 
regarded as standard equipment. Furthermore, only ex¬ 
periments with Z-gradients are described in the present 
work. Also a special probe with self-shielded gradient 
coils and a gradient amplifier are usually required for 
the experiments described here. 

PFGs are highly controlled linear magnetic field gra¬ 
dients (20-30 G/cm), applied along the direction of the 
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static magnetic field for brief periods of time (1-10 ms)l 
Application of a gradient results in rapid dephasing of 
transverse magnetization, thereby destroying observable 
signal. NMR pulse sequences employing gradients are 
designed to selectively dephase the water magnetization 
and retain the magnetization originating from the sample 
prior to signal detection. PFG-based approaches are 
capable of delivering suppression of water signal by 
factors of 10"^ or more on a single transient. Clean 
baselines, reduced spectral noise and negligible subtrac¬ 
tion artifacts are immediate consequences. In hetero- 
nuclear NMR, PFGs have been used, in addition, for 
efficient coherence pathway selection, which virtually 
eliminates the need for phase-cycling^’"^. In homonuclear 
experiments, however, the application of PFGs is not 
particularly straightforward and needs to be combined 
with the use of selective pulses. 

In this work, we add to the family of suppression of 
water signal techniques, two selective-pulse and PFG- 
based sequences which provide extremely high suppres¬ 
sion of water signal in routine ID as well as 2D NOESY 
and TOCSY spectra. These sequences, called gradient- 
flipback (GRAF) and watergated-gradient-flipback 
(WGRAF), which complement the existing technique 
Watergate (see below), alleviate some of their noticeable 
shortcomings. The GRAF technique achieves high 
selectivity near the water resonance whereas the WGRAF 
method compromises somewhat on the selectivity to 
provide ultra-high suppression of water signal. A brief 
exposition of these techniques is followed by experi¬ 
mental demonstrations on a protein sample. 


Description 

A number of PFG-based suppression of water signal 
techniques are documented in the literature^"the most 
popular method in homonuclear NMR has been the 
WATERGATE sequence^ (Figure 1 a). It consists of the 
sequence where G is a gradient, and B is the 

excitation sequence - 180 (- x) - 90x^^2^, where 

90x^i^ is a selective 90° pulse with phase x, centered 
on water. 0 acts as a net zero rotation sequence for the 
selectively excited region containing the water resonance 
and a 180° rotation pulse for the rest of the spectrum. 
When G^-9-G^ is applied to transverse magnetization, 
it results in a refocusing of the sample and net dephasing 
of the water magnetization (and its selectively excited 
neighbourhood). The result is a significantly high degree 
of water suppression, thus eliminating the need for any 
presaturation. The WATERGATE sequence has been 
successfully incorporated into two-dimensional NOESY 
TOCSY’^ and DGE-COSY'"^ experiments. The problem 
with WATERGATE, however, is that it is essentially a 
rapid, gradient-induced water saturation technique. Since 
saturation takes place just before detection, exchangeable 
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Figure 1. Pulse sequences showing: (a) the ID WATERGATE 
experiment, (b) Flip-back WATERGATE, (c) ID gradient-flipback 
(GRAF), id) ID gradient-flipback-WATERGATE (WGRAF), (e) 
flipback-WATERGATE NOESY, (/) gradient-flipback NOESY, (g) 
gradient-flipback-WATERGATE NOESY, (h) gradient-flipback TOCSY. 
Thin and thick lines indicate 90® and 180° pulses, respectively. The 
selective pulses are shown as filled lobes. The gradient-tlipback- 
WATERGATE-TOCSY sequence is generated by addition of a 
WATERGATE unit to the gradient-flipback-TOCSY sequence of (h) 
with the same phase cycling as in (g). The phase cycles indicated for 
are as follows: <^, = ;r, - x, - x, x, y\ - - y, .v; ^^2 

- .r, y, - y. y, - y; <^>3 = jr, a*, a, a, a, a, a, a; = - a, - a, - a, - a, - a, 

- A, - A, - a; 05= A, A, A, A, A, A, A, A; = - A, - A, - A, - A, - A, - A, 

-x.-A-; *, = a,a,a,a-,a,a,a,a; =-a. - a, - a, - a, - a,-a, - a, - a; 

receiver = a, a, - a, - a, a, a, - a, - a. 
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protons experience saturation transfer effects and remain 
partially saturated between transients*^. Their recovery 
towards equilibrium is tied to that of the dephased H^O 
magnetization, which relaxes rather slowly (on a time 
scale of seconds) as opposed to the usual radiation 
damped recovery of coherent water magnetization which 
occurs on a milliseconds time-scale. The consequence 
is an actual reduction in signal intensity of exchangeable 
protons. Also, since the sequence is applied to transverse 
magnetization, the selective pulses cannot be made too 
long (to avoid relaxation losses and J-modulation). This 
compromise on selectivity leaves a ‘bleached-out’ region 
of about 0.2--0.3 ppm around the water resonance parallel 
to the 0 )^ axis, shown schematically in Figure 2. 

The saturation effects of WATERGATE can be reduced 
by employing the so-called flip-back-WATERGATE 
sequences(Figure 1 b). Beginning from z magneti¬ 
zation, a pair of phase alternating 90 (- - 90 (x) 

pulses serve to selectively return the bulk of the water 
magnetization to the +z axis, so that only the residual 
transverse H^O magnetization is subsequently watergated, 
thus minimizing saturation transfer effects. The flip-back 
also ensures that most of the water magnetization is 
already close to equilibrium at the beginning of the 
detection period and, therefore, relaxation-related pro¬ 
blems are also minimized. However, the problem of the 
bleach-out region remains. This is especially true when 
one needs to compromise on selectivity during the 
Watergate sequence in order to observe rapidly decaying 
signal from very fast exchanging protons. 

In this work we present two approaches to circumvent 
the bleach-out problem, one of which has the added 
benefit of delivering very high quality suppression of 
water signal. The first technique, the gradient-flipback 


Bleached Region 



Unbleached 

Region 


Figure 2. Bleached out region parallel to the axis in WATER¬ 
GATED experiments. 


(GRAF) sequence (Figure 1 c), dispenses with the 
Watergate unit altogether, and concentrates on high 
selectivity near the water resonance. Although the 
resultant suppression of water signal is poorer than 
flip-back Watergate, it is high enough to be used as an 
independent water-suppression module. A schematic 
description is shown in Figure 3. A long, selective 
90 x*^ 2° pulse is used to excite the H.,0 magnetization. 
Due to effects such as rf inhomogeneity and relaxation, 
the entire magnetization is not rendered transverse by 
the pulse, and residual z magnetization remains. The 
transverse components are then destroyed using a gradient 
(GJ, following which the z component is flipped-back 
with a 90(-x)*'*2^-90(x) (flipback) (see Figure 3) 
sequence. The advantage of this method is that since 
the sample magnetization remains longitudinal during 
the sequence, the duration of selective pulses may be 
kept long enough to obtain high selectivity around the 
H 2 O resonance. 

The second technique is based on the fact that owing 
to the symmetry of homonuclear spectra, information 
which is lost parallel to the axis, may be retrieved 
parallel to the co^ axis (Figure 2). However, this requires 
the data to be absolutely free from distortions arising 
from residual water ‘tails’ parallel to the axis. In 
other words, we need to aim for ‘ultra-high’ quality 
suppression of water signal. As demonstrated below, 
this is easily achieved by concatenating a Watergate unit 
to a GRAF sequence. The resultant gradient-flipback- 


a b 





Figure 3. Vector diagram describing the gradienl-tlipback method: fl. 
Sample and water magnetization at equilibrium; b. Selective pulse on 
water generates transverse components and residual z magnetization; 
c, The gradient G, dephases the transverse component; d, a flipback 
sequence returns the residual water magnetization to the z axis. 
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WATERGATE (WGRAF) sequence (Figure 1 d) destroys 
the bulk of residual transverse water magnetization 
remaining after the GRAF module, leading to near 
complete suppression of water signal. 

The incorporation of the basic GRAF and WGRAF 
units into two-dimensional NOESY and z-filtered 
TOCSY^^ experiments is straightforward, as shown in 
Figure 1 f-h. 


Experimental results 

All spectra presented in this paper were recorded on a 
0.5 mM 90% H20/10% D,0 sample of the protein barstar 
at 32°C, pH 6.7, on a" 600 MHz Varian Unity Plus 
spectrometer, equipped with an actively shielded gradient 
probe, driven by a Performa 11 gradient unit. Figure 4 a 
shows a ID spectrum recorded with the GRAF sequence, 
using ~ 20 ms EBURP-1 pulsesfor selective excitation. 
Achievable suppression of water signal is of ‘D 2 O- 



n I --P_-^ 

e.o 3.0 0,0 

ppm 


Figure 4. Comparison of ID spectra of protein bar.star using (a) 
GRAF, (b) flipback WATERGATE and (c) WGRAF spectra, showing 
the degree of suppression achievable using GRAF and WGRAF methods. 
20 ms EBURP-l pulses were used for selective excitation and flip-back, 
gradient strengths of ~ 30 G/cm were used to dephase the water. 


quality’ i.e. similar to what one would obtain in a 
~ 99% D 2 O sample. This is of course poorer, still 
comparable to what is achievable using flipback- 




Figure 5. NOESY spectra of barstar recorded using (a) the GRAF 
sequence and {b) the flipback-WATERGATE sequence. Both spectra 
were recorded and processed with identical parameters after being 
independently optimized for maximum suppression of water signal. For 
the GRAF spectrum, 20 ms EBURPl pulses were used for both selective 
excitation as well as flip-back. The optimum gradient strength and 
duration for C, (Figure 1 b) was 30 G/cm and 2 ms. For the flip- 
back-WATERGATE NOESY sequence (Figure 1 b), G, was 25 G/cm, 
1 ms, 2 ms square pulses were used for selective excitation. The mixing 
time was 200 ms, 16 transients per increment and the relaxation 
delay between transients was 1.5 s. During processing, the water peak 
was removed using a convolution filter. No baseline correction was 
performed on either spectrum. The increased sensitivity of peaks close 
to the water resonance is evident in the GRAF spectrum owing to 
the higher selectivity of excitation. 
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WATERGATE (Figure 4 b). When the WATERGATE 
sequence has been incorporated into the GRAF, the high 
degree of selectivity can be appreciated more clearly 
(Figure 4 c). For all these experiments in Figure 4 
the selective pulses on water are ~20ms EBURP-l 
during the flipback part and -- 2 ms square pulse during 
WATERGATE part of the complete pulse sequence (see 
Figure 1). WGRAF (Figure 4 c) sequence shows amaz¬ 
ingly high quality of suppression of water signal than 
the flipback WATERGATE (Figure 4 b) and GRAF 
(Figure 4 b). Figure 5 compares NOESY spectra recorded 
using GRAF (Figure 5 a) and flipback WATERGATE 
(Figure 5 b) sequences. In both spectra, the residual 
water peak has been removed using a convolution filter'^ 
The significantly higher intensity of peaks near the water 
resonance in the GRAF spectrum is obvious. This is 
demonstrated more clearly in the ID cross section taken 
parallel to the axis (Figure 6). Figure 6 shows that 
the peaks in the bleached region (enclosed within vertical 
lines) are more intense in GRAF (Figure 6 a) than 
flipback-WATERGATE (Figure 6 b), but the intensity 
of peaks in the other region of spectra is not affected. 

Figure 7 a and b shows WGRAF-NOESY and 
WGRAF-TOCSY spectra of barstar. No post-processing 
of data (such as removal of the water line and baseline 
correction) has been performed on either spectrum. While 


the bleach-out region is expectedly large, the near com¬ 
plete suppression of the water resonance leads to all 
the expected benefits: Ha-NH and Ha-sidechain cross 
peaks - even from those protons which are exactly under 
the water resonance are visible parallel to the co^ axis. 
Line broadening is a general property of this protein 
and several amide protons are not observable because 
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I'i^urc 6. (. lusf; scciion parallel to (he vv2 axis taken lYom the GRAF 

spectrum (a) and flipback WATERGATE spectrum (b) shown in Figure 
5. The bleach-out region is enclosed within vertical lines. The higher 
intensity near the water resonance is clearly visible in the GRAF 
spectrum. 
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Figure 7. (a) WORAF-NOESY and (h) WGRAF-TOCSY specti-a 
recorded on barstar. The arrows indicate the H,0-NH exhange peaks. 
The gradient-flipback parameters for the NOESY spectrum are the 
same as in Figure 5 a. For the WATERGATE sequence, the gradient 
strength was 25 G/cm (1 ms) and the selective pulse was 2 ms. In the 
TOeSY experiment, the mixing time was 60 ms, 8.2 ms SEDUCEI 
pulses were used for the GRAF unit and 1.8 ms square pulses for the 
WATERGATE. Gradient strengths and durations were G,: 25 G/cm 
(I ms), G{. 30 G/cm (1ms), Gy 16 G/cm (0.5 ms) and 250 )is stabi¬ 
lization delays were used. 
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of extreme line broaclening"^^ The undetected and hence 
the unassigned amide protons are most likely due to 
their fast-exchange with the solvent water molecules^ 
The strong H 2 O-NH exchange peaks (shown as arrows 
in Figure 7 a and b) expected under the given sample 
conditions, provide additional evidence that exchangeable 
proton intensities are not being affected by these 
sequences. Since many amide protons exchange with 
water, the exchange bands (shown as arrows) look thick 
and hence it is difficult to assign the exact resonances. 

Discussion 

We have demonstrated the development of two new 
selective-pulse and pulsed-field gradient based tech¬ 
niques for achieving extremely high suppression of water 
signal in homonuclear NOESY and TOCSY spectra. 
Both the sequences complement and improve upon the 
standard flipback-watergate method: the gradient-flipback 
(GRAF) sequence permits significantly higher selectivity 
around the water resonance, whereas the gradient- 
flipback-watergate (WGRAF) sequence yields ultra-high 
quality suppression of water signal. Although all exam¬ 
ples have been presented on the protein barstar, the 
sequences have been tested with equal success on other 
proteins, a variety of DNA fragments and peptides. 

It must be noted, however, that just as with any other 
technique, the GRAF and WGRAF sequences have their 
drawbacks. In NOESY spectra, the two selective pulses 
are applied at the end of the mixing time. Since these 
are typically of the order of 20 ms each (for high 
selectivity), the mixing time is limited by the duration 
of these pulses. Also, the success of these techniques 
relies on the fact that the water magnetization returns 
to the +z axis at the end of the mixing time by radiation 
damping. However, this is not true for short mixing 
times (- 50 ms)‘^’. Therefore, the performance is certainly 
degraded at shorter mixing times. Nonetheless, spectral 
quality is still far better than corresponding presaturation 
or jump-return spectra (data not shown). In TOCSY 
spectra, long selective pulses cannot be applied at the 
end of the mixing time, in order to avoid NOE effects. 
However, we have found that 7-8 ms SEDUCEl (ref. 
19) pulses provide high selectivity and no NOE artifacts 
have been noticed as yet in any TOCSY spectrum. 
Therefore, from a practical viewpoint, these are in no 


way serious handicaps. The GRAF and WGRAF 
sequences, we feel, represent a significant contribution 
towards the capability to perform these experiments on 
a single sample, prepared in aqueous solution. 
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Combining the long series of the simultaneous data 
of the horizontal component of the geomagnetic field 
(H) at the equatorial station, Trivandrum and at the 
low-latitude station, it has been shown for the first 
time that the disturbance daily variation of the equa¬ 
torial electrojet current has a very clear anti-Sq 
shape with a minimum around noon. Disturbance 
atmospheric dynamo seems to be a plausible expla¬ 
nation, but some systematic magnetospheric processes 
related to local solar time may also be effective 
sources for the phenomenon. 

With the availability of the data of geomagnetic H at 
only six low-latitude stations, three of these are from 
India. EgedaP showed that the daily range of H is 
intensified over a narrow belt of ±3° over the magnetic 
equator. This was attributed to a band of strong eastward 
current — equatorial electrojet - over the magnetic equa- 
torl The first theoretical model of the equatorial electrojet 
was provided by Baker and Martyn'^ based on the 
enhancement of the electrical conductivity over the mag¬ 
netic equator where the electric field is orthogonal to 
the magnetic field and where (E region of the ionosphere) 
the mobilities of the positive ions and electrons are 
different. 

Besides the abnormal enhancement of the solar daily 
variation of H over the magnetic equator, various other 
features of the low-latitude ionosphere, viz. the solar 
flare effects, lunar tides, solar eclipse effects at low 
latitudes reflect the characteristics of the equatorial 
electrojet. The presence of plasma irregularities in the 
E and F regions of the ionosphere and the equatorial 
ionization anomaly are the specific results of the ortho¬ 
gonality of the electric field with the ionization density 
gradient and the magnetic field over the magnetic equator. 
These aspects of the equatorial electrojet have been 
reviewed by Rastogi"^. 

The effects of the magnetic disturbances on the H 
field at low and middle latitudes consist of two com¬ 
ponents; one related to the universal time (UT) and the 
other to local solar time. The UT component of AH is 
associated with the onset of a magnetic storm with the 
arrival of solar plasma cloud, and the consequent for¬ 
mation of equatorial ring current around the earth, and 
associated magnetospheric disturbances. The local solar 
time component of AH is associated with the changes 
in the electric field in the ionosphere, plasmosphere or 


in the magnetosphere related to the solar time at the 
place. Moos^ was the first to derive these two components 
of the geomagnetic disturbances in H field at Bombay. 
The UT component now called ‘storm time variation 
(Dst)’ is derived from the hourly means of the H field 
during number of storms with time reckoned from time 
of the onset of the storm. The local solar time component 
is derived by arranging the values of H according to 
local time for a number of disturbed days. Presently 
this component is derived by subtracting the average 
daily variation on five international quiet days (Sq) from 
the same averaged over five international disturbed days 
(Sd) and is called disturbance daily variation (SD). 
Sabine^ isolated some (periodicities) in the declination 
data at high-latitude stations on disturbed days. This 
effect was seen to be larger during local summer and 
least during local winter and showed a dependence on 
sunspot numbers. 

Moos^ using the Colaba magnetic data for the period 
1846 to 1905, first removed the storm time variation 
and then arranged the deviations of AH according to 
the local time. The resultant curve was basically a single 
sine wave of 24 h periodicity with a maximum at 06 
local time (LT) and a minimum at 18 LT. Chapman’ 
analysed the data from 12 observatories and 40 magnetic 
storms from 1902 to 1911 and arrived at a similar 
conclusion. 

Vestine et ai^ studied the Sq and SD variations of 
the northward field (X) at a number of stations, including 
for the first time, an equatorial electrojet station Huan- 
cayo. The results of Sq(X) and SD(X) variations derived 
from his work are shown in Figure 1. It is seen that 
the SD variation does not show any abnormal increase 



Figure 1. Solar quiet day variations (Sq) and disturbance daily 
variations (SD) of the northern component of the geomagnetic field 
(X) at a number of stations, after Vestine et alA 
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in amplitude as Sq does. Chapman'^ had concluded that 
the SD(H) variation at Huancayo is normal as contrasted 
with the remarkable enhancement of both Sq and L. 
Similar conclusions have been derived by Matsushita’”, 
and Sugiura and Chapman”. It has been observed that 
the mid-day values of electrojet strength in Indian as 
well as in American sector are consistently smaller on 
disturbed days than on quiet days during any of the 
solar epoch‘s. Yacob’^ studied the SD(/f) and Dst(H) 
variations at Indian observatories during IGY period. 
He found that the disturbances are of about the same 
magnitude during the night time at the three observatories, 
while during the day time disturbance magnitudes near 
the magnetic equator are enhanced. 

The geomagnetic variations at ground level have been 
now identified to be the resultant of electric currents 
in the ionosphere, and various levels of upper atmosphere 
and magnetosphere together with the current induced 
inside the earth. There is no unique and definite method 
of isolating these sources from ground geomagnetic data. 
The ionospheric drift observations at Thumba have pro¬ 
vided a data associated with the ionospheric electric 
field in the electrojet region and these data have isolated 
some new results. The magnitude and direction of iono¬ 
spheric drift were shown to be closely related to iono¬ 
spheric electric field in respect to daily or seasonal 
variations'^. One of the important results was- that the 
ionospheric drifts during the mid-day hours and hence 
the eastward electric field decreases systematically with 
increasing magnetic activity'^. Using the ionospheric and 
magnetic data at Huancayo coupled with VHP backscatter 
radar data at Jicamarca, it was observed that sometimes 
during magnetic disturbance equatorial electric field dur¬ 
ing the day time does reverse to westward direction 
Rastogi and Patil'*^ showed that AH at Trivandrum (TRD) 
minus AH at Alibag (ABG) at the same time is directly 
related with the Doppler shift of VHP back scatter radar 
at Thumba during quiet as well as disturbed conditions”. 
Thus AH (TRD-ABG) is a direct measurement of the 
ionospheric electrojet electric field. 

In this paper AH at TRD and ABG on quiet and 
disturbed days during the period 1958-1968 have been 
examined to study the disturbance daily valuation (SDi 
of the electrojet current. 

The magnetic observatory at TRD (long. 77°E dip angle 
1°S) is situated very close to the axis of the equatorial 
electrojet. The observatory at ABG (long. 72.9°E dip angle 
24°N) is situated well outside the range of equatorial 
electrojet effects. Thus, subtracting the hourly values of 
AH at ABG from the corresponding AH at TRD, one 
gets a very precise measure of the strength and direction 
of the electrojet cument. A positive value of AH 
(TRD-ABG) indicates an westward current at 100 km 
altitude. The value of AH (TRD-ABG) indicates a west¬ 
ward current at 100 km level even though the global Sq 


current at 106 km above the magnetic equator may still 
be eastward'I 

The monthly mean solar daily variations of the H 
field at both the stations were computed using hourly 
set of data from 00.5 to 24.5 UT on five international 
quiet (IQ) and five international disturbed (ID) days of 
each month. The inequalities between the first and 
twenty-fifth values were adjusted by distributing it 
throughout the day. The deviations of A// on IQ and 
ID days were computed with respect to that on 0.5 h 
LT. The disturbance daily variations SD(H) were com¬ 
puted by subtracting the Sq from the corresponding Sd 
variations. The monthly mean solai* daily variations on 
ID minus Q days were averaged for the two years 
1958-1959, 1960-1961, 1962-1963 and 1964-1965 for 
both the stations TRD and ABG as well as for TRD 
minus ABG. Pigure 2 shows the yearly average SD 
variations of SD{H) at TRD, ABG and TRD - ABG for 
each of these epochs. 

The SD(//) variation at ABG during any of the solar 
epochs consists of a single sine wave with a dawn 
maximum and a dusk minimum. The amplitude of the 
wave decreased progressively with the decrease of solar 
activity from 1958 to 1965. 

The SD(//) variation at TRD also shows a dawn 
maximum and a dusk minimum and the range of the 
wave decreased progressively from 1958 to 1965. How¬ 
ever, contrary to what is observed at ABG, the curves 
representing SD(//) at TRD show a very important 
minimum around mid-day hours during any of the years. 

To ascertain whether the abnormal feature of SD{H) 
at TRD is a mid-day depression or an afternoon secondary 
maximum we examined the SD(H) of TRD-ABG. It 


ALIBAG . TRIVANDRUM TRD-ABG 



Fijjiirc 2. Ilio disturbunce daily variations of the lioi i/.onuil geoniag- 
neiic field (SD, H) at Alibag (ABG), Trivandrum (TRD) and the 
difference SD(H) (TRD) - SD(//) (ABG) averaged for .successive two 
year periods 1958-1959, 1960-1961, 1962-1963 and 1964-196.5. 
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is very clear that there is a definite day time decrease 
of the H with a minimum at noon. This suggests that 
the geomagnetic disturbances are associated with the 
imposition of a westward electric field over the electrojet 
region. 

Comparatively most of the studies on SD(H) variations 
have been made for middle- and high-latitude stations 
and little attention has been paid for the data at equatorial 
stations. The first theoretical explanation of SD(//) vari¬ 
ation was put up by Chapman*^ as due to up and down 
motion of the ‘ionospheric layer’ whose conductivity 
was greater over the PM than over the AM hemisphere. 
Chapmanfound that the vector diagrams of the current 
for stations in the auroral zone were elongated in the 
direction of transverse to the magnetic meridian while 
at other stations the curves were more or less oval. He 
suggested that near the auroral zone there may be 
considerable change of type in SD as the intensity of 
the disturbance increases or decreases. The auroral current 
zone broadens and moves toward lower latitudes during 
periods of intense disturbance. Staggs” concluded for the 
presence of a narrow zone symmetrically encircling the 
magnetic axis pole and 23° from it, the direction of 
this current flow being east to west in early local 
morning hours and in the opposite direction in the 
evening. McNish^' showed that the auroral zone has a 
controlling and initiating influence over the world-wide 
electric currents responsible for SD. Bartels and 
Johnston"^ constructed SD graphs for seven observatories, 
showing the effects of season sunspot cycle and magnetic 
activity. Their curves did not show any enhancement 
of SD(H) at Huancayo as is Sq and L. Namikawa^^ 
obtained the current system from 45 observatories in 
middle and low latitudes for the second polar year. 
Thus, the role of auroral electrojet current in the low and 
middle latitudes were overwhelmingly coming through. 

Akasofu and Chapman*^* showed that the growth of 
auroral electrojets can greatly enhance the equatorial 
electrojet. They suggested that part of the return current 
spreading from the aurora zone to the ionosphere in 
low and middle latitudes can extend to as far as the 
late afternoon side along the magnetic equator. Later 
Akasofu and Chapmair^ suggested that the SD variation 
in low latitudes is not associated with the return current 
of the polar electrojet. They concluded that the origin 
of the major part of the SD variation in low latitude 
is located beyond the F layer of the ionosphere. 

Vestine and Chapman"^’ suggested the dynamo theory 
of SD variation due to the wind system modified by 
the impact of particles of solar origin. A similar con¬ 
clusion was drawn by various workers^^""‘'^. Cole^^’ sug¬ 
gested that a combination of dynamo and externally 
generated electric field is likely to be needed in explaining 
the magnetic disturbance phenomena. Dungey*^’ showed 
that SD and other magnetic disturbance phenomena 
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might be accounted for by combining the effects of 
interplanetary magnetic field and the viscous interaction 
at the magnetopause. 

It may be stressed that all these theories do not 
consider the enhancement of SD variation of equatorial 
electrojet observatories during mid-day hours. Numerous 
evidences are available to show that during periods of 
geomagnetic activity, ionospheric electric fields and cur¬ 
rent at low and equatorial latitudes are very different 
from those during quiet patterns^^”^^ One of the sources 
of the additional electric field at the low latitudes is 
due to the solar wind/magnetpsphere interaction. The 
magnetic field associated with the solar plasma interacting 
with the magnetosphere generates -vxBz electric field 
which can be communicated to high latitudes along 
geomagnetic field lines^'^. These electric fields penetrate 
directly to low latitudes through the conducting iono¬ 
sphere by a process shown by Kikuchi et and 
Kikuchi and Araki^^k The other process could be called 
disturbance dynamo which could be a modern modifi¬ 
cation of the dynamo theories of the SD. Blanc and 
Richmond^^^ described the numerical simulation of ther¬ 
mospheric winds produced by auroral heating during 
magnetic storms, and of their global dynamo effects 
leading to ‘an ionospheric disturbance dynamo’. They 
suggested that the auroral heating generates equatorward 
winds at mid-latitudes, which make a westward motion 
of the atmosphere with respect to the earth. The westward 
wind in turn generates equatorward Pedersen currents 
which accumulate charges towards the equator, resulting 
in the generation of a poleward electric field, a westward 
ExB drift and an eastward current, finally resulting in 
an anti-Sq type of current vortex. Their suggestion of 
disturbance dynamo may be useful to explain the decrease 
of equatorial electrojet following major magnetic storms. 
The present analysis shows a regular westward electric 
field at equatorial latitudes during varying geomagnetic 
activity not directly related to geomagnetic storms. 

It has been only due to high quality of geomagnetic 
data at three equatorial electrojet observatories operating 
since 1958 which has enabled such a conclusion of a 
regular westward electrojet current during geomagnetic 
activities. Rastogi and Chandra^^^ have shown that the 
equatorial ionospheric drift and hence the ionospheric 
electric field during mid-day hours decreases uniformly 
with the increase of Bz component of the interplanetary 
magnetic field (IMF). The westward electric field 
opposing the normal Sq field with increasing Bz of IMF 
is distinctly different from the disturbance dynamo field 
suggested by Blanc and Richmond'^’. 

Finally, it may be mentioned that Hutton^^"^ had con¬ 
cluded that the disturbance daily variation of the equa¬ 
torial electrojet has a maximum at noon hours, contrary 
to the findings of the present paper. It has been realized 
that Hutton had derived SD variation of the electrojet 
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by subtracting SD(H) variation at Bangui (dip 7°S) for 
the year 1956 from the SD{H) variation at Ibadan (dip 
2.5°S) for the year 1958. The two years had very 
different solar activity, and hence the geomagnetic dis¬ 
turbance activity, and this led to the misleading con¬ 
clusions by Hutton. One has to use simultaneous data 
from low and equatorial stations from the same longitude 
sector for obtaining a correct picture of disturbance 
effects on the equatorial electrojet. 

A systematic anti-Sq variation of the equatorial elec¬ 
trojet has been shown to exist during disturbed days, 
as earlier suggested by the ionospheric drift observations 
at Thumba. Similar analyses are necessary on the equa¬ 
torial electrojet observations at different longitudes and 
to assess how much this effect is due to the disturbed 
atmospheric dynamo initiated by the magnetic storms. 
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Biotechnological potential of 
naturally occurring and 
laboratory-grown Microcystis in 
biosorption of Ni^^ and Cd^"^ 

L. C. Rai, Sarita Singh and Subhashree Pradhan 

Laboratory of Algal Biology, Department of Botany, Banaras Hindu 
University, Varanasi 221 005, India 

In this article we provide information on the biosorp¬ 
tion of Cd^^ and NP by capsulated nuisance cyano¬ 
bacterium Microcystis both from field and laboratory. 
Compared to laboratory, the naturally occurring cells 
show higher efficiency both for (14%) and Cd^^ 
(9%) biosorption. Freundlich and Langmuir constants 
revealed that Microcystis is not only an excellent 
biosorbent for metal removal but it has greater affinity 
for Cd^^ than Freundlich isotherm was found 

to explain the biosorption mechanism more explicitly 
than Langmuir isotherm, both for single metal and 
for the bimetallic combination. Freundlich mathe¬ 
matical model further revealed that the biosorption 
would follow different courses at low and high con¬ 
centrations. The failure of Freundlich and suitability 
of BET isotherms at high metal concentration dem¬ 
onstrated a multilayer binding of metals by Micro¬ 
cystis. 

Increasing contamination of aquatic resources with a 
host of pollutants including heavy metals, is not only 
endangering the aquatic biota but creating a world-wide 
shortage of recreational and drinking waters. This has 
aroused concern in the minds of public health engineers 
and biotechnologists to find out economically viable 
strategies which could help in the restoration of such 
abused ecosystems. It is befitting to state that physico¬ 
chemical methods available for metal removal require 
large capital and energy investments. For this reason 
biosorption is emerging as an effective alternative techno¬ 
logy to overcome the problems associated with physico¬ 
chemical methods. Biosorption consists of two phases: 
(i) passive adsorption which is generally a rapid cell 
surface binding, the efficiency of which is dependent 
on the cell wall structural organization' and metal solution 
chemistry, and (ii) active phase which is an energy-de- 
pendent slow process”. 

Several species of microalgae including the green alga 
Chlorella^, blue-green alga Anabaena'^ , marine algae-\ 
bacteria^ mossess’, and macrophytes^ have been used 
for heavy metal removal. However, monospecificity and 
good operational conditions are some of the prerequisites, 
difficult to maintain, that limit the practical application 
of these organisms. 

Microcystis, an abundantly occurring nuisance cyano¬ 
bacterium in many eutrophic ponds and reservoirs of India 
and other tropical countries, is responsible for unpleasant 


odour (upon death), fish kill due to sharp decrease of 
oxygen content, and death of wild birds and cattle due 
to ingestion of the toxin produced by certain strains. It 
appears to be a potential candidate for use as metal 
biosorbent. This cyanobacterium occurs in naturally 
immobilized state due to the presence of capsule or slime 
layer around the cell. The structure of capsule has been 
studied by Nakagawa et al? and Plude et Nakagawa 
et and Doers and Parker^' demonstrated that Microcystis 
slime or capsule has tremendous potential for interaction 
with cations. Parker et al}^ further demonstrated that 
cations play major role in regulation of the viscous nature 
of capsular polysaccharide. 

Taking recourse to the above characteristics, we thought 
of exploring the possibility of using Microcystis as a 
suitable biosorbent for restoration of metal contaminated 
aquatics. Nevertheless, this study is the first of its kind 
to make analytical comparison to evaluate the biosorption 
efficiency of naturally occurring and laboratory-grown, 
capsulated and decapsulated Microcystis for biotechno¬ 
logical application in metal removal. Different adsorption 
isotherm models have been employed to explain metal 
biosorption by Microcystis in single metal and the 
bimetallic system. 

Microcystis collected from Luxmi Kund in Varanasi 
was isolated in pure form and cultured in Parker’s 
medium'^ pH 9.2 at 29±20°C under continuous illumi¬ 
nation of 72 jimole photon m"^ s~' light intensity. Expo¬ 
nentially grown Microcystis cells were harvested by 
centrifugation, washed twice with Mili ‘Q’ water, and 
known quantities of homogenized cells (0.80 mg dry wt) 
were added to flasks containing known doses (1- 
32 pg mT') of test metals (NiCU.6H20 and CdCl2.2H20) 
in 10 ml Mili ‘Q’ water (preadjusted pH 9.2 by 1 N 
NaOH or 1 N HCl). The flasks were agitated at 300 rpm 
in continuous light at 29 ± 2°C in an environmental 
shaker model 3597-ICOGMPR USA. Samples were with¬ 
drawn at known time intervals to measure the residual 
metal (Ni, Cd) content in the aqueous solution by 
Perkin-EImer atomic absorption spectrophotometer model 
2380 respectively at 232 and 228.8 nm. Sorbent from 
the solution was separated by vacuum filtration using 
0.45 pm cellulose acetate Sartorius membrane filters. 

For comparing the biosorption potential of Microcystis 
(both from naturally occurring and laboratory-grown) in 
single metal and the bimetallic combination of Ni and 
Cd, a similar set of experiment was carried out. The 
dry weight was measured by filtering cells through 
preweighed membrane filters (0.45 pm) and drying them 
at 80°C for 1 h. 

Figure 1 shows equilibrium mass isotheimi of Ni^"^ 
and Cd''*' biosorption by naturally occurring and labo¬ 
ratory-grown Microcystis. Two saturation values were 
observed at equilibrium concentration. The first and 
second saturation values obtained for Cd^"^ biosorption 
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with naturally occurring and laboratory-grown Mh 
crocystis were respectively at 3.0, 12,3 and 3.2, 
12,5|igml'^ equilibrium free metal concentration. At 
these concentrations, Cd^'*’ biosorption was maximum, 
i.e. 24.2, 54.4 and 22.1, 53.5 |ig Cd-^mg"' dry wt 
respectively for the first and second saturations. Likewise, 
the saturation values for Ni"'*’ biosorption were observed 
at 5.1, 21.0 and 5.3, 21.7 jag mf^ equilibrium concen¬ 
tration. Maximum Ni""* binding capacity of Microcystis 
both from naturally occurring and laboratory-grown was 
respectively 18.1, 90.0 and 16.0, 80.2 |ig Ni^^ mg'* dry 
wt. This figure shows an initial 27% higher biosorption 
of Cd^^ than Ni"'*' on a weight basis. After the first 
saturation, Ni^"^ biosorption registered a sudden 36% 
increase over Cd""^. The biosorption of Cd"”^ and Ni‘'*‘ 
by capsulated Microcystis could be due to the presence 
of galacturonic acid (major constituent) and carbohydrates 
in the cell wall. The carboxyl groups (-COOH) of 
galacturonic acids are the main metal-sequestering sites’"*. 

R-COOH-RCOO“ + H^ 

The initial rapid Cd""^ binding may be due to its 
greater affinity (higher AT,, and n value) for cell surface 
than Ni-"^. A sudden increase in Ni^*" biosorption in the 
second saturation may be due to an increased cell 
permeability at high concentration, resulting presumably 
into simultaneous operation of both active and passive 
uptake’^. The biosorption rate of both the metals was 
dependent on initial concentration, i.e. biosorption of 
and Cd“'^ increased at increasing initial metal con¬ 
centration (Table 1)'^’. Naturally occurring Microcystis 



Figure 1. Equilibrium mass isotherm for Ni"’" and biosorption 
by naturally occurring and laboratory-grown Microcystis in the single 
ion system. 
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showed approximately 14% and 9% higher biosorption 
efficiency respectively for Ni^*^ and Cd^"^ than the labo¬ 
ratory-grown cells. A comparatively reduced uptake of 
metals by laboratory-grown cells may be due to decrease 
in the slime layer of such cells’^ Capsulated cells, 
however, showed 40-50% higher biosorption efficiency 
than decapsulated cells (data not shown). This may be 
due to the larger surface area of capsulated than the 
decapsulated cells. 

Figure 2 shows a comparison of NP and Cd“‘*' biosorp¬ 
tion by the test cyanobacterium in the bimetallic com¬ 
bination of test metals. Even in the combined state Cd^*^ 
showed single ion-like behaviour (see Figure 1), and 
Ni^"^ showed an indifferent behaviour. Up to 6.5 |i.g ml"’ 
concentration Ni^^ registered fluctuation, i.e. an increase 
or decrease in biosorption, which could be due to 
adsorption and desorption of metals. Since nickel is 
highly mobile, it is generally adsorbed to a small extent 
only’^ The observed rapid increase in Nr'*' biosorption 
could be due to increased cell wall permeability. Figure 
2 further revealed that in the bimetallic combination 
Cd"'*' biosorption was less than its single metal condition. 
It can be inferred that Ni”'*' antagonistically affects Cd^^ 
biosorption because both are bivalent cations and compete 
for the common binding sitesHowever, at high con¬ 
centration because of increased permeability, both ions 


Table 1. Effect of initial metal concentration on biosorptioii rate 
of Ni^^ and Cd-- 


Initial metal 
concentration 
Cpg ml"') 


jig metal mg ‘ 

dry wt min"‘ 





Naturally 

occurring 

Lab. 

grown 

Naturally 

occurring 

Lab. 

grown 

1.510 

0.016 

0.012 

0.063 

0.051 

4.036 

0.024 

0.021 

0.100 

0.095 

8.080 

0.030 

0.026 

0.185 

0.172 

14.320 

0.105 

0.083 

0.244 

0.227 

20.150 

0.124 

0.120 

0.272 

0.262 

32.355 

0.149 

0.134 

0.489 

0.346 



4 0 12 16 20 24 28 32 

Concentration ijaq mhl) 


Figure 2. Ni""^ and Ccl‘* biosorpiion by naturally occurring and 
laboratory-grown Microcystis from the bimetallic combination. 
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Table 2, Comparison of Freundlich and Langmuir constants for Cd“’^ and Ni""^ biosorption for single 
metal and for the bimetallic combination 






Freundlich 



Langmuir 


Metal 

Condition 

Combination 

K, 

n 

R- 



R- 


Cap (F) 
Cap (L) 

Single 

0.152 

0.111 

1.876 

1.912 

0.911 

0.971 

0.097 

0.119 

11,235 

8.771 

0.771 

0,730 

Ni-^ 

Cap (F) 
Cap (L) 

Single 

0.052 

0.028 

1.404 

1.240 

0.847 

0.892 

0.023 

0.011 

25.000 

37.030 

0.170 

0.074 

Cd-" 

Cap (F) 
Cap (L) 

Bimetallic 

0.049 

0.080 

1.821 

1.-712 

0.940 

0.966 

0.090 

0.069 

9.174 

8.547 

0.827 

0.802 

Ni-" 

Cap (F) 
Cap (L) 

Bimetallic 

0.190 

0.341 

1.356 

1.464 

0.669 

0.539 

0.020 

0.001 

20.000 

166.600 

0.081 

0.000 



Figure 3. Freundlich isotherm for Ni“* and Cd‘^ biosorptioii by 
naturally occurring and laboratory-grown Microcystis. 


find entry into the cell, thus inhibiting the biosorption 
of each other. 

The Freundlich (x/ni = and Langmuir (Ce/Q ~ 

\/K^K^-¥ C/K^) isotherm constants and correlation 
coefficients (R-) (Table 2) indicate a linear correlation 
for Cd“'^ biosorption both in single metal and the 
bimetallic combination. This table further suggests that 
correlation coefficient (/?~) values for Freundlich in single 
metal (0.911, 0.971) and the bimetallic combination 
(0.940, 0.966) are better than Langmuir (0.771, 0.730 
for single and 0.827, 0.802 for bimetallic) isotherm. In 
contrast to Cd~'", Ni“*’ biosorption showed a much linear 
correlation for Freundlich (0.847, 0.892) than Langmuir 
(0.170, 0.070) in the single ion system. A very poor 
performance of Freundlich isotherm is reflected by R~ 
values (0.669, 0.539) for Ni""^ biosorption in the bimetallic 
combination. It is worth stating that the extremely low 
R^ values (0.089, 0.000) for Ni""^ biosorption in the 
bimetallic condition ruled out the possibility of appli¬ 
cation of Langmuir isotherm. Table 2 further revealed 
(i) a higher biosorption of Cd'*" than Nr'^, and (ii) a 
greater affinity of Microcystis for Cd"^ than Ni^'*' in both 


Table 3. BET isotherm constants for Cd"’*' and Ni^'" biosorption 


Metal 


BET 



c 


Cd^* (F) 

2.092 

21.727 

0.946 

Cd^* (L) 

1.855 

21.560 

0.948 

Ni-^ (F) 

2.150 

9.686 

0.864 

Ni-* (L) 

2.178 

5.810 

0.816 


for single metal and for the bimetallic combination. 
Besides, the n value clearly shows that Microcystis is 
a good biosorbent for Cd""^ and Ni^^ . 

In order to check how far the correlation coefficient 
values support the linearity of Freundlich isotherm, the 
isothermal data (logx/m against log C^) were graphically 
represented in Figure 3. This figure showed two linear 
regions for Freundlich lines, one at low concentration 
and the other at high concentration. This not only points 
toward a change in the biosorption mechanism at low 
and high concentration but non-applicability of Freundlich 
model on the experimental data. Hence, we decided to 
study the biosorption behaviour at high concentration 
which can be best explained by BET isotherm (Table 
3). This isotherm says that single layer formation at 
low concentration, is followed by the multiple layers at 
high concentration. Mathematical expression of BET 
isotherm can be expressed by: C/V (C^, - C^) = 
1/V,./- + (c - 1) C/V^^cC^^. The plot of 

C/Cy V(1 - C/CJ against CyC^ should be a straight 
line, where is the equilibrium concentration; V the 
specific amount of sorbed cation; C, the saturated con¬ 
centration of adsorbate; the amount of cations to 
form monomolecular layer; c the constant. 

A linear relationship obtained in Figure 4 suggests 
that biosorption not only follows the BET isotherm at 
higher concentration but also a multilayer binding. This 
study clearly revealed that adsorption may be both 
species- and metal-specific and variable under single 
metal and the bimetallic combination. Hence before 
recommending the test cyanobacterium for removal of 
specific metal, one should have information about the 
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Figure 4. BET isotherm for and biosorption by naturally 
occurring and laboratory-grown Microcystis. 

nature of biosorption of that particular metal in defined 
condition. 

The application of mathematical models and constants 
has demonstrated that (i) Microcystis is an excellent 
biosorbent, (ii) the naturally grown cells are better than 
the laboratory-grown cells, (iii) biosorption is multilayer, 
and (iv) this biological biosorbent is quite similar to 
physical biosorbent, hence, it may replace the physical 
biosorbents. We are currently evaluating the potential 
of Microcystis as well as optimizing different environ¬ 
mental conditions for the use of this test cyanobacterium 
in removal of heavy metals from aquatics polluted with 
different metals. 
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Solubilization of phosphorus by 
Trichoderma viride 

D. Anusuya* *^ and R. Jayarajan* 

^Department of Botany, Bangalore University, Bangalore 560 056, India 
^Department of Plant Pathology, Tamil Nadu Agricultural University, 
Coimbatore 641 003, India 

Solubilization of insoluble phosphates by Trichoderma 
spp. has been described and their solubilizing effi¬ 
ciency compared with that of certain known phosphate 
solubilizers. T. viride proved to be an efficient solu¬ 
bilizer of tricalcium phosphates. 

Of the various macronutrients, phosphorus plays an 
important role in plant growth and reproduction. Further 


Tor correspondence. 


availability of phosphorus in soil is conditioned by 
various factors and is a major limiting factor for the 
growth of plants. Soil organisms, specifically bacteria^ 
and fungi"’^ growing in the root region of plants play 
an important role in supply of phosphorus, Kundu and 
Gaur"^ have reviewed the role of fungi in solubilization 
of rock phosphate in soil. The main problem in appli¬ 
cation of P as a plant nutrient in P-fixing tropical soils 
is its conversion to unavailable P in soil up to 85%. 
Therefore, for making P available to plants, several 
microorganisms are used as P solubilizers. 

The soil-borne fungus Trichoderma is a very effective 
biocontrol organism used against several soil-borne plant 
pathogens. It is now widely used both in India and 
abroad under several trade names like BINAB and 
Trichodes. 

Although phosphate solubilization by bacteria has been 
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Table 1. Microbial solubilization of phosphates 


Tricalcium phosphate Rock phosphate 


Organism 

Acid 

phosphatase 

activity'' 

Maximum P 
solubilized as 

P 2 O 5 

(mg/100 ml 
broth) 

Mycelial 
mat wt 

(g) 

Turbidity 

(NTU) 

Final 
pH of 
medium 

Acid 

phosphatase 

activity" 

Maximum P 
solubilized as 
P 2 O 5 

(mg /100 ml 
broth) 

Mycelial 
mat wt 
(g) 

Turbidity 

(NTU) 

Final 
pH of 
medium 

A.s’pergillu.\' 

awarnori 

0.027 

0.456 

7.0 

85 

4.0 

0.013 

0.420 

4.7 

45 

4.5 

Bacillus 

megcitherhan 

0.036 

0.63S 

0.0 

73 

4.0 

0.051 

0.530 

- 

50 

4.5 

Trichoderma 

harziamun 

0.036 

0.638 

4.3 

95 

4.5 

0.009 

0.638 

2.9 

31 

4.0 

Trichoderma 

pseudokoningii 

0.016 

0.620 

4.4 

62 

4.5 

0.013 

0.530 

3.4 

57 

4.5 

Triochodenmi 

viride 

0.027 

0,639 

4.7 

85 

4.0 

0.009 

0.585 

6.3 

62 

4.5 


^Expressed in pg-P nitrophenol released/100 mg tissue/h. 
NTU, Nephelometric turbidity unit. 


extensively studied^, little attention has been devoted to 
the part played by biocontrol agent Trichoderma. The 
objective of the present study was to test several species 
of Trichoderma, commonly used as biocontrol agents 
for their ability to solubilize water insoluble phosphates. 
With this in view, in vitro studies were carried out to 
test the amount of P solubilized by three species of 
Trichoderma and to compare it with P solubilized by 
Bacillus megatherium and Aspergillus awarnori. Two 
forms of P mainly tricalcium phosphate (TCP) and rock 
phosphate (RP) were used for the present study. 

Three selected strains of Trichoderma, viz. T. viride, 
T harzianum, T. pseitdokoningii were procured from 
the Department of Plant Pathology, Tamil Nadu Agri¬ 
culture University, Coimbatore. Their efficacy was com¬ 
pared with A, awarnori and B. megatherium with proven 
efficiency to solubilize different phosphates. Pikovskaya’s 
medium described by Pikovskaya**’ and modified 
Pikovskaya medium described by Sunder Rao and Sinha^' 
were used in the experiments. 

Phosphate solubilizing activity was assayed in 100 ml 
aliquots of Pikovskaya’s broth. The medium was modified 
by replacing TCP with RP equivalent of 0.2% P 2 O 5 . 
The method was essentially the same as described by 
Bardiya and Gaur^.The flasks were incubated at 32°C 
for 15 days. The medium was analysed for soluble P. 
For this 5 ml growth medium was taken out from the 
flask, filtered through Whatman filter paper (No. 42) 
and the filtrate analysed for P^O.^ content by the chloro- 
stannous reduced molybdophosphoric blue method^ The 
final pH of the growth medium and turbidity were noted. 
For each batch separate control was kept. Phosphatase 
activity was estimated by the method described by 
Tabatabai and Bremner^ 

Data indicated that among three species of Trichoderma 
tested, Trichoderma viride was superior to B. mega¬ 


therium in solubilizing P from TCP and RP with 
significant increase in mat weight over test organisms 
due to addition of rock phosphate. 

More phosphate solubilizing (PS) activity and acid 
phosphatase was observed with TCP treated with 7. 
harzianum. The turbidity of culture media was much 
reduced with RP treatment compared to control. 

Table 1 shows that all the three test fungi were 
capable of solubilizing RP and TCP. RP was solubilized 
to a lesser extent than TCP as evidenced by maximum 
solubilization of RP by T. harzianum and maximum 
solubilization of TCP by T. viride. 

Between two types of phosphates tested, the highest 
solubilization of TCP was by T. viride. Bardiya and 
Gaur studied RP solubilization by Aspergillus sp. and 
Pencillium sp. A. awarnori and B. polymyxa in the 
present study showed lesser extent of solubilization while 
comparing the relative efficiency of PS organisms using 
different phosphates. It was observed that, solubilization 
of phosphates depended on the nature of phosphates 
and the organisms. This is the first comprehensive report 
on Trichoderma species solubilizing different insoluble 
forms of phosphate compounds. Application of 
Trichoderma has a growth-promoting effect on pulses 
and oil seeds'”. The present findings establish that release 
of P for growth of plant is an additional advantage of 
this biocontrol fungus, which is more effective in 
solubilizing insoluble P than B. megatherium. 
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Potential distribution of methane 
hydrates along the Indian continental 
margins 

Y. Hanumantha Rao, S. I, Reddy*, Ramesh Khanna, 
T. G. Rao, N. K. Thakur and C. Subrahmanyam 

National Geophysical Research Institute, Hyderabad 500 007, India 

Bathymetry, sea-bottom temperature, geothermal 
gradient within the sediments and latitude are some 
of the important parameters that control the thickness 
of Hydrate Stability Zone (HSZ) in marine environ¬ 
ment. This thickness for Indian continental margins 
is calculated from simultaneous solutions of gas- 
hydrate phase and pressure-temperature equations 
using the available data set for the parameters listed 
above. These results are presented as a contour map 
of potential thickness of HSZ which helps in searching 
for bottom simulating reflectors. If gas-hydrates occur 
along the Indian continental margins, then the 
potential thickness of HSZ can be inferred from this 
map. 

Gas-hydrates are ice-like crystalline compounds of water 
and gas molecules that are stable at sufficiently low 
temperatures and high pressures. Generally, these con¬ 
ditions can be met either in deep continental margins 
or in permafrost regions of the world'. It is estimated 
that energy in gas-hydrate reserves is twice the known 
fossil fuel energy reserves of the world. In marine 
environment, gas-hydrates can be inferred from an anoma¬ 
lous reflector encountered on marine seismic records. 
These reflectors are observed to mimic the seafloor 
topography and hence are called the bottom simulating 
reflectors (BSRs). BSRs are observed to be in close 
coincidence with the theoretical base of the methane 
hydrate stability zone™. 

Gas hydrates can form and accumulate in marine 
sediments with sufficient gas molecules in pore water, 


if the thermodynamic conditions are favourable. For the 
production of biogenic methane there must be a sedi¬ 
mentation rate greater than 30 m Ma“', an organic carbon 
content exceeding 0.5% and a residual methane content 
> 10 ml r' (ref 3). Along the Indian continental margins, 
sedimentation rate and organic carbon content are in 
excess of the minimum requirements, the average content 
of organic carbon being 1.5% (ref. 4), 

The gas-hydrate exploration program requires identi¬ 
fication of BSRs at the appropriate depth corresponding 
to the base of hydrate stability zone on the seismic 
sections. In this paper, theoretical base of hydrate stability 
for the Indian continental margins is computed and 
presented as a contour map. This map will be useful 
to the explorationist in setting a depth window for 
searching BSRs. 

The well-known gas-hydrate phase diagram illustrates 
the phase equilibrium among gas-hydrates, free-gas and 
aqueous solution, and also the physical parameters con¬ 
trolling the formation of gas-hydrate (P, T, and salinity). 
Phase diagram for continental margins (Figure 1) shows 
that.these conditions can be met in the shallow layers 
of the sediments at water depths exceeding 500 m to 
some depth below the seafloor controlled by geothermal 
gradient. Along the Indian continental margins these 
conditions can be met at water depths exceeding 750 m 
(ref 5). This corresponds to the intersection point of 
hydrothermal gradient curve for tropical conditions with 
phase boundary curve. However, introduction of higher 
molecular weight gases (ethane, propane) to methane 
allows the gas-hydrates to form at low pressures and 
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Figure 1. Phase diagram of iiioihanc hydrate in iriarine environment. 
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higher temperatures, i.e. in shallow waters^ Vertical 
extent of sediment layer from seafloor to the intersection 
point of phase boundary curve with geothermal gradient 
curve in the sediments gives the thickness of HSZ. The 
presence of salts in pore water shifts the gas-hydrate 
phase boundary to the left, which reduces the thickness 
of HSZ. 

Miles’^ described a method by which the depth to 
HSZ can be determined on the basis of gas-hydrate 
pressure-temperature phase diagram. 

P = 2.8074023+^7+ bT^ + cT^ + dT\ (1) 

where = l,559474x lO"'; /? = 4.8275x 10""-; c = 

-2.78083x 10"^; 1.5922x 10"^ 

The temperature-depth function from the seabed tem¬ 
perature (T^) and the geothermal gradient is 

7 = 7 + (AT/AZ)Z, (2) 

where 7^ (°C) is the temperature at depth D in the 
sediment 

D = + Z (mbsl), where is the water depth (m). 

The pressure (MPa) to depth D (m) conversion gives 
P = [(1 + C,)7) + x 10"", (3) 


where C, = (5.92 + 5.25 sin" (lat)) x 10"^; lat in degrees; 
C 2 = 2.21x 10"^ Transforming eq. (2) into a function 
for Z and substituting into eq. (3) gives 

P = [(1 + C^) (Z + (7 - 7^) AZ/A7) 

+ C, (Z + (7 - p) AZ/A7)"]10"", (4) 

which is the hydrostatic pressure-temperature relationship 
within the sediment in the same units as in eq. (1). 
The simultaneous solution of eqs (1) and (4) can be 
found analytically by an algorithm. 

To estimate the potential distribution of methane 
hydrate stability zone along the Indian continental mar¬ 
gins, information on bathymetry, ocean bottom tempera¬ 
ture and geothermal gradient in the sediments is required. 
Bathymetry and ocean bottom temperature data were 
obtained from the Oceanographic Data Centre (ODC) 
at National Institute of Oceanography (NIO), India as 
well as from NOAA (USA). Geothermal gradient is one 
of the important parameters, which controls the lower 
limit of hydrate stability zone. For the West Coast, 
geothermal gradient data were digitized from the contour 
map of Pande et al}. The average geothermal gradient 
values (derived from scanty data) for each basin of the 
East Coast regions available from the unpublished reports 
of ONGC, were adopted in the computation. Therefore, 
an average geothermal gradient for each subbasin of the 
East Coast region has been used in computations. 
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Figure 2. Potential thickness of HSZ for Indian continental margins. A represents location of HSZ computation. 
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Figure 3. Seaboltoni lemperaiure contour map (contour values in "C) for Indian offshore 
regions. 


Simultaneous solutions to gas-hydrate phase and pres¬ 
sure-temperature equations were obtained for HSZ thick¬ 
ness at a number of spot locations. This HSZ thickness 
is presented as a contour map together with location of 
computation points in Figure 2. Seabottom temperature 
contour map for Indian offshore regions is given in 
Figure 3. The validity of this map assumes significance 
provided the presence of gas-hydrate is confirmed on 
the basis of BSRs. Beyond this depth even if methane 
gas exists, it will be available as free gas only. 

The stability of gas-hydrate phase diagram calls for 
a minimum water depth of 750 m for Indian margins, 
as discussed earlier. This 750 m bathymetry territory is 
demarcated as blank zone where the possibility of 
occurrence of gas-hydrate is minimal. In this zone, even 
if sediments are rich in organic carbon content, pres¬ 
sure-temperature conditions may not favour the formation 
and existence of gas-hydrate. The HSZ map indicates 
that the depth to BSR is generally great along the 
continental margins in regions of low temperature gra¬ 
dient and high bathymetry. Off Mangalore coast, an 
increase in BSR depth is associated with low temperature 
gradient whereas off Bombay coast, shallowing of BSR 
due to high temperature gradient can be observed. As 
mentioned earlier, the geothermal gradient data for East 
Coast basins are very sparse. Therefore, drawing similar 
conclusion for this region may not be ctppropriate. Off 
Madras coast, an increase in BSR depth is observed 
with an increase in water depth. 


The study presents a HSZ map and a first order 
estimate of the probable thickness of HSZ along the 
continental margins of India from the available geo¬ 
physical data. This map guides the explorationist to set 
the depth window to search for BSRs. The validity of 
derived results could only be ascertained by carrying 
out systematic reflection seismic surveys in the Indian 
offshore regions. 
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Anomalous mass distribution in the 
epicentral area of Latur earthquake, 
India 
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National Geophysical Research Institute, Hyderabad 500 007, India 

A detailed gravity survey in the epicentral area of 
Latur earthquake of 30 September 1993 has delineated 
NW-SE and NE-SW trends similar to the regional 
ones, besides some additional trends which intersect 
in the epicentral area of this earthquake and its 
aftershocks. It has also delineated several low 
amplitude small wavelength gravity Mows’ and ‘highs’ 
which are caused by local shallow sources. The epi¬ 
centre of main shock coincides with a NW-SE gravity 
gradient, suggesting its association with a local 
tectonics related to similar oriented regional tectonics 
and reactivated under suitable conditions. 

The observed gravity field is separated into 
regional and residual components, and the latter is 
modelled due to a low-density layer in the upper 
crust (10-12 km) warping up to a depth of 3.5 km 
along the axis of gravity Mows’ and some high-density 
bodies in the basement. The low-density bodies 
coincide with the conductive bodies delineated from 
magneto-telluric measurements and may represent 
fluid filled fractured zones in the basement at a 
depth of approximately 3.5 km in the epicentral area. 
High-density source mass may indicate basic intru¬ 
sions or lithological changes due to inclusion of high- 
density metasediments and metavolcanics in the 
basement. The high-density and low-density bodies 
in basement make the area very heterogeneous and 
can cause local stress concentration at their contact 
with host rocks. They can also provide path for 
seepage of meteoric water to greater depth and can 
enhance the fluid pressure by reducing porosity and 
permeability which may trigger seismic activities. 

The Latur earthquake of magnitude 6,1, which occurred 
in the peninsular shield of India on 30 September 1993, 
is one of the deadliest earthquakes razing several villages 
and killing about 10,000 people'. There have been several 
earthquakes in the peninsular shield of India in the past 
which were mainly attributed to some known features 
such as older rifts like Godavari rift and Narmada-Son 
lineament or reservoir-induced seismicity as in the case 
of Koyna earthquake of 1967 and subsequent tremors. 
The Latur earthquake could not be explained in the first 
instance due to absence of known specific tectonic 
features. However, now it is considered owing to the 
accumulation of stress in the upper crust due to erosion 
and presence of fluid^ and reactivation of an old fault^. 


The Latur area is covered by Deccan Traps which 
erupted during Late Cretaceous (66 my)"^ when India 
passed over Reunion hot spot during its drifts from 
Gondwana land to its present position. There are several 
lineaments in this region which are largely oriented 
NW-SE and NE-SW, some of which may be faults^. 
The epicentre of this earthquake is located almost at 
the eastern fringe of the exposed Deccan Trap (Figure 
1). The focal depth of this earthquake is estimated to 
be 2.5 km (ref. 6). The fault plane solution indicates 
NW-SE oriented reverse faulting. The study of after¬ 
shocks yields focal depth starting almost from 0.5 km 
up to 10 km but majority of them are confined to upper 
5 km (ref. 7). 

As this area is covered by the Deccan Trap, the 
subsurface geology/tectonics is unknown and has been 
a matter of speculation. Therefore, detailed geophysical 
surveys are essential to delineate subsurface structures 
and tectonics. Gravity surveys are extremely useful as 
they provide two-dimensional maps capable of delineating 
structures in a plane and provide information on their 
third dimension, namely depth extent. 

Various geoscientific experiments conducted in Latur 
region after this earthquake have provided several in¬ 
formation about structure/tectonics of this region relevant 
to this earthquake''. The Bouguer anomaly map of the 
epicentral area shows several linear structural trends and 
blocks which are at different levels indicating movement 
along their boundaries. The epicentre of this earth¬ 
quake coincides with the junction of these trends*''. 
Magneto-telluric (MT) studies revealed a conductive 
zone at a shallow depth of 10-12 km in the entire area 
which warped up to a depth 5-6 km in the epicentral 
area"’. The Latur earthquake has caused a rupture at 
the surface. A borehole located at this rupture has 
provided mainly tholeiitic basaltic flows up to a depth 
of 338 m and encountered a gneissic basement at a 
depth of 346 m, with 8 ra of intratrappean section of 
oxidized shale and conglomerate between them". 

The regional Bouguer anomaly map of Deccan Trap 
(Figure 1)‘“, prepared from data recorded along roads 
at 6-7 km spacing, shows large wavelength gravity 
anomalies oriented mainly NW-SE which are basically 
of crustal origin'*\ However, there are some short wave¬ 
length anomalies of small amplitude oriented NE-SW 
along the eastern fringe of the trap south of Killari 
(Figure 1), suggesting the intersection of these two 
prominent trends in the epicentral region of this earth¬ 
quake. 

The Bouguer Mow’, centered at Kuruduvadi extending 
NW-SE, does not coincide with Balaghat range, 
suggesting that it is not related to isostatic compensation. 
The Balaghat range, whose average elevation is approxi¬ 
mately 600 m, shows the positive isostatic anomaly, 
suggesting it to be under compensation which may cause 
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Figure 1. Regional Bouguer anomaly map of i:)cccan volcanic province showing major struciural trends and the epicenter of the Laiur earthquake. 


changes in the stress conditions at shallow depth. How¬ 
ever, in order to delineate shallow/basement tectonics 
relevant to the present earthquake, a detailed gravity 
survey of the epicentral area at a closer station-spacing 
of approximately 1 km was undertaken, which revealed 
several shallow structures . 

Figure 2 presents the Bouguer anomaly map of the 
epicentral area based on the data recorded along 
roads/tracks at a station-spacing of approximately 1 km 
using a Lacoste-Romberg gravimeter. The overall accu¬ 
racy of the present survey may be of the order of 1 
mgal (ref. 9). Another gravity survey conducted by 
Geological Survey of India in this region*"^ also presents 
a similar Bouguer anomaly map, confirming its accuracy. 
The Bouguer anomaly map shows several Mows’ (Lj-L^) 
and ‘highs’ (H,~H 3 ) of 4-5 mgal amplitude oriented 
mainly NW-SE, NNW-SSE, NE-SW and E-W. This 
suggests that though the two regional trends, namely 
NW-SE and NE-SW are common, there are some 
additional trends which intersect in the epicentral area. 
A close examination of the Bouguer anomaly map 
(Figure 2) indicates that there are more than one sources 
of these anomalies. As is evident from Figure 2 , there 
are at least two specific kinds of anomalies: (1) Relatively 
small amplitude, elongated ‘highs’ of short wavelength 
(Hj, H 2 and H 3 ). Sources of these anomalies may be 
shallow high-density bodies. (2) Relatively small ampli¬ 


tude elongated ‘lows’ of short wavelength (L, to L^) 
which may represent shallow sources of low-density. 

It may be noted that the epicentre of the Latur 
earthquake coincides with the gravity gradient between 
gravity ‘high’ (H,) and ‘low’ (L,) and the epicenters 
of the aftershocks are mainly confined to the gravity 
‘low’ (L,), suggesting its significance. These observations 
are important as they are associated with the epicentral 
area. To model these gravity anomalies, we selected 
two profiles A-A' and C-C'. The profile A-A' is chosen 
to pass through the maximum gravity anomalies while 
profile C-C' approximately coincides with the MT profile 
discussed by Sarma et al}^\ The gravity anomalies along 
these profiles are modelled using the inversion scheme 
by Webring^^. 

The profile C-C' which coincides with the MT profile 
presents two gravity ‘lows’ (L, and L 3 ) and two ‘highs’ 
(H, and H^) (Figure 2). We have selected regional from 
our recent study in this area using a method proposed 
by Subbarao'^ It is based on zero free air anomaly 
value in the surrounding region which corresponds to 
isostatic compensated level. This regional component is 
removed from observed field (Figure 3). The residual 
field is modelled constrained with available information. 
The trap thickness along the profile which varies between 
200 and 400 m, is adopted from the MT results. The 
resulting model is shown in Figure 4 . 
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The second profile A-A' passes through the maximum 
observed anomalies (H,, H, and H 3 and L,, L, and L^) 
in this area. The observed Bouguer anomaly is likewise 
separated into regional and residual components and 
modelled using similar approach (Figure 5). 

Both the models show a low-density body at a depth 
of approximately 8-12 km warped up in the epicentral 
region to a depth of 3-4 km to explain observed low. 


O gravity low 
I <^GRAVITY HIGH ^ 

area showing s 

Cy CLUSTER OF AFTER 
^ SHOCKS 

^9 CONDUCTIVE LAYER ^ 
iUP depth in Km 
(MT STUDIES) 

Qe) epicenter V 

^ BOREHOLE, SURFACE 
RUPTURE j 



It approximately coincides with the conductive layer 
reported from MT measurements referred above. How¬ 
ever, the observed low can also be explained with 
Proterozoic sediments below trap but it requires sedi¬ 
mentary thickness more than 1 km, which seems to be 
unlikely, although few tens of meter thick sediment 
cannot be ruled out. The gravity highs are caused by 
high-density bodies in the basement. 

The continental shields, which form the old parts of 
the continents, are supposed to have mature tectonics 
which do not get affected in the present times. However 
the occurrence of several earthquakes in the shield 
regions of the world indicates that they were not as 


Modelling of Gravity Anomalies along Profile C-c' 
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Figure 4. Gravity profile C ~C along a magneto-telluric (MT) profile'". 
The modelled basic intru.sivcs and low-density bodies along with their 
densities are shown in the section. The low-density bodies coincide 
with the conductive bodies obtained along the MT profile. 
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Figure 2. Bouguer anomaly map of the cpiceniral area showing the 
central block of aftershocks coinciding with a pair of gravity ‘low’ 
and ‘high’. The profiie.s used for modelling are also shown here. 
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Figure 3. Gravity profile C'-C with observed and isostalic region. 
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Figure 5. Gravity profile A-A passing through maximum observed 
anomalies in this region and the modelled causative sources along 
with their densities showing the extension of low and high-density 
bodies along other profiles. 
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stable as thought of and are prone to seismic activities 
though to a much lesser extent compared to plate 
boundaries‘I Continental shields largely consist of two 
partSj namely mobile belts and cratons. Mobile belts 
consisting of rifts, thrusts, etc. have been active in the 
geological past, and are therefore more prone to seismic 
activities compared to the cratons which show very little 
tectonic activity during geological past. However, it has 
been found that in several cases intraplate earthquakes 
occur on secondary faults instead of first order faults 
like thrust and riftsAssociation of intraplate earth¬ 
quakes with gradient of gravity anomaly and intrusions 
as in the present case has also been reported by McGinnis 
and Ervin''^ which may be caused by inhomogeneities 
in rigidity^*’. McKeoir' has suggested that local high 
stress concentration could occur within the intrusions 
and at their contacts with host rock. 

The Bouguer anomaly map of the epicentral area of 
Latur earthquake has delineated several low-amplitude 
small wavelength anomalies of shallow origin. Their 
modelling along two profiles has delineated some high- 
and low-density bodies in the basement at different 
depths. The low-density bodies which almost coincide 
with conductive body, delineated from MT measurements 
may be fluid-filled fractured zones. The low-velocity 
layer is also reported in this area at almost similar 
depth". The high-density bodies may represent lithological 
changes due to high-density metasediments and meta- 
volcanics rocks which are exposed south of Deccan 
volcanic province or basic intrusions in the basement. 
The presence of rocks of different densities suggests 
the area to be very heterogeneous, which is also indicated 
by the presence of high frequency content and longer 
signal duration of aftershocks"^. Intrusive bodies can 
provide path for seepage of meteoric water and can 
reduce the permeability and porosity and increase the 
fluid pressure. The lower value of the heat flow’^ 
suggests fluid to be water which might have percolated 
through fractures and faults from surface or been trapped 
there, being released from various geological processes. 
Fractures filled with high pressure fluid provide an ideal 
environment for slippage of rocks due to even small 
accumulation of stresses leading to an earthquake"'^’”'\ It 
is, therefore, likely that the interaction of changes in 
regional stress regime, local stress and fluids in fractured 
basement in epicentral area may be responsible for these 
seismic activities. 
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Multibeam bathymetric data from seafloor area of 
24,568 km^ constrained between magnetic anomaly 18 
and anomaly 25 in the Central Indian Ocean Basin 
(CIOB) reveal presence of three types of seafloor 
lineaments. Deformation of seafloor across these line¬ 
aments, oriented in N-S, NW-SE and E-W directions, 
vary in time and space. A sharp change in nature 
and orientation of these seafloor lineaments, as well 
as of magnetic anomalies, occurs along 73°E long., 
which appears to act as contact between older crust 
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in the east {-56 Ma) to the younger crust on the 
west (~38 Ma). This sharp contact along the 73°E 
long, probably suggests a structural discontinuity, 
reflecting variation in crustal accretion at the ridge 
crest in the past. 

Geomorphological studies in the Central Indian Ocean 
Basin (CIOB) assume importance due to the presence 
of two types of crust, formed simultaneously from two 
different spreading ridges at variable speeds in the 
geological past. This makes CIOB to be the best site 
to test variation in seafloor characteristics in response 
to changing spreading rates. The crust generated from 
ridges bears impressions in the form of ridge parallel 
abyssal lineaments, fault scarps and foldsThese vari¬ 
able rates of crust formation, and offsets of the seafloor 
due to fracture zone have given rise to structural and 
topographic complexities in the larger part of the CIOB. 
Detailed multibeam bathymetry study in the CIOB reveals 
intense axial ridge parallel faulting and folding, the 
nature and intensity of these flexures (in terms of 
amplitude and wavelength) and nonuniform spacing of 
fault scarps implies pronounced effect of regional tectonic 
activities'"^. Seasat gravity and stress regime data when 
combined with the detail bathymetric data strongly sug¬ 
gest that formation and nature of the seafloor crenulation 
in the CIOB are spreading rate dependent and probably 



Figure 1. Detail tectonic configuraiion of the present day Central 
Indian Ocean Ba.sin (after ref. 6). Dashed lines are trace of the fracture 
zones and transform faults across Central and Southeast Indian ridges. 
Numbered lines are magnetic anomalies with numbers. Box filled with 
dots on the eastern side of the CIR indicates the study area. Trace 
of triple junction on the Indian plate is shown by solid line with star. 
Closed contours are Chagos ridge and Mascarene plateau. 


reflect the migration and upwelling history of the melt 
at the active ridge crest^. 

To test earlier findings, a comparatively smaller part 
of CIOB was chosen for the present study (Figure 1). 
The study area draws significance from the fact that it 
includes three types of lineaments of variable orientations. 
Such differences in orientation are also manifested in 
the disposition of magnetic anomalies^. An attempt is 
made in this paper to document such variations and 
later examine briefly the structural fabric of the area in 
the context of regional tectonic frame, particularly during 
the days of major reorganization at anomaly 18 time. 

The study area is bounded by the lat. 10°33'S and 
11°53'S and long. 72°36'E and 74°06'E (Figure 1), 
covering total seafloor area of 24,568 km^. The data 
used for present study were collected using hydrosweep, 
a multibeam seafloor bathymetry survey instrument. In¬ 
stead of conventional single beam echo-sounder, which 
provides a spot depth along the survey track, hydrosweep 
with acoustic pulse from 59 beams generated from the 
hull-mounted transducers provides much detailed con¬ 
toured bathymetry with a seafloor coverage of twice the 
water depth. The study area is comprised of crusts of 
two contrasting and variable ages. The crust east of 
approximately 73°E long, is constrained by magnetic 
anomalies 23 (- 50,6 Ma) corresponding to the southern 
limit and A25 (~ 56) to its northern boundary^"*^. In 
contrast, the seafloor west of 73 °E long, is constrained 
by magnetic anomaly 18 (~ 40-38 Ma)^. The major part 
of the underlying crust of the study area (particularly 
the eastern part), thus appears to have formed at relatively 
faster rate from the Indian ocean ridge at an estimated 
speed of 150 mm/year full rate*^"^. 

The area also encompasses a major, long and wide 
73°E fracture zone (shown in Figure 2 along 73°30'E 
long.), two seamounts and three types of abyssal linea¬ 
ments. The width of the fracture zone increases towards 
south, averaging about 15.4 km in the present study area 
(range 13.8 km to 17 km)^. Two seamounts were located; 
one circular and large, about 2100 m in height is located 
on the west of the fracture zone, while the other, 
comprises of three small abyssal hill summits with a 
common base, is located east of the fracture zone. The 
73°E fracture zone and seamount characteristics would 
be dealt with separately. 

In general, bathymetry of the western part of the 
study area is more rugged compared to the eastern part. 
Seafloor lineations distinctly differ in orientation from 
each other, and characteristically one does not overlap 
the other. Seafloor lineaments are mostly comprised of 
folds and fault scarps, and are collectively termed seafloor 
crenulations. The E-W oriented lineaments are termed 
type A lineaments, which are restricted to the seafloor 
located east of the 73°E long. West of this long, two 
types of lineaments occur. South of lUS lat. the line- 
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aments are oriented in NW~SE direction and are termed 
type B, while north of 11°S lat. lineaments are oriented 
in N-S direction and are termed type C (Figure 2). To 
understand basinal geomorphology of the study area in 
terms of compressive and tensional stress, bathymetric 
data along 7 short profiles, covering more than 251 km 
in length, are analysed. These profiles are chosen parti¬ 
cularly across all the three types of lineaments and then 
mutually compared to assess the degree of disturbance 
or nature of crenulations. Profiles 1, 2 and 3 are taken 
across the E-W trending lineaments, profiles 4 and 5 
are drawn across NW-SE lineaments, while 6 and 7 
run across N-S lineaments (Figure 2, Table 1). Seafloor 
crenulations (folding and faulting) along three typical 


profiles each representing one type of lineaments are 
shown in Figure 3. 

The E-W oriented type A lineaments encompass fault 
scarps, elongated small abyssal hills, and folded seafloor. 
Profile 1 runs across the crenulations on the eastern 
side, while profiles 2 and 3 run on the western side of 
the fracture zone. The seafloor along profile 1 shows 
lower degree of crumpling. Wavelength of the crenulated 
seafloor varies between 11 km and 22 km, and amplitudes 
ranged between 50 m arid 110 m. Water depth along 
this profile, however, does not vary much (4890 to 
5050 m). Along profile 2, seafloor is found to be 
intensely crumpled; wavelength of the crumpling varies 
between 4.2 km and 15.5 km and amplitude ranges 



Fir»iire 2. '('his map is prepared from iiuiltibeam sealloor bathymetry data and shows seatloor lineamenis which are fault scarps 
and folds. Location of the profiles is shown by dashed lines and are represented with profile numbers from PFl to PF7. The 
average depth of the seafloor is 5000 m, and the seafloor lineaments are represented by lines with dip direction. Single line 
represents faults with fall of 100 to 200 m, two lines indicate faults with displacement of > 200 to 500 m, three lines are faults 
with more than 500 m displacement, and four lines with displacement of more than 1500 m. In some cases single lines represent 
straight contour trend. The closed contour lines represent seamounts. Seamount on the west is > 2100 m high. Note the spacing 
between the lineaments; lineaments are closely spaced on the western side of the 73°E longitude. The NNE-SSW oriented 
73°E fracture zone is marked. 
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between - 30 m and 425 m. Water depth along this 
profile varies between 4570 m and 5200 m. Profile 3 
runs across the seafloor located between the large 
seamount on the west and the 73°E fracture zone on 
the east. Seafloor along this profile is intensely disturbed. 
Compared to seafloor disturbance recorded along other 
profiles, wavelength of the seafloor crumpling along 
profile 3 has been less, between 4.2 km and 8.1km, 
although amplitudes of such crumpling have been quite 
high, ranging between 30 m and 330 m (Table 1). In 
the southwestern part of the study area, the NW~SE 
trending seafloor lineaments predominate. Along both 


Tabic 1. Seafloor geomorphology in the study area 


Lineation 

type 

Profile 

no. 

Profile 

orientation 

(degrees) 

Profile 

length 

(km) 

Crenulations 

Amplitude 

(m) 

Wavelength 

(km) 

Type A 







1 

NI7E 

38.3 

50-110 

11-22 


2 

N12E 

35.7 

30-450 

4.2-15 


3 

NlOE 

25.1 

30-330 

4.2-8.1 

Type B 







4 

N44E 

41.6 

100-800 

4.5-22 


5 

N23E 

35.1 

40-375 

10.4 

Type C 







6 

N97E 

33.7 

1550 

_ 


7 

N87E 

37.7 

130-350 

13-17 




the profiles 4 and 5, these seafloor lineaments show 
high degree of crumpling. The amplitude of such crum¬ 
pling is enormous, ranging between 100 and 800 m 
along profile 4, and 40 to 375 m along profile 5. 
However, wavelength of the seafloor crenulation (= de¬ 
formation) along these profiles has been low 4.4-22 
and 10.4 km respectively. Water depth variation along 
these profiles is between 4200 and 5400 m in profile 
4, and 4600 and 5800 m along profile 5 respectively. 
Results of profiles 1 to 5 help understand the nature 
of crenulated deformation of the seafloor in response 
to the then prevailing stress regime. 

In the northwestern corner of the study area, between 
lat. 10°33'S and 11°S and long. 72°36^E and 73°06'E, 
the seafloor lineaments are very closely spaced and 
oriented in N—S direction. These lineaments show a 
sharp fall in depth of seafloor to western boundary 
amounting to throw of few hundreds of metres. More 
particularly, around lat. 10°45'S the throw has been 
maximum, along western boundary the throw amounts 
to about 2400 m while along the eastern boundary, the 
throw is about 700 m. Two profiles 6 and 7 run across 
these type C lineaments. Along profile 6, variations in 
the water depth are from 3475 to as low as 5800 m. 
A deep trench is clearly seen along this profile, following 
a steep rise in height of ~ 2300 m across the western 
boundary of type C lineaments. The abrupt rise is 
followed towards east by minor uneven plateaus for a 


PF 6 



Figure 3. Bathymetric profiles across the three types of lineaments present in the study area. PF2 is 
drawn across type A lineament, PF4 across type B, while PF6 is taken acros.s type C lineament. Location 
of these profiles in the study area is shown in Figure 2. Note the remarkable variation in the amplitude 
of deformation reflecting anomalous stress regime. 
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distance of about - 13 km and then another steep fall 
towards east in two steps; first by 800 m, followed by 
the second fall of 900 m (Figure 3), Profile 7 runs 
across the seafloor a little northeast of the profile 6. 
Throughout its length profile 7 represents uneven 
seafloor. The amplitudes of the seafloor unevenness 
(crumpling) vary between 30 and 350 m, with wavelength 
ranging between 13 and 17 km (Table 1). From the 
regional tectonic angle, this prominent N-S lineament 
appears to be an extension of Chagos ridge and associated 
trench formed by the eruption of Reunion hotspot. 
Additional survey has recently been made in this area 
to understand detail geotectonics of these lineaments, 
which will be published separately. 

From the orientation of the lineaments located in the 
study area, it appears that 73°E long, and the 1 US lat. 
forms certain boundaries. The 73°E long, separates the 
type A lineaments from B and C types, while along 
IPS lat. B and C types of lineaments are separated. 
Broadly, the seafloor on the eastern side of the 73°E 
long, is comparatively less crenulated, and shows low 
amplitude and high wavelength of seafloor deformations; 
whereas the seafloor on the western side of the 73 °E 
long, shows high amplitude and low wavelength crenu- 
lations. Since intensity and degree of ridge parallel 
lineaments reflect the spreading conditions at the ridge 
crest regime^, seafloor on the eastern part of the study 
area with low amplitude and high wavelength crenulations 
seems to have been generated at faster spreading rate. 
Seafloor covered by type B lineaments, on the other 
hand, shows low wavelength and high amplitude cre¬ 
nulations compared to type A, suggesting its generation 
at comparatively slower rates. Along this lat. orientations, 
nature and intensity of the seafloor crumpling varies 
strikingly. 

On plotting the tectonics of the present study area 
on the map of the Indian ocean magnetic anomalies of 
Royer et ai^ (Figure 1), it is seen that a sharp contact 
in bathymetry separates the magnetic anomalies 18 and 


24. Incidentally, the orientation of the magnetic anomaly 
18 corresponds to the seafloor lineaments of the B type 
(NW-SE directed) and that of A 24 with the A type 
(E-W oriented) seafloor lineaments. And the boundary 
between these two groups of lineaments runs along 73 °E 
long. Further, magnetic^"”^ data suggest that seafloor on 
the west of the 73°E long, was generated during A18 
(i.e. between 40 Ma and 38 Ma), when large scale plate 
tectonic reorganizations in the Indian ocean occurred. 
In contrast, area east of 73°E long, shows older anomalies 
A23-A25 (50.6 Ma-56 Ma). On a much broader scale, 
the seafloor details in the study area seem to agree with 
earlier findings^"'*^, that direction of plate movement in 
the Indian Ocean had changed from NNE to ENE during 
the time between A20 and A18. And as a result of 
such a change in plate movement, the area around 73°E 
long, (including 73°E fracture zone) must have been 
tectonically activated to a large extent and intensity. 
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BOOK REVIEWS 


Ecology and Evolution of Plant - Feed¬ 
ing Insects in Natural and Man-made 
Environments. 50B Pocket, Siddhartha 
Extension, New Delhi 110 014, Inter¬ 
national Scientific Publications, Raman, 
A. ed. 1997, 245 pp. Price not given. 


This book has come at an appropriate 
time when natural environments are being 
constantly intruded by man. Man¬ 
made environments, especially agroeco¬ 
systems, are coming up very rapidly. The 
principles and theories in insect ecology 
which have arisen mainly from studies 
made in natural ecosystems, may change 
in man-made environments, as the latter 
is subjected to human pressures in the 
form of mechanization, fertilization, pes¬ 
ticides, irrigation, introduction of crop 
hybrids and varieties, etc. These pressures 
come in varied forms and frequencies, 
that on a far shorter temporal scale (as 
compared to natural environments), 
insects are subjected to manifold changes. 
In this ‘melee' both insects and their host 
plants do evolve adaptive strategies, which 
form the main thrust of the 18 articles 
in this book. A fairly good representation 
of articles affecting ecology of phyto¬ 
phagous insects in natural and artificial 
environments gives the reader adequate 
leverage to compare the effects of man- 
induced changes in insects. 

It is well known that insects form the 
largest group of animals and therelbre, 
it is only natural to suppose they influence 
the food web, and in turn arc also most 
influenced by ecological changes (includ¬ 
ing man-induced). While insects have a 
wide adaptation, the emphasis in this 
book is on plant-lceding insects. Inevi¬ 
tably, therefore, the core areas of the 
book have bearing on agro-ecosystems, 
and thus the findings of the book have 
added value in pest management sciences. 

The first article on ‘Ecology and 
evolution of plant-feeding insects in 
natural and man-made environments: An 
introduction’ is by the Editor, A. Raman, 
which sets the tone for the whole book. 
He takes pain to summarize the themes 
of the book, viz. host finding and quality, 
host plant resistance, community structure 
and behaviour, mutualism and disease 
agent, and evolution. The book offers 
useful pointers on these. 

For instance, L. A. Mound discusses 
the relationship between gall-forming 


thrips and plants. Two examples quoted 
are the relationship between gall forma¬ 
tion and low nutrient status;*and, shedding 
of damaged leaves being less expensive 
energetically than retaining damaged 
leaves and producing new ones. Such 
instances will motivate readers to study 
insect-plant (crop) interaction in nutrient- 
depleted zones, which is a phenomenon 
in agro-ecosystems, while keeping ener¬ 
getics also in focus. 

The cue can perhaps be taken from 
G. S. Taylor’s article on lerp insects in 
the article on the development and 
survival of insects after manipulating 
levels of nitrogen in leaves of Eucalyptus, 
Taylor’s study showed that nitrogen 
affects growth rate, survival and fecundity 
of insects. 

The influence of environmental factors 
on insect-plant resistance needs parallel 
laboratory investigations too, as demon¬ 
strated by Juenger et al in their article 
on gall wasp. Further, Dankert et al in 
an interesting, controlled field study, 
showed the potential of forest tent 
caterpillar defoliation to have negative 
indirect effects on gypsy moth perform¬ 
ance that are both immediate and delayed. 
They infer that change in host quality, 
due to the attack of a defoliator, will 
increase the susceptibility of low-density 
species {sic) to natural enemies. That is 
an interesting dimension to tri-trophic 
inter-specific relationship. 

Against this backdrop, an interesting 
article on a chalcid gall wasp, lowbush 
blucherry (a koinobiont) and a parasitoid 
inter-relationships by Bagatto and Short- 
house is quite exciting under the section 
‘Community structure and behaviour’. A 
few more such articles under this section 
would have been a real treat for insect 
ecologists. 

The two articles on mutualism would 
have been more relevant under the topic, 
evolution. The article on mites as vectors 
of plant pathogens by Karl Maramorosch, 
is the only article appropriate to disease 
agents. Maramorosch’s article highlights 
the emergence of viroids, phytoplasmas, 
spiroplasmas and double membrane bound 
(DMB) bodies in the last 25 years. I rate 
the paper, though the shortest, as the 
most useful and informative, especially 
in the Indian context, when new diseases 
are emerging at a regular pace. 

The article under evolution, and the 
article on evolutionary constraints and 


adaptive paths leading to mutualistic 
interactions between plants and insects 
by Ganeshaiah et al would interest 
evolutionary biologists. Ideas like ‘strate¬ 
gies that seem to benefit the partners 
would only evolve once the incidental 
benefits of their selfish strategies catalyse 
the system towards mutualism’ should 
excite scientists. In a changed environ¬ 
mental condition, the natural food avail¬ 
able will be limited. This is bound to 
put pressure on insects. Thus, for 
entomologists, it will be worthwhile 
investigating whether herbivores change 
their dietary pattern from monophagy to 
oligophagy and polyphagy, for example. 
Or still, from herbivoiy to carnivory 
(facultative or obligatory), as reasoned in 
the article by C. W. Schaefer on origin 
of secondary carnivory from herb ivory. 
This last article, perhaps, is the best icing 
to a collection of scientific papers on 
plant-feeding insects in natural and man¬ 
made environments. 

The book enjoys intellectual inputs of 
44 distinguished contributors from all over 
the world, of which 15 are from India. 

A chapter on insecticide resistance and 
insect resistance management (IRM) 
would have done justice to the title of 
the book. Undoubtedly, insecticides as a 
group is the most dominant of man- 
induced factors that is affecting insects. 
But for this deficiency, 1 rate the book 
contributive and stimulative. With hard¬ 
bound cover running into 245 pages the 
book is attractive and easy to handle. 
The printer’s devil is hardly evident and 
editing is adequate. Therefore, the book 
as a whole is recommended both for 
entomologist and natural biologists. 

Lastly (certainly not the least), the book 
assumes a special place in the hearts of 
entomologists simply because it is 
dedicated to the doyen of Indian 
entomology, Dr T. N. Ananthakrishnan. 
He has delved into the complexities of 
insect-plant relationship, now for five 
decades. I wish him the best for his 
future and long to see more entomological 
treatises coming from his dynamic mind 
and ceaseless pen. 

Abraham Verghese 

Department of Entomology 

Indian Institute of Horticultural Research 

Hesseraghatta Lake P.0, 

Bangalore 560 089, India 
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Annual Review of Astronomy and 
Astrophysics 1996. Geoffrey Burbidge 
ed. Annual Reviews Inc., 4139, El Camino 
Way, P.O. Box 10139, Palo Alto, Cali¬ 
fornia 94303-0139, USA. Price $70. vol. 
34. 


We all complain about the growth of 
population and of vehicular traffic in our 
cities. But there is one growth which is 
even much faster: the growth of scientific 
literature. The Astrophysical Journal, the 
premiere astrophysics journal published 
from USA, has grown in size by a factor 
of 30 in the last 50 years and brings out 
about 20,000 large pages in a year! And 
there are several other important journals 
which are growing similarly. Since it is 
not possible for any ordinary mortal to 
keep track of this vast amount of technical 
writing, the Annual Reviews serve the 
very useful purpose of indicating the main 
trends in the field. The present volume 
of about 800 pages contains 18 articles 
out of the 29 articles scheduled. 

In spite of the general high quality of 
writing and the high degree of profes¬ 
sionalism in the preparation of this vol¬ 
ume, a single annual volume cannot 
provide a glimpse of the whole of modern 
astrophysics. Firstly, 11 scheduled articles 
are missing. Secondly, some important 
topics covered in the last two or three 
volumes are left out. Still, browsing 
through this volume, one gets a general 
impression of how the field of astro¬ 
physics is faring. In any healthy scientific 
discipline, there is always a coexistence 
of old and new. There are some review 
articles on topics which were unheard-of 
20 years ago. On the other hand, other 
articles show that the last word has not 
yet been said on some subjects which 
began being studied in the first quarter 
of the century. The reader will find that 
some of these classical subjects have 
become almost new research fields due 
to the developments in the last few years. 
For example, although solar active regions 
have been studied systematically since 
the 19th century, Howard mentions in 
his review of this subject, ‘The bulk of 
the results discussed in this review have 
come in the past five or ten years’. 

Some of the classical subjects have 
been revived under the impact of new 
observational programmes or new instru¬ 
mentation. One of the momentous deve¬ 
lopments in astrophysics in recent years 
is the launching of Hubble Space Tele¬ 
scope (HST). The only article based 
directly on the results of HST is a review 
by Savage and Sembach on interstellar 


abundance determinations from spectral 
lines in the ultraviolet which cannot pass 
through the Earth’s atmosphere. Several 
articles, however, indirectly bear on the 
findings of HST. By putting the extra- 
galactic distance measurements on a firm 
footing, HST is trying to pin down the 
expansion rate and hence the age of the 
Universe within much narrower error bars 
than possible previously. This has made 
scientists confront the question whether 
the ages of oldest stars as determined by 
stellar astronomers are consistent with the 
age of the Universe as established by 
HST. VandenBerg, Stetson and Boltc 
review the recent work on the oldest star 
clusters in our galaxy, whereas 
Olszewski, Suntzeff and Mateo point out 
that the old stars in the Magellanic Clouds 
hold some surprises for us. Apart from 
HST, there have been other space mis¬ 
sions throwing new light on old problems. 
The Ulysses, which flew over the Sun’s 
poles, provided the first reliable informa¬ 
tion on the solar wind in the Sun’s polar 
regions, as reviewed by Gosling. 

Apart from forcing astronomers to 
revisit classical topics, the nev/ observa¬ 
tional techniques have opened up new 
horizons through discoveries of totally 
new types of astrophysical objects. 
Geminga, one of the brightest y-ray 
sources, for a long time eluded identifi¬ 
cation with anything that emits other kinds 
of radiation. Bignami and Caraveo tell 
the detective story as to how a multi- 
wavelength hunt eventually led to the 
identification of Geminga as a neutron 
star. Infrared astronomy has been one of 
the most rapidly growing new astronomies 
in the last few years. Sanders and Mirabel 
tell us how the unexpected discovery of 
a large number of highly luminous 
infrared galaxies necessitated a revision 
of many prevalent ideas in galactic 
astronomy. Another important recent 
astronomical discovery is that of gravi¬ 
tational microiensing - the bending of 
light by objects in the halo or our Galaxy 
or in the nearby galaxies. The study of 
this phenomenon promises to throw some 
light on the composition of the mysterious 
dark matter in the halos of galaxies. This 
subject is reviewed by Paczynski, whose 
theoretical ideas played a crucial role in 
the development of this field. 

The present volume is a pointer to the 
growing importance of studying fluid and 
plasma processes in astrophysical systems. 
In the last few years, we have become 
aware of many intriguing fluid flow pat¬ 
terns and magnetic activities in diverse 
circumstances. A gravitating object can 
make material in the surrounding region 
flow inward in a spiral path forming an 


accretion disk. The gravitational potential 
energy thereby released often has very 
queer manifestations, such as driving jets 
or bipolar outflows from the polar regions. 
The disk-bipolar flow combination seems 
to appear in astrophysical systems of 
vastly differing sizes and scales, from 
the star-forming regions to the active 
galactic nuclei. Two articles (one by 
Bachiller and the other by Hartmann and 
Kenyon) deal with the complex flow pat¬ 
terns around protostars. Tanaka and 
Shibazaki argue that X-ray novae involve 
accretion flow onto a neutron star or a 
black hole from a low-mass binary com¬ 
panion. The centre of our own Galaxy 
has some characteristics of an active 
galactic nucleus, with evidence for inward 
gas flow and strong magnetic fields. 
Recent research on this subject is 
summarized by Morris and Serabyn. Lin 
and PaploizoLi show that the theory of 
accretion disks has now become sophis¬ 
ticated enough for meaningful compari¬ 
sons with observations. One of the major 
challenges in the study of astrophysical 
plasmas is to understand why magnetic 
fields are ubiquitous in the astrophysical 
Universe. Beck and co-authors cogently 
argue that the magnetic fields of galaxies 
must be produced by the dynamo process. 
We have already mentioned the review 
articles on the solar active regions and 
the solar wind, indicating that the Sun 
still remains perhaps the best cosmic labo¬ 
ratory for hydrodynamics and plasma 
physics. The review article by Horanyi 
on dusty plasmas is a recognition of the 
growing importance of this subject in 
understanding various solar system 
phenomena. 

The prefatory chapter by Evry 
Schatzman, the doyen of French astro¬ 
physics, is unusually rich in human drama. 
Bom of Jewish parents, he had to remain 
underground during the Nazi occupation 
and was active in the Communist Party. 
After the war, he took the leadership in 
building up a tradition of astrophysics in 
France. He strikes a note familiar to us 
Indians when he talks of a time when 
French astrophysicists had to visit USA 
regularly to remain scientifically up-to- 
date. Eventually, however, he saw the 
growth of a proud astrophysics commu¬ 
nity in France, who did not feel such 
needs. When shall we see the growth of 
a similar proud astrophysics community 
in India? 

Arnab Rai Choudhuri 

Department of Physics, 

Indian Institute of Science, 

Bangalore 560 012, India 
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PERSONAL NEWS 


Kenneth S. Pitzer - Physical chemist par excellence 


An obituary 

Kenneth S. Pitzer, one of the most profound 
physical chemists, passed away on 26 
December 1997. Kenneth Pitzer grew up 
in the Lewis-Pauling tradition in chemistry. 
His brand of physical chemistry is becoming 
rare today, for he was an outstanding expert 
in thermodynamics, quantum mechanics and 
statistical mechanics and used spectroscopy 
extensively. He contributed to a variety of 
facets of physical chemistry, as if in 
response to the definition of G. N. Lewis 
that 'physical chemistry was anything that 
was interesting’. 

Kenneth Pitzer was born in Pamona, 
California, in 1914. His father was a 
lawyer and owned orange orchards. His 
mother had taught mathematics in a high 
school. He went to the California Institute 
of Technology lor his undergraduate stud¬ 
ies. During his very first year at Caltech 
in 1931, he worked with Albert Noyes 
on the oxidation states of silver and 
published three papers in the Journal of 
American Chemical Society. E. Bright 
Wilson was one of the laboratory instruc¬ 
tors at that time. Pitzer carried out some 
research work on silicon hydrides with 
Yost and later, on crystallography with 
Linus Pauling in his final year as an 
undergraduate. His work with Linus Paul¬ 
ing was published in 1935. He went to 
the University of California, Berkeley, 
for his Ph D degree where Lewis was 
the Head of the Department. By that 
time, Lewis had established a prominent 
school in chemistry, particularly dealing 
with the physico-chemical aspects of the 
subject. The nature of the chemical bond 
had already been established by Lewis 
and Pauling. For Pitzer, this was a great 
opportunity because he was entering 
Berkeley during the golden age of modern 
chemistry. He carried out calorimetric 
measurements with Latimer and published 
ten papers as part of his Ph D thesis. 
Simultaneously in 1936, as a fresh gradu¬ 
ate student, Pitzer identified the impor¬ 
tance of internal rotation in organic 
molecules. It is really remarkable that at 
such a young age, he could come out 
with this revolutionary finding, which 
changed chemisti*y in a big way. His 
estimate of the 3 kcal moP^ barrier, was 
soon confirmed experimentally. Later in 
1963, by extensive quantum mechanical 
calculations, Libscomb and Russel Pitzer 
(son of Kenneth Pitzer) established the 
origin of this barrier. Kenneth Pitzer 
became a faculty member in Berkeley 
soon after obtaining the Ph D degree. 


Kenneth Pitzer carried out a variety of 
studies in Berkeley on spectroscopy, 
molecular structure, thermodynamics and 
so on and his school became renowned 
in physical chemistry. He, along with 
Hassel, Barton and Prelog, proposed the 
term axial and equatorial to describe the 
conformation in cyclohexane and other 
related molecules. For some reason, Pitzer 
was left out of the Nobel prize, even 
though he was probably one of the first 
persons in chemistry to worry about 
conformation. Other important areas he 
contributed to were, third law of ther¬ 
modynamics, pseudorotation in ring mole¬ 



cules, corresponding states and the acen¬ 
tric factor, molecules of carbon, hydrogen 
bonding and liquid ammonia solutions. 
Pitzer always carried out theoretical work 
in addition to experimental studies in¬ 
volving thermodynamic and spectroscopic 
measurements. Relativistic quantum 
chemistry is one such area. Of the many 
students and post-doctoral associates he 
had, mention must be made of William 
Gwinn and George Pimentel in spectros¬ 
copy, Enrico Clement! and Octay Sinano- 
glu in quantum mechanics, Curl, Spitzer 
and Kilpatrick in thermodynamics and K. 
Balasubramanian in relativistic quantum 
chemistry. He collaborated with many 
people, including young Hershbach when 
he was starting his research career in 
Berkeley. 


Kenneth Pitzer occupied important aca¬ 
demic and administrative positions. 
Besides being a Dean of the College of 
Chemistry in Berkeley for many years, 
he was for some time, Director of 
Research of the Atomic Energy Commis¬ 
sion and also President of Rice University 
and Stanford University. His wisdom and 
counsel were eagerly sought by the aca¬ 
deme and the Government. He was in 
several influential advisory committees 
including those of the US Presidents. He 
left the Presidentship of St 2 inford Univer¬ 
sity and came back to Berkeley as a 
Professor in 1971 and continued his 
research work until his last day. It is 
inspiring to see fine papers that he con¬ 
tinued to publish even alter his 80th year. 
Towards the end of his career, he took 
up a reexamination of the Debye-Hiickel 
theory of ionic fluids and made a major 
contribution whereby one can today use 
the Pitzer equations to deal with concen¬ 
trated electrolyte solutions. Pitzer 
authored two very important books. One 
was on quantum chemistry and another 
the revision (along with Brewer) of the 
famous book on thermodynamics by 
Lewis and Randall. 

Kenneth Pitzer was honoured in many 
ways. He was elected member of the US 
National Academy of Sciences when he 
was 35 years old. Besides receiving many 
awards including the Medal for the Pure 
and Synthetic Chemistry and the Gibbs 
Medal of the American Chemical Society, 
he received the highest honour of the 
American Chemical Society, the Priestley 
Medal. He was the recipient of the Welch 
award and the National Medal of Science. 
He was an honorary member of the Indian 
Academy of Sciences. 

It was a matter of great delight for me 
to have been his post-doctoral student 
early in my career in the 1950s. The 
period I spent with him was most en¬ 
joyable, when I could talk with him on 
many research areas. Ken gave unlimited 
time for scientific discussions and let me 
publish many papers independently. We 
kept in touch all these years, and a few 
months ago, when I went to give a seminar 
at Berkeley, he was my host. His death 
was sudden and he leaves behind his wife, 
two children and a large number of admirers 
and past students. It will be difficult to 
find anybody equivalent to Kenneth Pitzer, 
who is a titan in both classical and modern 
physical chemistry. 

C. N. R. Rao 

Jawaharlal Nehru Centre for 

Advanced Scientific Research, 

Bangalore 560 012, India 
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Indian Science Congress 


7. L. Simonsen 

As the theme of the first portion of my 
address I propose to give an account of 
the early history of the Congress. I think 
it is desirable that an authoritative state¬ 
ment should be on record since in a few 
years our knowledge of this may be lost. 
In order that you may be able to appreciate 
the causes which led to its formation it 
is necessary we should try to visualise 
the position of scientific research in India 
in 1910-11. 

Early in the present century it was 
recognised by those in authority that all 
was not well with university education 
in India, and in 1904 what may be called 
the Curzon Commission on University 
Education was appointed. As a result of 
the recommendations of this Commission, 
it was decided to raise the standard in 
the various universities and to introduce 
what are generally known as honours 
courses. At that time direct teaching was 
not undertaken by the universities which 
were solely examining bodies, the actual 
instruction being given in the affiliated 
colleges. To bring into effect the new 
courses it was necessary to increase the 
teaching staffs in the various colleges, 
and it is clear that this Commission 
realised the desirability of stimulating 
research in the University Colleges. They 
recognised the correctness of the view 
so concisely expressed by Dr Alexander 
Hill ‘Where there is no zeal for research 
there is no vitality in teaching.’ If we 
except three great names in the history 
of scientific research in Indian Univer¬ 
sities, I refer to our three past presidents, 
Sir Alfred Bourne, Sir lagadis Bose and 
Sir Prafulla Ray, I do not think that I 
am wrong in saying that research in the 
universities at the commencement of the 
century was practically non-existent. I do 
not wish to infer that scientific research 
in India was non-existent at that date. 
This was very far from being the case, 
but research was confined to the various 
scientific services such as the Survey of 
India, the Geological Survey, the Botani¬ 
cal Survey, and the Meteorological and 

♦Text of Presidential Address delivered during 
the 15th Indian Science Congress, Calcutta on 
2 January 1928. 

The editors thank M. S. Baird, University of 
Wales, for drawing attention to this address. 


Agricultural Departments to mention only 
a few. From all these departments work 
of the very first importance emanated, 
and it is only necessary for me to mention 
the names of Sir Ronald Ross, Sir Leonard 
Rogers, Sir Sydney Burrard, Sir Thomas 
Holland and Sir Gilbert Walker. 

It was under these somewhat uninspir¬ 
ing circumstances that in 1910 Professor 
MacMahon and I found ourselves when 
we were appointed to the newly created 
chairs of chemistry in the Canning 
College, Lucknow, and the Presidency 
College, Madras. Coming as we did from 
large English laboratories, we at once 
felt the great lack of any scientific 
intercourse. Not only was there neither 
in Lucknow or Madras any scientific 
society, but in addition there was a com¬ 
plete absence of any scientific atmosphere. 
At that time, if we except the meetings 
of the Asiatic Society of Bengal, the only 
opportunities afforded for scientific dis¬ 
cussion were the somewhat irregular con¬ 
ferences promoted by the Government of 
India such as-Sanitary Conferences or 
Conferences of Agricultural Chemists. 
These were purely official gatherings, and 
it occurred to Professor MacMahon and 
myself that scientific research might be 
stimulated if an annual meeting of workers 
somewhat on the lines of the British 
Association could be arranged. We felt 
that not only would the direct personal 
contact and association of actual workers 
be of great value, but also that the general 
public would be brought to realise the 
importance and value of scientific 
research. We decided therefore to obtain 
the views of other scientists, and in the 
autumn of 1911 we issued a circular 
letter which is reproduced as Appendix 
I to this address. 

Whilst the general consensus of opinion 
was favourable to our proposal to have 
an annual meeting, the doubt was 
expressed by many of those best able to 
judge whether the time was ripe for such 
an organisation. Some considered that 
there was not sufficient work being done 
in India to Justify an annual meeting, 
whilst others suggested that, in view of 
the great distances, it would prove 
impracticable to arrange for such meet¬ 
ings. 


We decided to proceed with our pro¬ 
posal, and in 1912 we selected seventeen 
of the foremost men of science to act as 
a committee to arrange for the holding 
of the first annual meeting (Appendix II 
[Not reproduced- editors]). On Saturday, 
2nd November, 1912, a conference was 
held in the rooms of the Asiatic Society 
of Bengal with the late Sir Heniy 
Hayden in the chair. The others present 
were Messrs Christie, Hooper, Kemp, 
Tompkins, MacMahon and myself. The 
actual minutes of the meeting are repro¬ 
duced in Appendix III [Not repro¬ 
duced - editors], the most important 
resolution reading as follows: The Asiatic 
Society of Bengal be asked to undertake 
the management of a Science Congress 
to be held annually.’ 

As you are all aware progress in India 
is always slow and although it had been 
our intention to have the first meeting 
in Calcutta in December, 1912 or January, 
1913 this was not feasible and it was not 
until the 17th January 1914 that the first 
meeting was held with the late Sir Asutosh 
Mukherjee as President. The delay was 
perhaps not altogether unfortunate since 
our first meeting thus coincided with the 
centenary celebrations of the Indian Mu¬ 
seum. The actual meeting extended over 
three days and the number of papers 
notified for reading were thirty-one. 

Whilst the number of papers which 
were presented to the first meeting and 
the attendance threat appeai'ed to augur 
well for the future, yet an examination 
of the authorship of the papers showed 
that of the thirty-one no fewer than 
twenty-five were from authors resident 
in Calcutta or other places in Bengal. 
This lent support to the attitude of those 
critics of the scheme who suggested that 
distance would prevent the holding of 
successful annual meetings, and it had 
also to be borne in mind that Calcutta 
then, as now, was the centre of scientific 
research. It appeared to us therefore that, 
if future meetings were to be successful, 
some form of government recognition 
was necessary so that Local Governments 
might be induced to pay travelling 
allowances to government servants. We, 
therefore, approached a body which is 
now defunct, the Board of Scientific 
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Advice, which comprised the heads of 
the various scientific services and we 
were fortunate in obtaining the enthusi¬ 
astic support of two members of the 
Board, Sir Sydney Burrard and Sir Henry 
Hayden. As a result of their repre¬ 
sentations, the Government of India 
authorised Local Governments to permit 
such officers, as they might consider 
desirable, to attend our meetings. Not 
content with this Sir Sydney Burrard also 
induced the majority of the Indian Rail¬ 
way Companies to grant concession rates 
to non-government servants who wished 
to attend. Unfortunately owing to the war 
this concession was withdrawn and in 
spite of repeated representations the rail¬ 
way authorities appear to be unable to 
recognise the importance of our meetings 
and this concession has not since been 
renewed. I sincerely hope that in future 
wiser counsels may prevail. 

I tee! that I should be wanting in 
gratitude if, before leaving this aspect of 
the subject, I did not take the opportunity 
of placing on record my great appreciation 
of the help and encouragement which we 
received in the early days from Sir Sydney 
Burrard and Sir Henry Hayden. The for¬ 
mer was our President at Lucknow in 
1916 and those of us who were present 
on that occasion will still remember his 
brilliant Presidential Address; it was not 
our fortune to have Sir Henry Hayden 
in this office but I betray no secrets 
when I say that it was not because it 
was not offored to him. With that modesty 
so characteristic of him, he preferred to 
work behind the scenes and his help was 
never asked in vain. 

It is not necessary for me to refer in 
detail to our later meetings. Each year 
has shown a growth in the number of 
our members and in the number of papers 
contributed. It is now becoming one of 
our most pressing problems to know how 
best to deal with these papers. 

May I be permitted here to digress for 
a moment? Without desiring to minimise 
the importance of the reading of papers 
and the discussions arising therefrom, to 
me the great value of our meetings has 
seemed to lie in the personal contact 
outside the lecture room. To our younger 
members it cannot but be an inspiration 
to meet and talk to the leaders of scientific 
thought in India. This aspect is in my 
opinion all too frequently lost sight of 
and ] wish to take this opportunity of 
emphasising it. 


The secretarial work of the Congress 
continued to be shared by Professor 
MacMahon and myself until 1921 
although during the greater part of this 
time Professor MacMahon was absent 
iTom India on active service in France. 
In April, 1921, Professor MacMahon 
resigned and his place was taken by 
Professor Raman who had from the start 
been an active supporter. When in 1924 
pressure of other work compelled Pro¬ 
fessor Raman to resign, your present 
senior secretary. Professor Agharkar, was 
appointed. To them we owe a debt which 
will be difficult to repay. 

No account of the history of the Con¬ 
gress would be complete without a 
reference to our relations with the Asiatic 
Society of Bengal. I have frequently been 
asked to explain our relationship and I 
have always found it somewhat difficult 
to do so. In the minutes of the original 
committee meeting it is recorded that the 
Asiatic Society of Bengal were to be 
asked to arrange the first Congress and 
this they did. In subsequent years the 
bonds attaching us to the Society were 
extremely close but there was no definite 
connection beyond the fact that the Hon¬ 
orary Treasurer and Secretary of the 
Society were ex-offlcio members of 
the Executive Committee whilst at first 
the appointment of the Congress Secre¬ 
taries required the confirmation of the 
Society’s Council. This loose unwritten 
constitution has proved to be all to the 
advantage of the Congress. The Society 
has acted as our Treasurer, it has met a 
large part of the cost of our publications 
and has undertaken much of our routine 
secretarial work. I think that we are deeply 
indebted to the Council of the Society 
for permitting their officials to assist us 
in this manner and more especially to 
their General Secretary, Mr van Manen. 
So Rir as I can see the Society has not 
had any direct benefit from the connection 
whilst to us it has been of incalculable 
value. On financial grounds alone I do 
not think that without their aid we could 
have survived. J trust that the unwritten 
law which binds us to the Asiatic Society 
of Bengal may continue, since, to be 
associated with an ancient society of such 
standing, cannot but add lustre to our 
name. 

It has been my privilege for nearly 
eighteen years to have been closely con¬ 
nected with education and research and 
this seems to me to be an opportune 


time to consider how we now stand as 
compared with 1910 when the idea of 
the Congress was conceived. In 1910, as 
I have already mentioned, research was 
confined mainly to the various scientific 
services, in other words it was almost 
entirely carried out by Government ser¬ 
vants. The condition was, therefore, com¬ 
pletely different to that prevailing in Great 
Britain where such participation was prac¬ 
tically unknown. As one of the results 
of the great upheaval due to the war, the 
position in Great Britain has undergone 
a fundamental change. The activities of 
the Department of Scientific and Industrial 
Research are so well known that I need 
only refer to them in passing, whilst in 
addition, the British Government has fur¬ 
ther recognised the fundamental impor¬ 
tance of research by the appointment of 
the Civil Research Committee, which may 
be regarded as Scientific Imperial General 
Staff. 

During the latter years of the War and 
for a short time afterwards it appeared 
that the Government of India had at 
length come to recognise that it should 
do all that lay within its power to organise 
and encourage research. I am much afraid 
that this hope was illusory and that the 
impetus was due mainly to Sir Thomas 
Holland. With the departure from India 
of this great scientist and administrator 
not only did advance cease but a retro¬ 
grade reaction seemed to set in. Perhaps 
the most serious and direct blow was the 
curtailment of the grant to the Indian 
Medical Research Fund Association, For¬ 
tunately, this grant has once more been 
restored but it will be many years before 
the trained workers who were lost can 
be replaced. On the other hand, it is with 
pleasure that we note an advancement in 
a direction new to India, namely, the 
formation of the research associations for 
the investigation of cotton and lac. The 
work of the Indian Cotton Committee, 
with which our past President Mr Howard 
has been so intimately connected, is too 
well known to require elaboration, whilst 
the Lac Research Association has made 
a successful start. I have referred to these 
two research bodies as I consider that 
research conducted on these lines by 
independent organisations is to be 
encouraged in every manner possible. 

Whatever may prove to be the future 
line of development of research in India, 
there can be no question that both the 
Imperial and Provincial Governments 
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must continue to be deeply interested and 
involved. Unfortunately, the present 
organisation suffers from a grave disabi¬ 
lity in dealing with any scientific problem 
in that it no longer possesses an advisory 
body to whom it can refer such problems. 
Open as the former Board of Scientific 
Advice was to criticism I would strongly 
commend to the authorities its reconsti¬ 
tution on a broader basis. There can be 
no question that Governments require an 
influential and impartial body to whom 
they can refer matters of scientific 
importance. The expense involved would 
be small, and the advantages to be gained 
are obvious. 

Whilst the advance of the spirit of 
research in the universities can be viewed 
with satisfaction, I do not think that those 
of us who have been intimately connected 
with teaching for the past twenty years 
can look with equal satisfaction on the 
present position of Indian Universities so 
far as the general academic standing is 
concerned. A large number of new uni¬ 
versities have been created and on paper 
the courses of study and the standard of 
examination would appear to be the equal 
of those obtaining in other countries. In 
actual fact this is far from being the case 
and it is with a due sense of responsibility 
that 1 feel compelled to say that, with 
few exceptions, the degree standard has 
been considerably lowered during the last 
few years. In my opinion, the blame does 
not lie with those actually engaged in 
teaching. The recent University Acts have 
placed far too much power in the hands 
of laymen. No doubt a patient is fully 
aware of the qualities which he expects 
to find in the medical man who attends 
him; the contractor knows what he 
requires of the engineer whom he 
employs. This does not, however, justify 
either the patient or the contractor in 
thinking that he knows the correct courses 
of study or the correct standard of 
examination which will enable him to 
obtain the doctor or engineer he desires. 
Yet, if we examine the constitution of 
the majority of the Indian Universities 
we find that, owing to a desire for demo¬ 
cratic control, the real power has been 
taken out of the hands of the professorial 
staff. I am willing to grant that it is 
highly desirable that the general policy 
of the university should be regulated by 
laymen, but I would emphasise the 
necessity of debarring them from any 
detailed control of either courses of study 


or the standards of examination. These 
should be absolutely under the control 
of the professorial staff and it should be 
impossible for the administrative body of 
the university to order that the percentage 
number of passes in any examination 
should be increased as has to my know¬ 
ledge happened more than once. The only 
result is a general diminution in the status 
of the degree and if this is permitted to 
continue the degree of an Indian Univer¬ 
sity will cease to be of value in academic 
and industrial alfairs. Perhaps we shall 
see a change when there is a clearer 
realisation of the difference between 
knowledge and wisdom. It was Cowper 
who wrote 

Knowledge and Wisdom, far from 
being one, 

Have oftimes no connection. Knowledge 
dwells 

In heads replete with thoughts of other men; 

' Wisdom in minds attentive to their own. 

Knowledge is proud, that he has learnt 
so much; 

Wisdom is humble that he knows no more. 

Whilst it is always simple to offer 
destructive criticism it is not always so 
easy to suggest a cure, but in this case 
I would venture to say that it should not 
be difficult to raise the standard of edu¬ 
cation in the universities. The main dif¬ 
ficulty which confronts most teachers is 
the large number of students, the majority 
of whom enter for their collegiate career 
not with a desire to acquire knowledge 
or wisdom, but to gain a degree which 
is a stepping stone to government employ. 
This factor is the real cause of the main¬ 
tenance of a low standard. A simple 
remedy lies to hand, namely the extension 
of Civil Service Examinations to all 
grades in the clerical departments of 
government. Such examinations are the 
general rule in other countries, and in 
India they are held for the higher grades, 
but for ordinary clerkships the primary 
requirement is a university degree or some 
other educational qualification. I would 
recommend that in the place of laying 
down an educational standard as a pre¬ 
liminary to employment that admission 
should be by competitive examination. I 
am willing to admit, that the introduction 
of this system would in all probability 
lead to the formation of cramming insti¬ 
tutions, but whatever may be the defects 
of these, they would liberate the univer¬ 
sities from their present thralldom and 
enable them to devote themselves to their 


true function, the advancement of learn¬ 
ing. 

The importance of the study of 
natural products 

Having completed my survey of the early 
history of our Congress I will for the 
remainder of the time which is at my 
disposal be somewhat more technical 

And Nature, the old Nurse, took 
The child upon her knee 
Saying, ‘Here is a story book 
Thy father has written for thee,’ 

‘Come wander with me,’ she said, 

‘Into regions yet untrod, 

And read what is still unread 
In the manuscripts of God.’ 

And whenever the way seemed long. 

Or his heart began to fail. 

She would sing a more wonderful song 
Or tell a more wonderful tale. 

In days not so far distant the man of 
science was not a specialist. Although by 
profession he might be a geologist or 
botanist, he could maintain a very 
thorough appreciation of all developments 
in the world of science. Thus Bacon in 
his catalogue of experiments to be done, 
which was appended to his Novum 
Organwn, was able to range from a sub¬ 
ject such as ‘Fiery Humours’ to that of 
the ‘Nature of Numbers’. Our breadth of 
outlook must now perforce be much more 
limited, and even in the subject which 
we profess it is possible only to be 
master of a limited portion of that subject. 
Deplorable as this may be, it is, I am 
afraid, a factor which will remain un¬ 
altered, and with the rapid development 
of scientific research is likely to be 
intensified unless the suggestion recently 
advocated by the Bishop of Ripon be 
adopted. I would plead this as an excuse, 
if in what follows, my language should 
at times be technical and difficult of 
understanding by those who are not chem¬ 
ists. 

My own investigations have been con¬ 
cerned in the main with the study of the 
chemistry of natural products and as a 
result I have been brought into fairly 
close touch with such related subjects as 
botany, geology and medicine. In the 
illuminating address of my distinguished 
predecessor to which many of us had the 
privilege of listening last year, he outlined 
some of the beautiful methods which he 
has devised for probing the secrets of 
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plant life. In comparison, the methods of 
the chemist may appear to be somewhat 
crude, they attack the position from a 
different angle, but one from which results 
of equal importance are likely to result. 

One of the objects of the chemist is 
to separate one by one the various indi¬ 
vidual substances present in living matter 
and to determine their structure by ana¬ 
lytic and synthetic methods. It is fasci¬ 
nating to consider the advance in our 
knowledge from 1806 when Sertiirner 
first isolated morphine from opium, to 
the present year distinguished by Barger 
and Harington’s brilliant synthesis of thy¬ 
roxine, the active principle of the thyroid 
gland. 

The interest of the study of plant and 
animal products is not confined to the 
laboratoiy, but extends into the economic 
world. As an example of this, I would 
commend to your attention the excellent 
work of Annett and his collaborators on 
the relationship of the alkaloidal content 
of the poppy juice to the age of the plant 
and to external features such as the nature 
and previous treatment of the soil. All 
true lovers of science must deplore the 
circumstances which led to the curtailment 
of this investigation, since it is only by 
detailed and painstaking studies of this 
type, that we can pass to the many more 
complex ones which await solution. 

I have always considered it somewhat 
remarkable that so little attention has 
been devoted by organic chemists in India 
to the study of natural products, most of 
their researches being concerned with 
abstract problems. It must be admitted 
that problems of the former type are 
difficult and offer little attraction to those 
who estimate work by quantity and not 
by quality. In the Quarterly Journal of 
the Indian Chemical Society, which is 
now in its fourth year, I have only been 
able to find nine papers which deal with 
the chemistry of natural products. Is it 
presumptuous to suggest to the organic 
chemists of India that they should study 
intensively the unique wealth of material 
which lies at their door, and devote less 
time to the study of problems of theoretic 
interest only? 

An important advantage of this branch 
of research work is that it brings one 
closely into contact with other sciences. 
In the study of plant products contact is 
first established with the botanist. Without 
his skilled aid it is not possible to be 
sure of the identity of your material, and 


it has been brought constantly to my 
notice how much excellent work is lost 
by the lack of botanical identification of 
the material used in the investigation, or 
by its inaccurate identification. Systematic 
botany is by no means simple, and it 
must be borne in mind that it is rarely 
possible to identify with certainty a piece 
of bark or a root. It is not alone the 
chemist who benefits by the collaboration; 
it is well known that in many cases with 
closely related species herbarium identi¬ 
fication is almost impossible. To quote 
what may be regarded as a classical 
example-no skilled observer in the field 
has any difficulty in differentiating the 
two grasses known as Sofia and Motia 
yet in the herbarium they are both clas¬ 
sified as Cymbopogon martini, Stapf The 
distinction is of the greatest technical 
importance since the oil obtained from 
the Motia grass yields the well-known 
and valuable palmarosa oil, whilst from 
Sofia grass only a comparatively valueless 
and quite different ginger grass oil results. 
The chemical differentiation of these two 
oils affords no difficulty. The position is 
similar in the case of many other grasses, 
the difference between the chemical con¬ 
stituents being far more marked than any 
morphological variation. During the 
course of my own investigations I have 
come across a number of cases of this 
kind, and I would like to suggest that it 
might be worth while to make a detailed 
botanical and chemical study of the vari¬ 
ous Cymbopogon grasses in which India 
is so rich, in order to determine whether 
a chemical classification would not prove 
to be more satisfactory than a purely 
botanical one, as I think that it will be 
generally admitted that, in spite of the 
laborious researches for which we are 
mainly indebted to Dr Stapf at Kew, the 
present position is far from being satis¬ 
factory. A study of this nature might 
throw some light on the question as to 
whether the chemical constituents of the 
oil derived from the same grass vary 
with climatic conditions and with the 
nature of the soil. The analysis of essential 
oils is now sulficiently advanced for work 
of this nature to be undertaken with every 
prospect of success, 

I do not wish to claim any originality 
for the suggested substitution of a chemi¬ 
cal for a botanical classification. In Aus¬ 
tralia, Baker and Smith in their remarkable 
work' on the differentiation of the various 
species of Eucalyptus have already found 


this to be the only satisfactory method. 
In this connection I would like to direct 
attention to the case of Eucalyptus dives 
which has been studied recently in some 
detail by Pentbld and Morrison^. This 
tree, which is the common broad leaf 
peppermint, occurs in Australia over enor¬ 
mous tracts of country, and the oil from 
the leaves has become of importance 
owing to the occurrence in it from forty 
to fifty per cent of the ketone piperitone, 
a commercial source of thymol and men¬ 
thol. With the increased economic demand 
it was found that certain oils said to be 
obtained from the leaves of E. dives only 
yielded from five to twenty per cent of 
the ketone. They were at first regarded 
as adulterated. It was, however, shown 
that they were genuine oils and that E. 
dives existed in at least four varieties 
which were morphologically absolutely 
indistinguishable both in the field or in 
the herbarium, thus differing from the 
grasses Motia and Sofia. At first sight, 
this difference might be expected to be 
due to soil or climatic conditions but this 
does not appear to be the case, since the 
different varieties breed true when grown 
in pots. This opens up a very difficult 
chemico-botanical field of research, which 
may not be without bearing on cognate 
agricultural problems, but I would submit, 
that it substantiates my claim for the 
value of a chemical rather than a botanical 
classification in difficult cases. 

In the opening remarks to this section 
of my address I referred to geology as 
one of the sciences with which investi¬ 
gators of natural products were brought 
into contact. One of the most interesting 
and difficult of border line subjects is 
the much debated problem of the origin 
of the petroleum oils. During the exami¬ 
nation of the essential oil obtained from 
the oleo-resin of Finns excelsa, which 
occurs in the United Provinces, it was 
surprising to find that the oil contained 
a considerable quantity of the paraffin 
hydrocarbon, undecane. This fact, together 
with the occurrence of pentane in the 
oils from Pinus sahiniana and Pinus 
jefferyi both habitants of North America, 
not unnaturally led to the consideration 
of the question of the origin of petroleum, 
more especially since remains of the 
coniferae have been found in the earlier 
strata. 

I do not propose to detain you with a 
detailed and historical account of the 
various theories which have been 
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advanced to explain the occurrence of 
petroleum oils. I do not suppose that 
anyone now seriously doubts that they 
are of organic origin, a view which is 
supported by the fundamental fact, that 
the oils show optical activity. This side 
of the subject has been discussed by 
Rakusin in his book Die Polarimetrie der 
Erddle. If we accept, as I think we must, 
an organic origin for the oil, is it necessary 
to assume that all the oils have the same 
organic origin? I would suggest that such 
an assumption is not necessary, and I 
would further suggest that in different 
areas the mother substance may have 
been different. According to Engler's 
views^ the oils are formed from animal 
and plant fats, their optical activity being 
due to the presence of cholesterol or its 
decomposition products in the higher boil¬ 
ing fractions. Amongst other evidence he 
adduces in support of his theoiy the feet 
that the optical activity is always found 
in the same fractions in oils trom different 
sources. Recently Zelinsky"^ has attempted 
to provide evidence in support of this 
theory by laboratory experiments which, 
in my opinion, can hardly be regarded 
as convincing. He has shown that when 
cholesterol is treated with aluminium chlo¬ 
ride oils are formed which closely 
resemble the natural petroleums, and he 
has further shown that the same fractions 
of these oils and of the natural oils show 
optical activity. Treatment with aluminium 
chloride is somewhat drastic and can 
hardly be considered as analogous to 
reactions taking place in nature. Until, 
therefore, the presence of cholesterol or 
one of its degradation products has been 
detected in petroleum oil Engler’s theory, 
attractive as it may be, cannot be con¬ 
sidered as established. 

Another possible mother substance has 
been suggested by Ormandy, Craven, 
Heilbron and Channon^ in the hydro¬ 
carbon, spinacene, which has been shown 
by Chaston Chapman, Tsujimoto and 
others to be widely distributed in fish 
livers. The investigations of Heilbron and 
his collaborators would appear to leave 
little doubt that this hydrocarbon is a 
member of the terpene group, and readily 
undergoes polymerisation and degrada¬ 
tion. Furthermore, it is optically active. 
If marine animals be accepted as a source 
of the petroleums, 1 consider that this 


*In a discussion at the Chemical Society on 
the chemistry of petroleum iChem. & Ind, 
1925, 3, 168) I again referred to this suggestion. 


hydrocarbon may with equal probability 
be regarded as the cause of their optical 
activity and possibly with a greater degree 
of probability, since the quantity present 
would be likely to be greater than that 
of cholesterol. 

In 1922 I was led to consider whether 
the mineral oils in certain cases might 
not have originated in resiniferous trees 
rather than in marine organisms. The 
resin-bearing trees contain potentially 
large amounts of material capable of 
yielding by simple chemical changes both 
alicyclic and cyclic hydrocarbons. Some 
support appeared to be afforded for this 
suggestion by the fact that in Burma 
large quantities of fossilised remains of 
Dipterocarpiis are found in strata adjacent 
to the oil-bearing strata. The various spe¬ 
cies of Dipterocarpiis yield an oleoresin 
known as Gurjun balsam. In Burma the 
two principal species are D. turbinatus 
Gaertner and D, tuberculatus Roxb., yield¬ 
ing the so-called kanjin and in oils. Not 
being a geologist, I consulted my geo¬ 
logical friends but received little support 
for the suggestion and I was therefore 
extremely cautious in my published 
paper^\ expressing myself as follows: Tn 
view of the fact that the members of the 
coniferae have been found in the early 
strata, it would appear to be possible that 
they were, at any rate in certain areas, 
one of the sources of the petroleum now 
found there'. This suggestion''* seemed to 
me to be of some importance, since, if 
it were correct, there was the possibility 
that the occurrence of forests of resini¬ 
ferous trees might indicate the presence 
of petroleum-bearing strata, a subject wor¬ 
thy of investigation by geologists. 

I have therefore read with more than 
ordinary interest a monograph entitled 
The Geology of Oil, Oil-shale and Coal 
by my friend Dr Murray Stuart, a former 
member of the Geological Survey of 
India. It would lead me too far to discuss 
all the interesting suggestions made by 
him regarding the formation of coal and 
oils, it is with the latter that we are 
immediately concerned. Dr Murray Stuart 
advances strong experimental evidence for 
the view that it is not necessary to assume 
that the oils were originally formed in 
the strata in which they are now found, 
but that they may have been carried there 
by water being held in suspension in 
mud. They were subsequently deposited 
with this mud as a sediment. He then 
proceeds to suggest, after discussing the 


geological history of Burma during Ter¬ 
tiary times, that the oil now found in the 
Pegu strata originated in the fossil wood 
of the Irrawaddy system. This fossilised 
wood belongs almost entirely to the genus 
Dipterocarpus. During the process of sili- 
fication, which he assumes may have 
actually taken place in the Arakan Yoma 
Island between the first and second phases 
of the Himalayan uplift, the oleo-resin 
would be ‘ejected’ from the wood and 
carried away with the mud by water and 
.deposited in the Pegu strata. In so far 
as I am capable of judging Dr Murray 
Stuart’s theories, they appear to be sound, 
and I am prepared as a chemist to accept 
them as a correct explanation of the 
occurrence of this oil field. Professor 
Dudley Stamp, who has worked in Burma, 
is prepared to support Murray Stuart’s 
views although he does not agree with 
him that the Arakan Yoma Forests were 
the source of the Dipterocarpiis. To quote 
from his most recent publication^, Tf the 
chemists arc satisfied as to the possibility 
of this material as the mother substance 
of the oil there seems no geological 
reason against the suggestion .... But 
Murray Stuart’s idea will hold, provided 
he is willing to admit derivation of his 
material from the north. There, in beds 
of the same age as the oil bearing beds 
further south, vast quantities of fossil 
wood are found.’ 

Whether these theories on the origin 
of petroleum will prove to be correct 
cannot be foreseen, but I think that they 
indicate how interesting may be the 
chemical study of natural products, and 
how it may help in the solution of prob¬ 
lems belonging in reality to other depart¬ 
ments of science. 


Appendix 1 

Proposed Indian Association for 
the Advancement of Science 

Dear Sir, 

The rapid expansion, during recent years, 
of the teaching of science throughout 
India as well as the multiplication of 
laboratories in colleges and institutions 
designed for research purposes has dis¬ 
closed a lack of scientific organisation 
which calls for the attention of all those 
engaged upon educational and research 
work in the country. The isolated worker 
in India is, for the most part, deprived 
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of the help afforded by scientific reference 
libraries and his difficulties are enhanced 
by the fact that he is removed from the 
European environment whence he draws 
in large measure his inspiration. 

We feel that the disabilities under which 
science suffers in India would be in part 
ameliorated, and that an impetus would 
be given to research work by the esta¬ 
blishment of some central organisation 
after the manner of the British Association 
for the Advancement of Science, whereby 
different workers throughout the counti 7 
might be brought into touch with one 
another more closely. The attention of 
the society might be directed to every 
field of enquiry and to every aspect of 
scientific activity whether purely theoreti¬ 
cal or applied to those numerous special 
problems offered by the Indian Empire 
and peculiar to its natural and economic 
conditions. The study of endemic diseases, 
of the conditions governing agriculture 
and forestry, of engineering problems in 
the tropics and subtropics, of the natural 
products of plants and of the mineral 
resources of the country, all these subjects 
call for extensive and systematic research 
in the laboratories with which India is 
now equipped. Behind this there is the 
larger educational problem, that of pre¬ 
senting to the minds of the people the 
aims of science, its purpose and ideals, 
its value as an instrument of social and 
economic improvement. 

The objects of the proposed society 
are similar to those of the British Asso¬ 
ciation and they cannot be better stated 
than in the words which form the pre¬ 
amble to the constitution of that body: 
‘to give a stronger impulse and a more 
systematic direction to scientific enquiry; 


Edited and published by Prof. P. 
Typeset by R D Typesetters, 


to promote the intercourse of societies 
and individuals interested in science in 
different parts of the country; to obtain 
a more general attention to the objects 
of pure and applied science, and the 
removal of any disadvantages of a public 
kind which may impede its progress.’ 

It is to be noticed that co-operation 
with the activities of the society would 
not preclude the publication of results in 
European periodicals nor in departmental 
journals dealing with particular branches 
of research; its primary aim is to afford 
medium of communication between work¬ 
ers in different parts of India. Accord¬ 
ingly, it is proposed to establish an 
association which shall hold an Annual 
Meeting (sectional or otherwise) in the 
more populous Indian towns where papers 
might be read and discussed, the pro¬ 
ceedings to be published in the form of 
an Annual Report. We invite your opinion 
as to the expediency of founding a society 
of this kind and would be glad to know 
whether, in the event of its successful 
inauguration, you would be glad to sup¬ 
port it on the general lines indicated 
above. The success of the scheme, natu¬ 
rally depends upon the extent and rep¬ 
resentativeness of the support accorded 
to it. We hope to arrange an early meeting 
in Calcutta where the details might take 
practical shape. 

In conclusion, attention may be drawn 
to a most important aspect of the scheme, 
namely, that concerning the co-operation 
of Indians. We realise that the future of 
science in India depends upon the ade¬ 
quacy of the practical training which stu¬ 
dents receive in College laboratories, and 
furthermore, that nothing is better calcu¬ 
lated to increase its efficiency than the 


inculcation of research as the ultimate 
purpose of all scientific knowledge. It is 
unnecessary to point out how many and 
varied are the problems awaiting solution 
or how intimately the social and economic 
future of India is bound up with the 
successful application of scientific meth¬ 
ods to all the activities, whether agrarian 
or industrial, of the community. We cor¬ 
dially invite the participation of Indian 
scientists, convinced in the belief that in 
such measure as it is accorded the objects 
of the society shall more nearly approach 
fulfilment and its usefulness and perma¬ 
nence be assured. 

The undersigned, who in response to 
a public demand for action are undertak¬ 
ing the task of arranging an informal 
plebiscite on the question, would be glad 
of the favour of your opinion, and request 
that replies be sent to either of the 
addresses indicated below: 

P. S. MacMaHON, M.Sc. (Mane.), B.Sc. (Oxon.), 
Professor of Chemistry, 

Canning College, Lucknow. 

J. L. SlMONSEN, D.Sc. (Mane.), 

Professor of Chemistiy, 

Presidency College, Madras. 

1. Baker and Smith, A Re.^earch on the Euca¬ 
lyptus, especially in regard to the Essential 
Oils. 

2. Penfold and Morri.son, J. Roy. Soc. N.S. 
Wales, 1927, 61, 54. 

3. Engler, Das Erdol II, 1909, 132. 

4. Zelinsky. Ber., 1927, 60, 1793. 

5. Ormandy, Craven, Heilbron and Channon, 
J. Inst. Petrol. TeclmoL, 1927, 13, 1. 

6. Simonsen and Rau, Ind. Forest Rec., 1922, 
9. 118. 

7. Stamp, J, In.U. Petrol, TechnoL, 1927, 13, 
40. 
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Physical Research Laboratory 

P.O. Box No. 4218, Navrangpura 
Ahmedabad 380 009 

(Advt. No. 1/98) 

Doctoral and Post-Doctoral Research Opportunities 

Physical Research Laboratory (PRL), Ahmedabad offers excellent research opportunities in various 
areas of Physical and Earth Sciences as outlined below: 

PHYSICS: (i) Astronomy, Astrophysics and Solar Physics; (ii) Earth Sciences and Solar System 
Studies; (ill) Laser Physics and Quantum Optics; (iv) Non-linear Dynamics, Complex Systems and 
Computational Physics; (v) Planetary Atmospheres and Astronomy; (vi) Theoretical Physics. 

a) Research Scholarship (Ph.D.) Programme 

Eligibility. First- or High-Second Class M.Sc. in Physics/Chemistry/Applied Mathematics/Geology/ 
Geophysics/Oceanography. Physics and Mathematics essential at B.Sc. level. Those appearing for 
M.Sc. (Final) this year may also apply. 

Scholarship: Rs 4000/- p.m. and a book allowance of Rs 3000/- per year for four years. 

b) Project Associateship: 

Eligibility: same as in (a). 

Stipend and scope: Rs 4700/- p.m. Awarded initially for one year, but may be continued up to 
three years. To work in specific experimental programmes and associated theoretical/modeliing 
activities. A few of those who do exceptionally well may be considered for permanent absorption 
in the Laboratory. 

c) Post Doctoral Fellowship Programme: 

Eligibility: Young scientists with Ph.D. degree in Physics, Chemistry or any branch of Earth Sciences, 
Those who have submitted their Ph.D. thesis are also eligible to apply. 

Stipend and tenure: Rs 5500/- p.m. (Rs 5800/- for those with Ph.D. degree). The tenure is for one 
year but extendable for another year subject to satisfactory progress. 

For all the three categories: (i) stipends are likely to be revised soon and, (ii) medical care will 
be provided. For category (a) hostel accommodation will be provided. For categories (b) and (c) 
either hostel accommodation or Rs 650/- p.m. as house rent (in case of non-availabiiity of hostel 
accommodation) will be provided. 

Application forms may be obtained from the Administrative Officer-1 at the address mentioned 
above. Last date for receiving the duly completed application forms for ail the three categories 
(a), (b) and (c) is 15 Aprii 1998. 
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Department of Science and Technology 

UK-INDIA SCIENCE & TECHNOLOGY 
RESEARCH FUND 


The Department of Science & Technology (DST) of the Government of India and the Office of 
Science & Technology (OST) of the British Government jointly invite applications from the scientists 
and engineers from Universities, their affiliated colleges, deemed Universities, autonomous research 
institutions and industrial R&D units for financial support under the Indo-British Science & Technology 
research programme to develop and implement joint projects in pre-determined areas of mutual 
interest. 

2. The following areas have been identified for support during 1998-2001: 

• Agro-Food and. Biotechnology 

• Advanced Manufacturing, including Materials Research 

• Telecommunication, including Information Technology. 

3. Whilst considering proposals, particular importance will be attached to scientific merit, value of 
money and likely long-term industrial relevance. Preference will be given to projects with clear 
industrial relevance or identifiable industrial potential. The participation will be taken automatically 
as evidence of such relevance. The proposals are required to have the signatures of both Indian 
and British collaborators. 

4. Financial support will be limited to international travel. Funding for equipment, bench fee, 
institutional overhead will not be provided under this programme. A token money will, however, be 
provided to meet the expenses towards the consumables. 

5. Proforma for filing the proposals may be obtained from: 


C. R. Murty, 

Principal Scientific Officer, 

Department of Science & Technology, 
Technology Bhavan, 

New Mehrauli Road, 

New Delhi 110 016. 


Michael White, 

First Secretary (S&T), 

British Council Division, 

British High Commission, 

17, Kasturba Gandhi Marg, 

New Delhi 110 001. 

(email: uistrf@bcdelhi.bcindia.sprintsmx.ems.vsnl,net.in) 


The proforma can also be down loaded from DST Homepage Address or British Council Home 
Page Address respectively as given below: 

http://www.nic.in/snt 

http://www.britcoun.org/science/satnews.htm 


6. Request for applications may be made latest by 30 March 1998 along with a self-addressed 
envelope (12 cm x 27 cm). The proposals completed in all respects should be submitted latest by 
30 April 1998. 
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P. B. Gupta Memorial Award 

( 1996 ) 

Applications are invited from Young Scientists, below 40 years of 
age, on 1 January 1997 with accredited independent original 
research work in the field of Inorganic, Organic or Physical 
Chemistry, for consideration of P, B. Gupta Memorial Award (1996), 

The applications containing bio-data and accompanying re¬ 
prints of five best publications in the respective area during the 
last five years should reach 

The Registrar, 

Indian Association for the Cultivation of Science, 

2A&B Raja S, C. Mullick Road, 

Jadavpur, Calcutta 700 032 

latest by 30 March 1998. 


• Pondicherry University 

PoncJicherry 

Applications are invited on plain paper along with the copies of certificates and testimonials for the 
following post in the Distributed Information Sub-Centre currently funded by Department of Bio¬ 
technology, Govt of India. The post will be taken over by the University after the DBT funding 
ceases. Till such time the appointment to the Post will be purely on ad-hoc basis only. 

Information Officer (one) Rs 2200-4000 (pre-revised) plus other allowances and benefits as 
admissible by University rules. Higher start can be given to deserving candidates. 

Minimum qualification: Master’s degree in Life Sciences/Biotechnology/Computer Sciences with 
atleast three years experience in related areas. Preference will be given to the candidate with Ph.D. 
degree and experience in bioinformatics/computational biology. Aptitude for teaching and research 
along with the knowledge of official procedure will be added qualification. 

Age. 35 years (relaxable in case of SC/ST and in-service candidates). 

Applications along with supporting documents should reach Prof. P. P. Mathur, Officer-in-Charge, 
Bioinformatics Centre, Pondicherry University, Pondicherry 605 014 within 30 days of the publication 
of this advertisement. 


Registrar i/c 
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In this issue 


Cray vs Chipps vs Flowsolver 
vs Par am vs Anupam: 
Evaluating indigenous parallel 
computers for weather 
prediction 

Forecasting the weather a couple of 
days in advance is such an important 
task that one of the first supercomput¬ 
ers (Cray) procured by India is being 
used for it at the National Center for 
Medium Range Weather Forecasting. 
Such supercomputers, however, are 
quite expensive; more importantly, 
they cannot always be obtained by 
money alone. Export restrictions 
imposed by the government of the 
country manufacturing it can create 
major hurdles for importing high- 
performance computers based on pro¬ 
prietary high-speed processors. 

An alternative approach to building 
fast computers is based on using paral¬ 
lelism. Instead of using a single, ex¬ 
pensive, ultra-fast processor, it is 
possible to connect a large number of 
relatively inexpensive processors to¬ 
gether, which can simultaneously work 
on different parts of the computation. 
Such ‘parallel’ architecture can, in 
principle, give a very high level of 
performance for some types of prob¬ 
lems “ those where parts of the prob¬ 
lem can be tackled simultaneously. 
Weather prediction, as explained 
clearly and in detail in the article by 
B. K. Basu on page 508 of this issue, 
is one of such tasks. Similar types of 
calculations have to be carried out on 
the sets of meteorological variables 
like pressure, temperature, etc. at 
many points on the global latitude- 
longitude grid, for many atmospheric 
layers at different heights. How effec¬ 
tively can it be tackled in practice us¬ 
ing parallel computers? In November 
1992, the National Center for Medium 
Range Weather Forecasting invited 
several of the centers working on the 
development of parallel computers for 
testing the parallelizability of the 
NCMRWF weather prediction soft¬ 
ware. Four of these centers accepted 


the invitation, and actively participated 
in the exercise between end of 1993 to 
early 1996. The article by B. K. Basu 
is an account of this effort. 

The machines developed by the four 
contesting groups (Chipps of C-Dot, 
Flowsolver of NAL/IISc, Param of C- 
DAC/IIT (D) and Anupam of BARC) 
were thus pitted against the Cray, and 
also against each other. How did they 
fare in terms of speed and accuracy? 
Unfortunately, it is not easy to decide 
who the winner is (if at all). The con¬ 
testants differed widely in their choice 
of the type (transputers vs i860) as 
well as the number (8, 9, 14 and 128) 
of processors - and the price (if any) 
has not been mentioned. The major 
importance of the article is in the in¬ 
teresting description of the range of 
options available in parallelizing the 
computations, the intriguing small but 
consistent (and unexplained) discrep¬ 
ancies between the results of serial 
versus parallel computation, and the 
comprehensive look at the potential of 
parallel computers in taking over 
many of the other tasks related to 
weather forecasting. As to the results 
mentioned there - well, they are as of 
31 March 1996. As the author has 
rightly pointed out, much has changed 
during the last two years in terms of 
the availability of computational fa¬ 
cilities at these centers as well as at 
NCMRWF. 

Two years is a very long time in the 
fast-changing world of computers- 
processors, memories and communi¬ 
cations have all become faster, 
cheaper, more powerful. The 8.5 
nanosecond tick of the Cray men¬ 
tioned in the article has been surpassed 
by the 5 nanosecond tick of 200 MHz 
Pentiums available everywhere! This, 
together with the easily and freely 
available, robust and powerful Linux 
operating system and the excellent 
(and freely available) software tools 
resulting from the vigorous, internet- 
based collaborative efforts of the vi¬ 
brant international community of free 
software developers have led to un¬ 


precedented performance and price/ 
performance ratios. Sustained speeds 
in the range of gigaflops have been 
reported for astrophysical simulations 
from a cluster of sixteen linux-based 
Pentium class computers. It would be 
of considerable interest to see how 
well such systems can meet the com¬ 
plex challenges described by B. K. 
Basu. 

N. V. Joshi 


Human impact on an Antarctic 
freshwater lake: Ecobiological 
studies of the Priyadarshini 
lake 

Almost all the studies describing 
human impacts on natural ecosys¬ 
tems demonstrate a substantial de¬ 
gree of deterioration. A welcome 
exception is the article by Baban 
Ingole and Vinod Dhargalkar on 
page 529 of this issue, where they 
report that despite a five-fold in¬ 
crease in human activities in the 
surrounding region over the last 15 
years, environment of the Lake Priya¬ 
darshini at the Schirmacher Oasis, 
East Antarctica is in a healthy con¬ 
dition. 

Indian studies on this lake (earlier 
known as the ZUB Lake) began in 
1984-85, when the environment was 
not exposed to human activities. In 
February 1985, the Indian summer 
research station Maitri was set up 
close to Lake Priyadarshini. This 
was upgraded to a permanent re¬ 
search station in 1988-1989. As a 
result, considerable scientific activ¬ 
ity has been going on in and around 
the lake. In fact, the movement of 
vehicles and humans has increased 
by almost a factor of five over the 
years; this should have caused some 
changes in the ecobiology of the 
lake. There has been a regular 
monitoring of the water quality of 
the lake since 1984-85. Earlier 
studies have mostly been carried out 
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during the summer. In their article, 
the authors have described the re¬ 
sults of the first year-round study, 
conducted between January 1993 
and January 1994. 

The water quality parameters re¬ 
corded by the authors included sur¬ 
face and sediment temperatures, 
salinity, pH, dissolved oxygen con¬ 
centration, proportion of sand, silt 
and clay and organic carbon, etc. In 
addition, biological parameters such 
as the amount of chlorophyll, pri¬ 
mary productivity, faunal density 
and faunal biomass were also re¬ 
corded. The year-round study has 
revealed an interesting bimodal 
pattern; phytoplankton, etc. attained 
maximum values in summer as well 
as in late winter. More importantly, 
a detailed comparison of critical 
parameters over the decade has 
shown that despite many adverse 
factors (emission of gases and dust 
from generators, domestic waste, 
possible oil spills from storage and 
repair of vehicles), the lake ecosys¬ 
tem has remained reassuringly 
healthy. The authors, however, have 
also stressed the need for taking 
steps to prevent any damage to this 
unique and fragile ecosystem. 

N. V. Joshi 


Physiology and overcrowding 

Does overcrowding affect the physi¬ 
ology of living organisms? There is 
little doubt that overcrowding influ¬ 
ences behavioural patterns in di¬ 
verse species, from mice to men, but 
firm correlates to chemistry at a 
cellular level are still elusive. In this 
issue (page 534), Ravikumar and 
Michael report studies on the 
‘influence of group density and sex 
ratio on the immune response’ of a 
fish with a formidable name, Oreo- 
chromis mossambicus. Their experi¬ 
mental design is simple. Increase the 
population of fish in a tank under 
controlled conditions and monitor 
the antibody response to a protein 
antigen, bovine serum albumin. 
They also investigate the effects of 
sex ratio within groups. Their results 
show that the immune response to 
the foreign antigen was enhanced in 
all ‘overcrowded groups’ as com¬ 
pared to a control group, except in 
the case of the equal sex ratio group. 
Clearly, while overcrowding may be 
stressful, the effects are mitigated by 
a more even sex ratio. Interestingly, 
their results are at variance with 
earlier reports cited on page 536 
that overcrowding in fishes dimin¬ 
ishes the immune response. This 


report is one of many in the litera¬ 
ture that points to chemical signal¬ 
ling as an important device to 
control the physiology of animal 
populations. While pheromones, 
small, volatile and apparently inno¬ 
cent organic molecules, have been 
extensively studied with relation to 
insects, there is growing realization 
that many new ‘pheromones’ remain 
to be characterized. The recent 
report that menstrual cycles can be 
modulated by secreted, volatile 
chemicals (K. Stern and M. K. 
McClintock, Nature, 1998, 392, 
177) is a dramatic example of the 
control that chemistry exercises over 
physiology. 

The results of Ravikumar and Mi¬ 
chael also reemphasize an old con¬ 
cern - how inter-related are the 
nervous, endocrine and immune 
systems? How important are envi¬ 
ronmental stresses in determining 
physiological responses? In the fu¬ 
ture where overcrowding and stress 
are clearly going to be important 
and unavoidable components of hu¬ 
man existence in many parts of the 
world, the barriers between behav¬ 
ioural science and biochemistry may 
indeed have to be dismantled. 

P. Balaram 
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CORRESPONDENCE 


Decline in interest for S&T training 


This is with reference to the article ‘A 
declining trend in the interest of fresh 
graduates for doctoral and post-doctoral 
training in different areas of science and 
technology’ {Curr, Sci., 1998, 74, 20- 
24). It has been aptly pointed out by the 
authors that the decrease in the interest 
of pursuing research is due to scarcity 
of job opportunities and a sudden in¬ 
crease in employment opportunities in 
other sectors of society. The authors 
have taken the ratio of the number of 
applicants for JRFs/SRFs/RAs/SRAs to 
the M Sc graduates’ output. It would 
have been more appropriate if the ratio 
of the number of Ph Ds awarded or the 
number of Ph D registrations to the 
graduate output was considered. This 
ratio is important because for pursuing 
Ph D in our country, qualification in 
UGC-CSIR or GATE is not. a must 
since some Universities and Institutes 
admit candidates with a mere M Sc. One 
more point to be considered here is that 
most of the Universities consider State 
Level Eligibility Test (SLET) conducted 
by the respective State College Service 
Commissions as an eligibility for ad¬ 
mission to Ph D without even a formal 
entrance test. So the ratio of Ph Ds 
awarded/registered, to graduate output 
may provide a more realistic assessment 
of research interest among the gradu¬ 
ates. 

There are a number of other factors 
which merit attention in analysing the 


declining trend in the field of research 
among the fresh graduates: 

1. Increasing budgetary constraints 
prevent Universities and research Insti¬ 
tutions from attracting students since 
they cannot afford to offer fellowships 
to the deserving. 

2. The decision by the UGC not to 
consider GATE-qualified candidates for 
Ph D fellowship is a severe blow to 
potential Ph D aspirants and new en¬ 
trants to research. 

3. The CSIR-UGC exam which is es¬ 
sential to obtain a fellowship is rated as 
one of the toughest exams. Most Indian 
Universities do not have a curriculum at 
graduate and post-graduate level on par 
with the UGC-CSIR exam syllabus. 
Candidates do not have a clear cut idea 
of the requirements so that they can 
prepare well accordingly. Model papers 
and previous exam papers are not avail¬ 
able, which again is a hindrance to the 
applicant. 

4. The delay in implementing of a 
novel system like the Indian Scientific 
Service (ISS) on the same lines as In¬ 
dian Administrative Service, wherein 
any student admitted for a Ph D after 
rigorous testing and screening is guaran¬ 
teed a government service like Scien¬ 
tist/Research Officer. Every year the 
number of Ph D admissions shall be 
made keeping in view the number of 
vacancies that may arise in the next two 
years. Until such a guarantee is not 


given, research interest will continue to 
erode. 

5. Last but not the least, is the amount 
of fellowship that is being paid to the 
JRFs/SRFs/RAs/SRAs. At present it is 
Rs 2500 and Rs 2800 (excluding house 
rent) for JRF and SRF, respectively. A 
B Sc graduate working as a technician 
in a private diagnostic laboratory is paid 
the same salary or even more. Further, 
the technician has increasing opportu¬ 
nities of employment along with his 
experience. But the same is not the case 
with a Ph D student. Recently the Gov¬ 
ernment of India has enhanced the pay 
for all its employees in all sectors and 
has not even uttered a word about the 
fellowships enhancement to JRFs/SRFs/ 
RAs/SRAs, who form the foundation 
and manpower of Indian scientific re¬ 
search; and the same Government ex¬ 
pects good results in Science and 
Technology. It is today’s JRFs/SRFs/ 
RAs/SRAs who will be tomorrow’s sci¬ 
entists and it is the responsibility of the 
Government to woo the young research 
aspirants into the scientific field. It is 
entirely understandable that persons in 
every walk of life expect proper pay. 

Y. SURESH 

Department of Biochemistry, 

L, V. Prasad Eye Institute, 

Rd No. 2, Banjara Hills, 

Hyderabad 500 034, India 
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CORRESPONDENCE 


Geo-hazard with oil and gas production in Krishna- 
Godavary Basin 


Large-scale production of oil and gas in 
some parts of the world leads to land 
subsidence resulting in irreversible en¬ 
vironmental damage. Scepticism about 
such reports is that there are many oil 
and gas fields without any such inci¬ 
dent. Consolidation or volume reduction 
of the reservoir rocks is possible only 
when they are unconsolidated or semi- 
consolidated. The time taken for such 
manifestation depends on the depth of 
the reservoir rocks, their thickness and 
the stage since the pressures dwindled. 
.In fact, the time can be computed if the 
coefficient of consolidation of the res¬ 
ervoir sediment is known. In the total 
occurrences of oil and gas in the world, 
only 24% of the reservoirs are located in 
the youngest Tertiary formations while 
the rest are in the older consolidated 
rocks. The reported incidents of subsi¬ 
dence are confined only to the Tertiary 
sandstones as in parts of California and 
Texas in USA, Venezuela coast of 
South America, in Italy and in Tokyo. 
Depth of the reservoir formations in 
those affected areas varies from 2000 to 
7000 ft. Subsidence was reported to be 
in the range of 5 to 25 ft with rates 
varying from 0.07 to 1.18 ft per year. 
Subsidence phenomenon is a slow proc¬ 
ess and it may go unnoticed in the in¬ 
land area unless the land is surveyed for 
reduced levels periodically with selected 
benchmarks. Even horizontal move¬ 
ments along claystones and soft shale 
were reported, which generated small 
shallow earthquakes. 

The average subsurface geostatic 
pressure has a gradient of l.Opsi/ft of 
depth while the hydrostatic (reservoir) 
pressure gradient is 0.45 psi/ft of depth. 
When the oil and gas are fully ex¬ 
ploited, the hydrostatic pressure in the 
reservoir reaches atmospheric pressure. 
Consequently, the intergranular pressure 
(difference between geostatic pressure 


and hydrostatic pressure) in the resrvoir 
formation is increased, resulting in the 
compression of the rock. Oil and gas 
reserves in the Tertiary sandstones of 
the Krishna-Godavary Basin (K-G) are 
reported to occur at a depth range of 
3000 to 8000 ft. The recent blowouts in 
the East Godavary district revealed that 
the reservoir pressure is very high with 
free flow conditions. A rough and con¬ 
servative estimate of potential com¬ 
pression of formations in the K-G basin 
shows it in the range of 0.05 to 0.12 ft/ft 
thickness of the reservoir rock depend¬ 
ing on the depth and considering the 
Young’s modulus of elasticity (E) at 
2000 kg/sq cm (The range of E for 
dense sand is 500-2000 kg/sq cm.) 
A second method by depth-porosity 
relation puts it alarmingly high. Labora¬ 
tory tests in some oil fields have shown 
that sand grains undergo fracturing at 
high pressures (intergranular pressure at 
more than 100 kg/sq cm) and as a result 
they are as compressible as clays and 
siltstones and in some cases even more. 
The compression would be more if 
the reservoir rocks are intercalated 
with shales and siltstone and if the im¬ 
pervious roof rock (trap rock) is 
hydraulically connected to the reservoir 
rock. 

Usually, water injection is done into 
the oil reservoir for secondary recovery 
of oil. For the sake of retaining part of 
the original pressure, huge quantities of 
water are injected. In some oil fields, 
the ratio of injected water to the volume 
of withdrawal was about 1.25. But the 
economics of such a remedial measure 
in the K-G basin has to be worked out 
for an effective implementation. How¬ 
ever, in the case of gas field, water in¬ 
jection is said to be un-economical even 
for secondary recovery. Therefore, there 
is no remedial measure in their case and 
hence it remains a potential danger. 


Krishna-Godavary basin draws spe¬ 
cial attention from the environmental 
point of view. Geologically, the region 
appears to be fragile with a thick pile of 
argillaceous sediments dipping towards 
the sea and underlain by faults. It is a 
delta land on the coast at an elevation of 
3 to 10 ft above mean sea level. Subsi¬ 
dence of the region even by a small 
amount of this would devastate the 
whole region due to changing of the 
courses of the two mighty rivers, and 
sea incursion along the coast. If hori¬ 
zontal slip and slow continuous creep¬ 
ing along claystone and shale at depth 
happens, as has been reported in some 
oil fields, it would be catastropic. The 
region is densely populated and is one 
of the major rice bowls of the country. 
The country cannot afford to lose such a 
developed area on purely economic 
consideration. 

As there is a potential danger with 
subsidence of the delta region due to 
exploitation of oil and gas, it is desired 
that the Oil and Natural Gas Corpora¬ 
tion take up detailed investigations with 
modelling studies. An expert committee 
needs to be constituted to study the 
problem in detail before they go into 
full scale production and work out 
strategies to avert subsidence in the 
region. Suggested reading: 1. Halbouty, 

M. T. (ed.), Geology of Giant Petroleum 
Fields, Memoir 14, 1970, APPG, USA. 
2. Poland, J. F., Guidebook to Studies of 
Land Subsidence due to Groundwater 
Withdrawal, UNESCO, 1984. 3. Rao, G. 

N. , 7. Geol Soc. India, 1993 , 41, 444- 
454. 


G. Krishna Rao 

Department of Geology, 

Andhra University, 

Visakhapatnam 530 003, India 
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Genetic resources and traditional knowledge: From Chennai 
to Bratislava* 


The South and South East Asia region is 
rich in both biodiversity and human 
population. More than half of the global 
population as well as more than half of 
the world’s poor live in this region. A 
great challenge facing the countries in 
• this region is the conversion of their 
biological resources into economic 
wealth in an ecologically sustainable 
and socially equitable manner. The par¬ 
ticipants drawn from 14 countries in this 
region who met at the M. S. Swamina- 
than Research Foundation at Chennai 
from February 22 to 25, 1998, therefore 
welcome the opportunity that will be 
provided to review matters related to the 
sustainable and equitable use of biodi¬ 
versity at the 4th Meeting of the Con¬ 
ference of Parties (COP-4) to the 
Convention on Biological Diversity 
scheduled to be held at Bratislava, Slo¬ 
vakia from 4 to 15 May, 1998. 

The participants reviewed the situa¬ 
tion in their respective countries in the 
area of biodiversity conservation and 
use before and after the coming into 
force of the Convention on Biological 
Diversity (CBD). They concluded that 
in the South and South Asian countries, 
the CBD has catalysed greater aware¬ 
ness, analysis and action in relation to 
all the following three major goals of 
CBD - Conservation, Sustainable use 
and Equitable sharing of benefits. While 
progress is being made with reference to 
the first two of the above three goals, 
initiatives relating to equitable sharing 
of benefits, taking into account the gen¬ 
der dimensions of equity, have been 
inadequate both in this region as well as 
globally. The participants therefore wel¬ 
come the inclusion of ‘Matters related 
to benefit sharing’ as item 16 on the 
agenda for COP-4. They request Gov¬ 
ernments which will be participating in 
COP-4 to consider seriously the follow¬ 
ing suggestions relating to the imple¬ 
mentation without delay of the 
provisions of CBD relating to access, 
benefit sharing, prior informed consent 


^Report on the South and Southeast Asia 
Regional Workshop on Access to Genetic 
Resources and Traditional Knowledge. 


and protection of traditional knowledge 
systems and rights (Articles 7-12, 14- 
18 of CBD). 

Subsequent to the coming into force 
of the CBD, the World Trade Agree¬ 
ment and its provisions for Trade Re¬ 
lated Intellectual Property Rights 
(TRIPS) have also come into force. Un¬ 
der the World Trade Agreement, 
‘Members shall provide for the protec¬ 
tion of plant varieties either by patents 
or by an effective sui generis system or 
by any combination thereof. With the 
strengthening and widening of the IPR 
regime, instances of attempts in indus- 
tralized countries to patent material 
based on traditional knowledge and 
genetic strains derived from this region 
are growing. 

This has led the Consultative Group 
on International Agricultural Research 
(CGIAR) to call for a moratorium on 
IPR claims on seeds held in trust in the 
Gene Banks at its International Agricul¬ 
tural Research Centres such as the In¬ 
ternational Crops Research Institute for 
the Semi-arid Tropics (ICRISAT) lo¬ 
cated at Hyderabad in India and the 
International Rice Research Institute 
(IRRI) located at Los Banos in the 
Philippines. Various other material 
grown in countries of this region for 
centuries and whose medicinal and 
other properties have been known for 
ages, such as neem and turmeric, have 
been subjected in recent years to IPR 
claims in the industrialized countries. 
Even plant material of well-established 
geographical identity such as basmati 
rice grown in Pakistan and India, has 
been subjected to IPR claims. There¬ 
fore, the participants urge Governments 
participating in COP-4 to take urgent 
steps to harmonize the provisions of 
TRIPS with equitable benefit sharing 
and prior informed consent (PIC) pro¬ 
visions of CBD. What is urgently 
needed is a new global trade and trans¬ 
actions order which can be termed 
‘TRIPS PLUS’, where ‘plus’ refers to 
equity and ethics in IPR claims. Since 
the same Governments are members of 
both the World Trade Organization and 
CBD, there is need for coordinated ac¬ 
tion in matters relating to biodiversity. 


In this context, the Participants wel¬ 
come the recent move of the World In¬ 
tellectual Property Rights Organization 
(WIPO) to consider questions relating 
to according recognition to traditional 
knowledge systems and informal inno¬ 
vations. Traditional and formal knowl¬ 
edge systems represent a continuum and 
it will be unethical to recognize only the 
‘tip of the iceberg’ in the innovation 
chain. Synergy between traditional 
knowledge and modern science is often 
essential for imparting the dimensions 
of ecological and social sustainability in 
technology development and dissemi¬ 
nation. 

Pending the enactment of suitable 
legislations to give effect to the provi¬ 
sions of CBD, we urge countries in this 
region to introduce immediately steps 
such as codes of conduct for both aca¬ 
demic researchers and commercial en¬ 
trepreneurs and companies, and 
information and material transfer 
agreements for the purpose of imple¬ 
menting the PIC and benefit sharing 
provisions of CBD. Know-how licences 
of the kind introduced in Peru will also 
be valuable to regulate the flow of in¬ 
formation and resources. Knowledge 
and the resources to which the knowl¬ 
edge relates often go together. 

Several significant voluntary initia¬ 
tives have been developed by research 
institutions, botanic gardens and com¬ 
mercial companies in the areas of PIC 
and benefit sharing, such as develop¬ 
ment of institutional policies and codes 
of conduct on access and benefit shar¬ 
ing. Their experience provides valuable 
lessons for developing transparent and 
implementable procedures for ensuring 
equity and ethics in the use of tradi¬ 
tional knowledge and genetic resources. 
Case studies on the experience of the 
Philippines and of the Andean Pact 
countries in enforcing legal measures 
for access and benefit sharing also pro¬ 
vide important insights of value to other 
countries currently developing legisla¬ 
tion relating to CBD. The experience 
gained so far in the Philippines stresses 
that access, PIC and benefit sharing 
legislation should be simple and practi¬ 
cal. It should not be overloaded with too 
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many objectives but should concentrate 
on the fundamentals of equity and ethics 
in access to resources and knowledge 
and in sharing benefits. The Philip¬ 
pines’ experience also stresses that: 

♦ legislation should be based on a 
sound understanding of the nature 
and extent of demand for genetic re¬ 
sources and should be linked to na¬ 
tional needs. 

♦ legislation should be prepared 
through wide stakeholder participa¬ 
tion. 

Political and socio-cultural conditions 
vary widely within and among nations 
in this region with reference to systems 
of ownership of areas endowed with 
great biological wealth. Hence biodi¬ 
versity legislation should provide for 
institutional structures and processes 
which can deal with issues arising from 
diversity and pluralism in culture, tradi¬ 
tions, local laws and local resources. 
Effective action on Article 8(j) of CBD 
dealing with indigenous knowledge 
systems and contributions to conserva¬ 
tion has so far not taken place atleast 
partly because of aggregation of diverse 
issues. The legislation should be based 
on an assessment of issues relating to 
benefit sharing such as the following: 
Who owns genetic resources? Who is 
authorized to take decisions on PIC? 
Who benefits and how? Has specific 
attention been given to the role and 
contribution of women in the conserva¬ 
tion and management of biodiversity? 

In this context it will be useful if 
lUCN could circulate a list of available 
materials such as books, manuals, re¬ 
ports, MTAs, ITAs, etc. in order to ex¬ 
plain the range of options available, and 
work with others to draw on this experi¬ 
ence to develop guidelines for preparing 
strategies and action plans for address¬ 
ing access and benefit-sharing issues. 

In spite of the variability inherent in 
cultural and political systems and in 
spite of the complexities involved, it is 
essential that immediate national and 
regional action is taken to implement 
the PIC and benefit-sharing provisions 
of CBD. An integrated package of legis¬ 
lative and non-legislative measures 
could be introduced, appropriate to the 
conditions of each country. While con¬ 
servation and benefit-sharing measures 
have to be country-driven, there is 
scope and need for a Regional Biodiver- 
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isty Access and Benefit-sharing agree¬ 
ment among countries in this region. We 
welcome the call made by ASEAN for a 
common protocol on access and benefit¬ 
sharing among member-states. We re¬ 
quest SAARC countries to develop a 
similar common protocol. We urge the 
Secretariats of ASEAN and SAARC to 
initiate steps to promote consultation 
and information exchange which can 
lead to reciprocity and concerted action 
in matters relating to access to genetic 
resources among countries both within 
and outside the region. 

The active participation of the com¬ 
mercial sector is important for achieving 
the goals of CBD. In dialogues relating 
to CBD legislation, government, non¬ 
governmental and private sector should 
all be involved. Pending legislative 
steps, the private sector could incorpo¬ 
rate in its operational procedures, 
guidelines for complying with the prin¬ 
ciples of PIC and benefit sharing, as is 
already being done by some pharma¬ 
ceutical companies. Governments could 
also facilitate private sector involve¬ 
ment in the commercialization of biodi¬ 
versity through know-how licences, 
MTAs and ITAs. Suitable codes of con¬ 
duct could be developed and enforced 
by the companies themselves. 

Steps to conserve and use biodiversity 
in a sustainable and equitable manner 
should include attention to microbial 
diversity. Both terrestrial and marine 
micro-flora and micro-fauna should be 
included among the genetic material 
where provisions relating PIC and 
benefit-sharing are applied. There is a 
need to strengthen national capability in 
the conservation, cataloguing and use of 
microbial biodiversity. Marine genetic 
resources also require special attention. 
Another urgent need is the intensifica¬ 
tion of efforts in training biosystema- 
tists. With a fast-growing expansion in 
the search for new genes for use in agri¬ 
culture, industry and medicine, there is 
an increasing demand for biosystema- 
tists. 

A network of resource per¬ 
sons/institutions in this region needs to 
be established to assist each country in 
the preparation of concrete legislative, 
administrative and other actions, includ¬ 
ing the development of national 
laws/policies, benefit sharing, PIC and 
access arrangements. lUCN could assist 
in 'the organization of a South and 


South-east Asia Network of Resource 
Institutions/Persons for implementing 
the equity provisions of CBD, as part of 
its on-going Regional Biodiversity Pro¬ 
gramme. 

The Leipzig Plan of Action adopted 
in 1996 at the Technical Consultation 
convened by FAO provides an excellent 
framework of the conservation and sus¬ 
tainable use of agro-biodiversity. Ex situ 
collections of germplasm are essential 
to prevent genetic erosion, particularly 
at the intra-specific level. National 
Biodiversity Strategies should give con-, 
current and integrated attention to in 
situ, ex situ and in situ on-farm conser¬ 
vation methods. PIC and benefit-sharing 
procedures relevant to each system of 
conservation need to be developed. 
Governments should enact a moratorium 
on IPR claims in relation to seeds held 
for public good in ex situ gene banks 
established prior to the coming into 
force of CBD. Also, the efforts of tribal 
and rural women and men in the field of 
in situ on-farm conservation of agro- 
biodiverity need recognition and re¬ 
ward. They are presently conserving 
valuable germplasm for public good at 
personal cost. 

Industrialized countries should also 
enact legislation which supports the 
implementation of the PIC and benefit¬ 
sharing provisions of CBD. Unless both 
providers and users of biodiversity have 
mutually reinforcing legislation, action 
on CBD provisions will become one¬ 
sided. Industrialized countries should 
also implement the technology-sharing 
provisions of CBD and should help the 
providers of genetic resources in adding 
value to the primary material. Value- 
addition to genetic resources is essential 
for improving the economic status of the 
primary conservers. Benefit-sharing and 
value-addition will help to end the pre¬ 
vailing irony, where the conservers live 
in poverty in contrast to the prosperity 
of those who utilize their knowledge 
and material. 

Chronicling of traditional practices 
and local biodiversity wealth will help 
to generate greater awareness of the 
importance of conserving biodiversity 
and using it sustainably and equitably. 
At the same time, such People’s Biodi¬ 
versity Registers will help to safeguard 
the IPR rights of local communities, 
Multimedia database development on 
the innovations, selections and genetic 
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resources conserved by tribal and rural 
families will help to get them benefits as 
and when national and global biodi¬ 
versity funds are established. Such reg¬ 
isters and databases will also help to 
chronicle dying wisdom in matters relat¬ 
ing to the conservation and use of bio¬ 
diversity. It will be appropriate to 
accord legal recognition to such local 
level Biodiversity Registers. 

Governments, NGOs and other stake¬ 
holders should promote social market¬ 
ing of the need for benefit-sharing and 
access regulations. Public awareness 
and concern will be necessary to stimu¬ 
late political action. Mass media can 
play a critical role in generating public 
opinion for both conservation and sus¬ 
tainable and equitable use. Media Re¬ 
source Centres should be established for 
providing media credible information. 
Media representatives should be asso¬ 
ciated with all stakeholder groups. 

In the development of national laws 
relating to the provisions of CBD, it 
will be necessary to ensure widespread 
public and stakeholder participation. 
The process adopted in preparing the 


legislation is as important as the prod¬ 
uct. The development of a national ac¬ 
cess and benefit-sharing strategy is an 
exciting adventure in stakeholder par¬ 
ticipation and partnership. By generat¬ 
ing a sense of symbiotic, partnership, 
undesirable practices like biopiracy can 
give way to an era of biopartnership 
based on procedures like co-patenting 
and credit and profit-sharing. South- 
South partnership is as important as 
North-South partnership for using bio¬ 
diversity for public good, since the cen¬ 
tres of diversity of most economic 
plants occur in the South. 

The CBD marks a transition from an 
exploitative and inequitable relationship 
between the providers of biodiversity 
and its users to one of partnership be¬ 
tween them based on the principles of 
equity and ethics. Since biodiversity 
constitutes the feedstock for the bio¬ 
technology industry and serves as the 
foundation of sustainable food, health 
and livelihood security, the paradigm 
shift introduced by CBD in the relation¬ 
ships among communities and nations is 
an extremely significant one from the 


point of harmony both within human 
societies and between humankind 
and the rest of nature. We therefore 
urge all nations to implement the 
provisions of CBD relating to conserva¬ 
tion, sustainable use and equitable 
sharing of benefits both in letter 
and spirit. The complexity associated 
with matters related to benefit-sharing 
should not become an excuse for 
inaction. A learning process will be 
involved before perfection can be 
achieved in legal provisions and imple¬ 
mentation procedures. Hence we appeal 
to the forthcoming COP-4 and to 
the GEF General Assembly in 
New Delhi not to let these unique op¬ 
portunities pass without developing 
consensus on basic principles and decid¬ 
ing to initiate concerted and cooperative 
action on methods of achieving the de¬ 
sired goals. 


M. S. Swamlnathan, M.S, Swamina- 
than Research Foundation, 3rd Cross 
Street, Taramani Institutional Area, 
Chennai 600 113, India 


Earth sciences go the fractal way* 


The impact of fractals on the earth sci¬ 
ences was the subject of a recent work¬ 
shop, The lectures delivered covered 
introductory aspects of fractals, perco¬ 
lation, and other related matters in full 
detail together with a wide range of 
their applications in earth sciences. 

The general introduction done very 
extensively, highlighted not only the 
fascinating mathematical and physical 
aspects of the concept of fractals but 
also the aesthetic appeal it has. It per¬ 
tains to objects that are ‘self-similar* at 
various length scales and therefore ex¬ 
hibit the dilatory symmetry. The best 
examples of fractals are indeed found in 
nature - in and around us - and there 
are perhaps simple reasons for it. The 
concept has been known for a long time 


*Report of the Workshop on Application 
of Fractals in Earth Sciences organized 
at the National Geophysical Research Insti¬ 
tute, Hyderabad during 22-26 September, 
1997. 


to mathematicians and physicists who 
have analysed it extensively and have 
also found numerous applications. Earth 
scientists and physiologists in the 
West have recognized the potential 
of its application to their fields and 
are already using the idea (of fractals) 
and all that goes along with it in their 
research. It is high time we caught up 
with the world in these areas of re¬ 
search. For this reason the Workshop 
was the much needed and crucial first 
step. 

The first two days were devoted to 
preparing the background by under¬ 
standing: (i) the basics of fractals and 
multifractals - various definitions and 
illustrations, different methods of esti¬ 
mation of fractal dimensions such as 
similarity-, capacity-, information-, and 
correlation-dimensions; (ii) chaos - the 
Lyapunov exponent, and strange attrac¬ 
tors; (iii) self-organized criticality; (iv) 
stochastic differential equations; and (v) 
the percolation theory. 


The latter 3 days were devoted to the 
applications of the above to geological, 
geomorphological, geohydrological, 
gravity, magnetic, seismic, rock me¬ 
chanical, and climate studies. The un¬ 
derlying phenomena exhibit power law 
spectra. The ones discussed included 
frequency-size distribution of earth¬ 
quakes, faults, rock formation, volcanic 
eruptions, mineral deposits, well log¬ 
ging, and electromagnetic as well as 
generalized inductions. 

The famous Gutenberg-Richter fre¬ 
quency-magnitude relation 

InN^a-hM 

is a power law applicable to a range of 
magnitudes of earthquakes. Here N is 
the number of earthquakes of magnitude 
M and greater; a and b are constant. The 
constant h which is a measure of seis- 
mity of a region is half the fractal di¬ 
mension. A number of interesting 
aspects were explained and also 
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Figure 1. Devil’s staircase from Cantor dust to earthquakes - strain release from 
certain earthquakes during 1904-1955 (piot (c) is from ref. 1); a, Cantor dust; b and 
c, Devii’s staircase. 


emerged out of discussions, e.g. that the 
spatial and temporal correlation dimen¬ 
sion of distribution of epicentre of 
earthquakes tells us about the clustering 
of events; that there is curious intimate 
connection between the Cantor 
dust/Devil’s staircase and the strain 
released from large shallow earth¬ 
quakes^ (Figure 1); and recent signifi¬ 
cant findings that fractal dimension, and 
spatial and temporal correlation dimen¬ 
sions of distribution of earthquakes 
change before a major earthquake. 

Another general issue discussed was 
concerning the gravity and magnetic stud¬ 
ies. The geophysical problems are gener¬ 
ally formulated assuming a random 
distribution of the source. However the 
susceptibility data obtained extensively 
from around the globe show its variation 


to be fractal. New techniques for appli¬ 
cations to field examples were discussed 
for determining the fractal source pa¬ 
rameters that tie up with a given fractal 
nature of the crustal magnetization^. 

Polygonal networks of cracks and 
fractures found in mud, frozen ground, 
limestone and other media which un¬ 
dergo volume changes and surface 
stresses is another interesting subject 
discussed in the Workshop. Any such 
arrangement of non-overlapping space 
filling cells obeys a curiously simple 
Euler’s relation^ 

C-E + V = constant, 

C, E and V respectively being the num¬ 
bers of cells, edges and vertices 
(Figure 2). 


Application of the renormalization 
group method to electrical connectivity 
model of percolation theory was dis¬ 
cussed in order to understand the re¬ 
ported discrepancy in the results on 
conductivity of the crust investigated in 
the field and in laboratory, and also to 
appreciate the connection between rock 
types and different values of scaling 
exponents. 

Applications of percolation theory to 
islands, lakes, river networks and earth 
topography were discussed. ‘Path of 
percolating fluid’ was discussed in con¬ 
nection with the geological processes 
which depend on the geometry of rock 
matrix. The tortuosity near the percola¬ 
tion threshold and its connection with 
the fractal dimension of the fluid paths 
are some of the important issues. Dis¬ 
tinction between surface fractals repre¬ 
senting rock surface and volume fractals 
representing the bulk was discussed in 
some detail. Whether the two types of 
fractals could have the same dimension 
is an important question. 

In isolated pockets across the country, 
earth scientists have been using the con¬ 
cepts of fractals and percolation in their 
research for the last several years 
though without much pretence. This 
Workshop not only brought them to¬ 
gether and attempted to initiate some 
younger earth scientists into the subject 
to step up the activity, but also brought 
earth scientists in contact with physi¬ 
cists and mathematicians who have 
pursued research on fractals, percola¬ 
tion, chaos and self-organized critical¬ 
ity, etc. at international level for many 
decades. 

The last aspect above, I think, is par¬ 
ticularly significant. The earth scientists 
ought to benefit from this advantage at 
least at this stage of development of the 
subject. The following three steps in 
this direction, also discussed at the 
conclusion of the Workshop, could 
provide impetus to the activities: 

(a) A seminar circuit involving both, 
earth scientists and physical scien¬ 
tists, along the lines of the DST- 
supported ‘theoretical physics 
seminar circuit’, should promote a 
healthy mixing of active workers 
and also provide inspiration to the 
upcoming ones. 

(b) Workshops and meetings - initially 
of introductory nature but becom¬ 
ing more topical to have intensive 
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Figure 2. Picasso’s drawing obeys Euler's equation as well as the cracks and space 
filling irregular polygonal cells do. 


discussions ~ should be organized 
at different centres on a regular 
basis, with at least one meeting per 
year. 

(c) Registrations for Ph D with joint 
supervision - one supervisor from 
earth sciences and another from 
physics - should, in due course of 
time, produce a new generation 
of earth scientists with good 
proficiency in the involved 
aspects of relevant physics ideas 
and tools. 


1. Richter, Ch. F., Elementary Seismo¬ 
logy^ Freeman & Co., San Francisco, 
1958. 

2. Mans, S. and Dimri, V. P., Geophys. Res. 
Lett.. 1994, 21, 891-894; J. Geophys. 
Res., 1995, 100, 12605-12616; Geophys. 
J. Int., 1996, 124, 113-120. 

3. Korvin, G., Fractal Models in the Earth 
Sciences. Elsevier, New York, 1992. 


Vipin Srivastava, School of Physics, 
University of Hyderabad, Hyderabad 
500 046, India 
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Polar plumes and the solar wind: New clues from 
SUMER/SOHO 


B. N. Dwivedi and Anita Mohan 

Polar plumes are ray-like structures 
aligned along open magnetic field lines 
in polar coronal holes. Although appar¬ 
ently free to escape along open field 
lines, the plume gas is some 3-5 times 
denser than the interplume back¬ 
ground^'^. This large density variation 
implies that the coronal heating rate is 
not uniform over the hole and, in par¬ 
ticular, that enhanced energy dissipation 
must take place near the plume base 
(ref. 3 and references therein). Figure 1 
shows the polar plumes and equatorial 
streamers. 

Coronal holes are well-defined re¬ 
gions of strongly reduced EUV and X- 
ray emission in the solar atmosphere 
.and are associated with high-speed solar 


wind (composed of charged particles, 
ions and electrons). Spacecraft meas¬ 
urements show that the solar wind has 
two components which may be de¬ 
scribed as ‘slow’ and ‘fast’"^. The slow 
wind has a speed of about 400km/s 
while the high-speed wind travels twice 
as fast. The slow wind is an expected 
consequence of the corona’s high tem¬ 
perature. It is quite variable in terms of 
temperature, composition, magnetic 
field strength, etc. and is not in equilib¬ 
rium with the corona and transition 
layer at its base. But no one really 
knows what gives the high-speed wind 
its additional push. In contrast to the 
slow wind, the fast wind has the charac¬ 
teristics of being relatively uniform and 


stable. The spacecraft Ulysses also 
characterized two kinds of solar wind at 
solar minimum conditions. At high 
latitudes, Ulysses observed relatively 
smooth solar wind originating from the 
coronal holes in the polar regions. The 
fast wind departed very little from a 
velocity of about 750 km/s. Slow wind, 
at about 400 km/s and originating in the 
streamer belts was observed in a rela¬ 
tively narrow latitude band on either 
side of the ecliptic plane. 

One can safely assume that the emis¬ 
sion in coronal holes is low compared to 
the ‘non-hole’ corona because the 
plasma density and temperature at the 
base of the corona are reduced by the 
outflow in the open magnetic field 
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Inner Solar Corona in Oxygen VI 26.Jan,96 

«(iiniii Instrument: SUMER 

Observatory: SOHO 
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Figure 1. This composite image of the Sun and Its inner corona was observed in C Id 
line at 97.7 nm on 28 January 1996 and in O V! line at 103.2 nm on 26 January 1996. 
The C III Image (7 x ICK) shows the chromospheric network, some active regions 
and several prominences. The O VI image (3x10® K) clearly shows the polar plumes 
over the poles and indications of east and west equatorial streamers. Courtesy: 
SUMER/SOHO team. 


associated with the coronal holes and 
high-speed solar wind. The inference of 
these quantities, namely plasma density 
and temperature^, requires measure¬ 
ments at the limb where the foreground 
and background interference from the 
denser non-hole corona seems to be 
unavoidable. The corona consists of a 
very hot ionized gas containing free 
electrons. The coronal light that we see 
during a total solar eclipse is simply 
sunlight from the photosphere which 


has been scattered off the electrons 
in the corona and bent into our line 
of vision. The effect is somewhat 
similar to the scattering by tiny dust 
particles in a sunbeam, which renders 
them visible to us. The corona is best 
observed at X-ray and EUV spectral 
range not just because of the strong 
emission at these wavelengths but be¬ 
cause the relatively cold photosphere 
essentially emits no radiation at these 
wavelengths. It is simply black so as to 


study the corona in front of such a dark 
disc. 

During the first year of the SOHO 
(Solar and Heliospheric Observatory) 
operation, the Sun’s magnetic activity 
was minimum between the solar cycles 
22 and 23. The well-developed and 
relatively stable polar coronal holes 
provided a special opportunity to ob¬ 
serve and scrutinize the fast solar wind 
acceleration region from the remote¬ 
sensing instruments on the spacecraft 
SOHO. Solar Ultraviolet Measurements 
of Emitted Radiation (SUMER) instru¬ 
ment on SOHO recorded a unique set of 
data to investigate structures inside po¬ 
lar coronal holes, of which polar plumes 
are the most prominent ones. Jets of hot 
gas emanate from the Sun’s north pole 
in an EUV (O VI at 103.2 nm) image 
which is one of the best SUMER images 
of polar plumes taken on 1996 May 21 
and 22 (Figure 2). 

As the only readily available, ex¬ 
tended coronal features inside coronal 
holes, polar plumes provide important 
clues to the origin of the solar wind and 
heating mechanisms of its source re¬ 
gions. The SUMER observation of 
coronal holes and their interpretation 
call for the revision of our conventional 
perceptions concerning the plasma state 
of the corona and the source region as 
well as the acceleration of the fast solar 
wind. Consequently, we are facing a 
major change in ‘paradigm’ of the 
plasma physics of coronal holes and 
polar solar wind vis-d-vis the equatorial 
solar wind. The weakly colHsional 
plasma is far from local thermodynamic 
equilibrium and the radiation signatures 
of excessive broadenings of heavy ion 
EUV emission lines reveal strong wave- 
particle interactions. These observations 
conclusively suggest cool electrons and 
very hot ions in coronal holes, indicat¬ 
ing any single-fluid model completely 
obsolete. One of the major findings of 
SOHO is the observation that the fast 
and the slow solar wind originate and 
are accelerated in completely different 
ways. 

Briefly speaking, the SUMER obser¬ 
vations of polar coronal holes in 
Si VIII lines at 144.57 and 144.05 nm 
(ref. 6) measure via line-ratio spectro¬ 
scopic diagnostics, a plasma density of 
10^cm“^ at 20 arcsec (1 arcsec = 
715 km on the Sun) which drops off to 
6x10^ cm“^ at 300 arcsec in the polar 
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Figure 2. Polar plumes and macrospicuies (spike-like Jets) observed in O VI line at 
103.2 nm on 21 and 22 May 1996, over the north pole of the Sun. The area shown is 
380 arcsec (1 arcsec = 715 km on the Sun) in width and 285 arcsec in height. The 
solar limb is 30 arcsec below the lower border at the position of the short tick mark. 
North is up and west is right. Two radial vectors at angular pole distances of 7.5 de¬ 
gree are indicated. The plumes are shown in a linear scale after stray-light and flat- 
field corrections, and after applying a radial correction function empirically obtained 
by normalizing the plume west of the pole. (Image processing by G. Tomasch, 
MPAE, Germany.) 


coronal hole. This value of density is 
much lower than in closed field region. 
Likewise, making use of temperature- 
sensitive line-ratio from Mg IX lines at 
74.95 and 70.60 nm, an electron tem¬ 
perature hardly reaches the canonical 
value of 1 MK and remains below it and 
falls off rapidly with height in coronal 
holes^. Measuring O VI lines at 17.3 nm 
from CDS (Coronal Diagnostic Spec¬ 
trometer) and 103.2 nm from SUMER 
instruments on SOHO, it is tentatively 
found that the coronal temperatures 
show a steep decrease, reaching about 
300,000 K at r=1.35R^ is the 
solar radius). Consequently, the con¬ 
ventional single-fluid models of coronal 
hole outflow are now outdated and 
should be replaced by multi-fluid mod¬ 
els. Electrons are in fact largely decou¬ 
pled from thermodynamics of ions. 
Protons and more predominantly heavy 
ions are rather super hot in coronal 
holes. Moreover, the ion temperatures 
are anisotropic which are interpreted as 
the result of ion-cyclotron heating. All 
these new clues are likely to play crucial 


role in the modelling and understanding 
of acceleration mechanisms of the solar 
wind in the entirely new perspective. 
Observations from the UVCS 
(Ultraviolet Coronagraph Spectrometer) 
on board SOHO, have also been the 
most decisive and the first to show that 
heavy ions have very broad profiles in 
polar coronal holes^. 

In summary, the major findings from 
SUMER observations of polar coronal 
holes indicate; (1) the electron tempera¬ 
ture is less than 600,000 K in plumes 
which decreases with height; (2) near an 
inter-plume lane, the electron tempera¬ 
ture is also low, but its height profile is 
almost isothermal; (3) the electron 
density of 10* cm“^ at 20 arcsec drops 
off to 6xl0^cm"^ at 300 arcsec; (4) 
line widths in plumes are narrower than 
inter-plume lanes; (5) the thermal and 
turbulent ion velocities reach values up 
to about 80 km/s in the darkest regions 
above the coronal hole which corre¬ 
spond to a kinetic ion temperature of 10 
MK; and (6) a limit of about 18 km/s for 
the bulk velocity in plumes below 


r=1.2i?Q is inferred from line shifts 
measurements^. 

The observation of the narrow.er line 
widths of emission lines in plumes than 
in inter-plume lanes, the absence of any 
significant motion in plumes below 
r=1.2R^ and high line-of-sight ve¬ 
locities found in dark regions above the 
coronal holes support the inference that 
the inter-plume lanes are the genuine 
source regions of the fast wind. 

These observations provide a vital 
clue to the fast solar wind acceleration‘s. 
That is, it is the dark inter-plume lanes 
and not plumes from where the fast so¬ 
lar wind emanate. In conclusion, 
SUMER/SOHO observations of coronal 
holes provide a compelling body of 
evidence to revise our understanding of 
the source region structure and accel¬ 
eration mechanisms of the solar wind. A 
beginning has been made but much re¬ 
mains to be done. And the outstanding 
problem of ‘solar wind acceleration’ 
may well be put in the words of the 
Nobel Laureate George W. Beadle: ‘It’s 
hard to make a good theory; a theory 
has to be reasonable, but a fact doesn’t.’ 
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Unique ultra-structural features of photoreceptor cells and 
their functional significance in the retina of the frog, Rana 
limnocharis (Wiegmann) 


The retina of vertebrates, like iris and 
ciliary epithelium, is differentiated from 
the inner layer of the evaginated optic 
cup. The specifically differentiated 
photoreceptor consists of two kinds of 
cells - the rods and cones, each of 
which is divided into two segments, the 
inner and outer segments, connected by 
a cilium^ The rod cell is a long and 
highly specialized structure, its outer 
segment being cylindrical with uniform 
thickness. The rod outer segment is 
homogenous in fresh condition, is posi¬ 
tively birefringent in polarized light and 
possesses brilliant refractility. The cone 
outer segment, on the other hand, is a 
conical structure, being wider at the 
base and tapering towards the tip. 

Like different retinal structures'"^, 
rods and cones exhibit generic differ¬ 
ences in fine structure, although their 
basic morphological and anatomical 
features are similar in all the animal 
species. The rod outer segment of frog, 
unlike other vertebrates, is an uncom¬ 
monly large structure of about 60 pm in 
length and 6 pm in diameter, and is 
constructed of long, packed rodlets of 
about 1 pm in diameter^. While the di¬ 
ameter of photoreceptor outer segment 
is related to some important optical 
phenomena such as wave guide effects^ 
its surface ultra-structural features are 
expected to be important in photon capture 
efficiency. In vertebrate retina, the entire 
light capture area is simultaneously occu¬ 
pied by both the rods and the cones so 
that under both photopic and scotopic 
conditions, the illumination must pass 
through one type of photoreceptor be¬ 
fore reaching the other*. 

We report here some unique struc¬ 
tural features of the rod and cone outer 
segments in the retina of a frog, Rana 
limnocharis, observed with the help of 
scanning and transmission electron mi¬ 
croscopy. The observed structural spe¬ 
cialization is expected to cause certain 
important modifications in wave guide 
effects and photon capture efficiency in 
retina of the frog species under study. 

The excised retina was immediately 
fixed in 2.5% glutaraldehyde, prepared 


in 0.1 M Na-cacodylate buffer for 4 h at 
4°C. The tissue was washed in Na- 
cacodylate buffer for 20-30 min post- 
fixed in 1% buffered osmium tetroxide 
and dehydrated through increasing con¬ 
centration of acetone. For transmission 
electron microscopy, the tissues were 
infiltrated with resin, blocks were pre¬ 
pared and sections (60-90 nm) were cut 
with an ultramicrotome, Ultratome V 
(LKB). Observations were made on a 
transmission electron microscope, JEE- 
100 CX (Jeol), at an accelerating volt¬ 
age of 80 kV. For scanning electron 
microscopy, the dehydrated sample was 
critical point-dried in a Samdri-PVT 
(Tousimis) critical point dryer using 
acetone as intermediate fluid and CO 2 as 
transitional fluid. The dried sample 
fractured with a sharp razor blade and 
was secured horizontally to a brass stub 
with double adhesive tape. A thin con¬ 
ductive coating of gold was applied to 
the-sample using a fine coat ion sputter 
JFC-ilOO (Jeol), and observed with a 
JSM-35 CF (Jeol) scanning electron 
microscope operated at 15 kV. 

The interesting observation made in 
the present study is the occurrence of 
two types of rods, which markedly dif¬ 
fered in their diameter (Figures 1 and 
2). While some of the rod outer seg¬ 
ments were about 6 pm in diameter and 
similar to those reported earlier, the 
second type of rods were characterized 
by an unusually large diameter (20- 
25 pm). So far the largest-known diame¬ 
ter of rod outer segments is 12 pm, as 
reported in mud puppy, Necturis^. 

The two types of rods occur in bun¬ 
dles and their spatial arrangement is 
similar to that of other amphibian spe¬ 
cies. In this context, it is worth mention¬ 
ing that two different types of rods - 
green and pink have also been reported 
in some frog retina. Although the di¬ 
ameter of the two was almost the same, 
the green rod outer segment was re¬ 
ported to be approximately half the 
length of the pink rod outer segment*. 

Thus the report on the occurrence of 
two morphologically different types of 
rods in amphibian retina, already exists 


in the literature*. However, here we 
report for the first time the occurrence 
of some rods with unusually large di¬ 
ameter and unique ultra-structural fea¬ 
tures along with common types of rods 
in the retina of Rana limnocharis. The 
surface features of both' the types of 
rods, however, showed the presemce of a 
series of longitudinal grooves, forming 
an array of rodlets of about 1 pm diame¬ 
ter (Figure 2), similar to those in other 
amphibian species*. The transmission 
electron microscopy of longitudinal 
section of the larger types of rods re¬ 
veals that the structural features of the 
matrix are similar to that of the usual 
rod outer segments of vertebrate retina 
(Figure 3). The other significant feature 
of the larger rod outer segment is that it 
consists of three disc-like structures of 
diameter (41.6, 38.3 and 33.3 pm re¬ 
spectively) larger than the remaining 
portion of the outer segment at the re¬ 
gion of attachment with the external 
limiting membrane (Figure 1). The 
larger diameter of some of the rod outer 
segments and the differences in the di¬ 
ameter between the disc-like portions 
and the rest of the outer segment ap¬ 
pears to be significant in relation to the 
wave guide effects exhibited by photo¬ 
receptors*. The refractive index of pho¬ 
toreceptor organelles and associated 
feeding structures such as inner seg¬ 
ments are reported to be higher than the 
refractive index of surrounding materi- 
als^^^’^^ As a result of this difference in 
refractive index, the photoreceptor and 
associated structures will tend to hold 
light inside them and guide it by total 
internal reflection*. 

It is known that the wave guide pa¬ 
rameter V is directly related to the di¬ 
ameter of the photoreceptor^^, which in 
turn determines the amount of light 
propagated inside the guide. It was re¬ 
ported that light is guided in modal 
patterns in retinal photoreceptors*, and 
most of the light is propagated inside, 
when V is large (~4). At a smaller value 
of V (<2.4), only the first mode is 
propagated inside the guide and the 
fraction of modal energy becomes 
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Figure 1. Scanning electron micrograph of 
wider type of rod outer segment. Di, D 2 , D 3 , 
the three disc-like structures; ELM, External 
limiting membrane (X 1000). 



Figure 2. Scanning electron micrograph of 
the surface of the smaller rod outer segment, 
r, rodlets (X 7200). 

wave-length dependent®. From Figure 1 
it is clear that the diameter of the rod is 
the maximum at the assembly of disc¬ 
like structures, which is gradually de¬ 
creased before getting further reduced in 
the main body of the rod outer segment. 
This indicates that the value of V in the 
.larger rod outer segment gradually de¬ 
creases from the assembly of the disc¬ 
like structures to the main body. This 
structural arrangement of the rod outer 
segment suggests its role as an optical 
filter. The observations made in the 
present study suggest the existence of 
two types of rods in the retina of Rana 
limnocharis, which differ significantly 
in their light capture area. In other frog 



Figure 3. Transmission electron micrograph 
of a portion of the longitudinal section of 
wider rod outer segment (X 17000). 



Figure 4. Scanning electron micrograph of 
the cone outer segment, p, Protuberances 
(X 6000). 

species also, two types of rods - green 
rods and pink rods were reported to 
differ in their light capture area®, al¬ 
though a rod outer segment with such a 
large diameter as observed in the pres¬ 
ent study was not reported. The main 
function of wave-guides in retinal tissue 
appears to be to direct illumination to 
the visual pigment. Further, the cross- 
sectional area associated with each vis¬ 
ual pigment molecule is related to the 
diameter of the retinal rod^^. 

As far as the cone outer segment is 
concerned, the surface is found to be 
covered with some protuberances, about 
200 nm thick (Figure 4). Structures, 
somewhat similar to these, known as 


corneal nipples, were reported in lens- 
cuticle of arthropods which play some 
role in increasing the intensity of light 
transmitted in the ocular media^^”^^, by 
acting as an anti-reflection device. The 
protuberances can be regarded as a thin 
film, whose refractive index (n) is a 
gradual transition between the refractive 
index of the ocular medium at the tip 
and that of the cone surface. It is known 
that if ^2 is a gradual transition between 
fix and ^ 3 , with a thickness a 

broad band anti-reflection is achieved. 
In order to understand the functional 
significance of the unique structural 
features of the rods and cones, behav¬ 
ioral experiments on visual acuity under 
subdued light in terms of capturing the 
prey were carried out, and were com¬ 
pared with that of other frog (Rana cya- 
nophlictes), where the structural 
features similar to those of Rana limno- 
charis, do not exist. 

It was observed that even under ex¬ 
tremely poor illumination, the frog, 
Rana limnocharis (fasting) could feed 
on 90-95% of different types of prey 
(live flying insects, earthworms kept 
inside a flat container in a confined 
area, non-flying insects, etc.) while the 
other frog species (fasting) could not 
feed at all (5-10%). 

Since frogs are known to be visual 
feeders, the high rate of feeding in poor 
illumination condition in Rana limno¬ 
charis suggests that visual acuity in the 
frog is extremely high, which is likely to 
be due to the increased photon capture 
efficiency caused by the unique struc¬ 
tural features of rods and cones. 

Although the behavioural experiment 
cannot prove with certainty that the 
visual acuity observed in the frog Rana 
limnocharis under subdued light is due 
to the broader rods, their involvement in 
the said function appears to be logical 
when theoretical explanation for the 
same is followed. Since report on no 
other structural and chemical, differ¬ 
ences in photoreceptor and associated 
structures of R. limnocharis as com¬ 
pared to the other frog species, exists in 
the literature, it appears that the struc¬ 
tural peculiarities observed in the pres¬ 
ent study are the only available 
explanation for the high degree of visual 
acuity in R. limnocharis. 
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Male sterility in Plantago ovata Forsk. 


Male sterility has been reported in sev¬ 
eral plants like maize, sorghum, rice, 
wheat, beans, brassicas^ Plantago 
ovatcP"^. However, no detailed investi¬ 
gations have so far been done on this 
aspect in P. ovata. The species is eco¬ 
nomically important as its seed husk 
called isabgol in Hindi and blond psyl¬ 
lium in English, is a highly effective 
laxative. Besides this, it has many 
other commercial applications and 
is exported to several foreign 
countries, fetching our country foreign 
exchange worth several crore rupees 
annually. 

During the present study, detailed in¬ 
vestigations on male sterility in the 
species were conducted. The seeds of P. 
ovata were sown in experimental plots 
and the morphological observations 


were recorded on 674 plants. Pollen 
viability, pollen ovule ratio, stigma re¬ 
ceptivity, seed set, male and female 
biomass were studied by following the 
methods of several researchers'^’^. Stud¬ 
ies on breeding system of this species 
enabled us to classify them into three 
broad categories: 

i) Male fertiles (hermaphrodites) 97%: 
high pollen fertility and low seed set. 

ii) Male steriles (females) 0.7%: very 
high seed set. 

iii) Partially male steriles (intermediate 
types) 2.2%: low pollen fertility and 
moderate seed set. 

Although three types of plants re¬ 
semble each other morphologically, they 
vary with respect to their reproductive 


Table 1. Reproductive features of three types of plants in Plantago ovata 


Character 

Fertile 

Partially 
male sterile 

Male sterile 

Anther size (mm) 

i) Length 

2.06 ±0.15 

1.34 ± 0.46 

1.43 •+• 0.16 

ii) Breadth 

1.20 + 0.22 

0.78 ± 0.96 

0.36 + 0.08 

Stigma length (mm) 

4.75 ± 0.51 

6.44 ± 1.09 

7.98 + 0.72 

Ovary length (mm) 

1.06 ± O.IS 

1.09 ± 0.12 

1.11 + 0,24 

Ovule length (mm) 

0.85 ± 0.10 

0.84 ± 0,08 

0.92 ± 0.06 

Seed size (mm) 

i) Length 

2.06 ± 0.15 

2.57 ± 0.37 

2.85 + 0,25 

ii) Breadth 

1.20 ± 0.22 

1.37 ± 0.20 

1.46 + 0.13 

Seed set/spike 

78.98 ± 20.8 

86.62 ± 8.43 

91.82 ± 6.88 

Seed weight/100 seeds (mg) 

162.00 ± 22.2 

179.7 ± 26.8 

181.20 ± 29.4 
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features (Table 1). The size of pistil, 
stigma, ovary and ovule show an in¬ 
creasing trend in the male sterile plants 
while the partially male sterile plants 
show intermediate values. 

Such populations where the male fertiles 
transmit genes both through ovules and 
pollen, whereas male steriles contribute to 
the next generation only through ovules 
are called gynodioecious populations. For 
male steriles to be maintained in a popula¬ 
tion, their lack of male function has to be 
compensated for by a higher female 
fitness, i.e. higher seed production 
and/or production of offsprings of 
higher quality. Male steriles have been 
observed to produce more seeds than 
male fertiles^. The same holds true in P. 
ovata as well. Two main hypotheses 
have been formulated to explain higher 
female fitness in gynodioecious popula¬ 
tions^"^®. The first hypothesis applies to 
self-compatible species that show inbreed¬ 
ing depression and states that females 
are at an advantage because their flow¬ 
ers are all out-crossed, while the seeds 
formed by hermaphrodites are at least 
partly likely to be the product of self- 
fertilization. The second hypothesis is 
essentially ^a resource allocation argument 
which states that since the male steriles 
lack a male function, they are able to allo¬ 
cate more resources to seed production 
than the male fertiles. P. ovata being self¬ 
compatible, both these mechanisms may 
be occurring simultaneously in this 
species. 
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Intermediate plants (with a partially 
reduced male function) have been ob¬ 
served in many gynodioecious species. 
The fitness of the intermediates can be 
useful for the maintenance of male ste¬ 
rility under some genetic models^ 

The frequency, seed and pollen output 
of intermediate plants have seldom been 
studied^^’*^. Utility of PMS plants in P, 
ovata in maintenance of gynodioecy is 
being investigated at present. 
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Research opportunities to young Indian scientists 
through grants from International Foundation for 
Science 

D. y. Singh 

The International Foundation for Science offers research grants to young scientists in developing 
countries. These grants are very prestigious and are considered as an international recognition of 
young scientists in developing countries for their exceptional merit. A much larger number of 
young Indian scientists can win these grants and they can also be strong contenders for IFS Sven 
Brouhult Award. 


The International Foundation for Science (IFS), estab¬ 
lished in 1972, has its Headquarters in Stockholm and 
currently has 96 members in 78 countries. The Indian 
National Science Academy (INSA) is one of the seven 
Founder Members of IFS. The mandate of the Founda¬ 
tion is to strengthen the capacity in developing countries 
to conduct relevant and high quality research on the un¬ 
derstanding, use, management and conservation of biologi¬ 
cal resources and the environment in which these resources 
occur and on which they depend. This is done by IFS by: 

(i) Identifying, through competitive grants and careful 
screening, promising young scientists with the potential 
to become future lead scientists and science leaders. 

(ii) Supporting these scientists in their earlier careers to 
enable them to get established and recognized na¬ 
tionally and internationally. 

(iii) Continuing and expanding, where feasible and rele¬ 
vant, the support of these scientists to improve their 
immediate research environment. 

IFS provides research grants to young meritorious sci¬ 
entists (below 40 years) in developing countries. IFS 
support is given in six areas: aquatic resources, animal 
production, crop science, forestry/agroforestry, food 
science and natural products. The applicant must be a 
developing country citizen employed in a developing 
country institute. 

IFS grants 

.The IFS support enables the grantees to purchase 
equipment, consumables, scientific literature, etc. The 
grant is up to a maximum of US$ 12,000 and is renew¬ 
able up to two times with the same maximum limitation. 


D.V. Singh is in the All India Council for Technical Education, In¬ 
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The duration of each grant can be up to 3 years. Sup¬ 
plementary travel grants are also awarded so that grant¬ 
ees may attend scientific meetings. The IFS Purchasing 
Department can arrange purchasing and delivery of 
equipment on behalf of grantees. IFS organizes regional 
workshops and training courses for its grantees which are 
also attended by senior scientists. IFS grants may be small, 
but the IFS programmes are not, considering the involve¬ 
ment of IFS in its grantees. Besides the programmes in the 
above six areas, the Small Grants Programmes in Envi¬ 
ronmental Science was initiated on a trial basis in 1994 
with restricted core funding and is continuing. 

IFS General Assembly 

The Eighth General Assembly during the Silver Jubilee 
Year of IFS was organized at Rio de Janeiro in Sepem- 
ber 1997 in collaboration with the Third World Acad¬ 
emy of Sciences (TWAS) and the Third World Network 
of Scientific Organizations (TWNSO). TWAS and 
TWNSO also simultaneously organized their eighth and 
fifth Assemblies respectively. These assemblies were 
hosted by the Brazilian Academy of Sciences (Academia 
Brasileira de Ciencias, ABC). In the IFS General Assembly, 
the Director, IFS presented a comprehensive report on IFS 
activities and IFS future vision. The Scientific Secretaries 
and a few invited Scientific Advisers of IFS made pres¬ 
entations on the scientific activities through IFS grants 
in the six IFS disciplines and described by repi;esenta- 
tive examples, the impact of research supported by the 
Foundation. A brief presentation titled TFS in India’ 
was also made in the General Assembly. 

IFS in India 

The IFS-supported projects in India are too few in com¬ 
parison to those in many other countries. The IFS Sci- 
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Table 1. IFS grants to top 20 recipient countries 



No. of 
grantees 

SEK 

(millions) 

% of 
total 

China 

181 

21.8 

5.1 

Nigeria 

146 

20.6 

5.4 

Morocco 

132 

19.7 

5.2 

Philippines 

119 

19.2 

5.0 

Argentina 

135 

18.1 

4.7 

Mexico 

120 

15.7 

4.1 

Thailand 

84 

15.1 

4.0 

Chile 

82 

13.6 

3.6 

Brazil 

106 

12.3 

3.2 

'Sri Lanka 

72 

11.5 

3.0 

India 

81 

11.3 

3.0 

Indonesia 

71 

11.3 

3.0 

Malaysia 

65 

10.7 

2.8 

Cameroon 

61 

10.5 

2.8 

Peru 

57 

9.4 

2.5 

Vietnam 

68 

8.1 

2.1 

Bangladesh 

43 

7.8 

2.0 

Uruguay 

45 

7.8 

2,0 

Kenya 

57 

7.5 

2.0 

Senegal 

37 

6.6 

1.7 


entific Advisers in India have in their communication to 
INSA, which provided substantive information for Rio 
presentation, expressed their concern on this matter. 
Their concern arises from the fact that India does have a 
large number of scientists in the six IFS disciplines and 
yet IFS grantees in India are so few. Many of the young 
Indian scientists not only need, but amply deserve re¬ 
search support which, if available during their formative 
career, can lead to bigger science. Although IFS grant is 
small, it is significant in other ways. IFS facilitates sev¬ 
eral possibilities through its emphasis on providing help 
during and continued support even after the research 
project is concluded. Since the IFS grants are awarded 
after a very high level scientific scrutiny at the global 
level, these grants are recognitions of the high merit of 
scientists more than just the awards. 

Some of the IFS advisers in India have described the 
possible reasons why IFS grants given to young Indian 
scientists are so few. One of the main reasons is that IFS 
is not well-known in India and a very few scientists, 
young or old, know or know enough about IFS. There¬ 
fore, very few applications are submitted to IFS by In¬ 
dian scientists. Another reason is that there are 
hesitations on the part of the scientists to prepare an 
application addressed to a Foundation located abroad 
and on the part of the concerned authorities to forward 
an application to Sweden. The Indian National Science 
Academy is a founder and a live member of IFS and there¬ 
fore, IFS is not just another NGO abroad. The applications 
can be forwarded by Universities, Research Laboratories, 
etc. to IFS, Grev Turegatan, 19, SE-11438, Stockholm, 
Sweden (Fax: 468 54581801, email:<info@ifs.se> or 
through the Indian National Science Academy, Bahadur 
Shah Zafar Marg, New Delhi 110 002. 


Research proposals to IFS 

In order that the applications for IFS grants become suc¬ 
cessful, they must be prepared with great finesse and 
should be in an important area of the six IFS disciplines. 
Several IFS Scientific Advisers in India have offered to 
provide guidance in preparation of application. Their 
addresses are available from the Indian National Science 
Academy, IFS applies three criteria for evaluating the 
applications for the research grant: (i) The crederltials of 
the applicant and feasibility of the project; (ii) The sci¬ 
entific quality of the project and (iii) The relevance of 
the expected results to scientific knowledge and national 
priorities. The applications are prescreened, peer- 
reviewed by the Scientific Advisers, examined and dis¬ 
cussed in the Scientific Advisory Committee Meetings 
and then finally considered by the Scientific Grants 
Committee. Usually one out of four applications is se¬ 
lected for grants. 

IFS support statistics 

During the time span of twenty five years (1972-1997) 
IFS has supported 2612 scientists in the developing 
countries. The number of Indian scientists having re¬ 
ceived IFS grants is a miniscule 81 (3.1%) whereas the 
number of grantees in Asia and Pacific is 900 (34.5%). 
Table 1 gives the statistics of grantees in various coun¬ 
tries and the total grants received by them. The sum to¬ 
tal of the grants given by IFS in twenty five years is 
SEK 381 million. The number of female IFS grantees in 
India is 25% less than the world average. 

Scientific advisers in India 

Presently there are worldwide 1021 Scientific Advisers 
of IFS, of which only 313 (30.7%) are from developing 
countries comprising 136 ex-grantees. India presently 
has only 24 Advisers on the IFS list. IFS visibility in 
India is poor, which is one of the main reasons why very 
few young Indian scientists are able to apply for IFS 
research grants and consequently why such few grants 
are awarded to them. 

Impact of IFS-supported research 

Many of IFS grantees have greatly benefited from the 
IFS awards and the various IFS programmes. There is 
no reason why IFS on the Indian canvas cannot have a 
wider sweep and why the young Indian scientists cannot 
be strong contenders for the prestigious IFS Sven Brou- 
hult award and in fact be future winners. 

Received 20 November 1997; accepted 11 February 1998 
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Usability of parallel processing computers in 
numerical weather prediction 

B. K. Basu 

Computers based on vector processors have been dominating the super computing scene till the 
last decade. However, with the advent of restricted instruction set computers based processor, it 
is now possible to design parallel processing computers with large (> 64 ) or massive (> 1024 ) 
number of inexpensive processors to achieve a peak speed comparable to or exceeding that of a 
vector computer. The usability of such a parallel processing system depends critically on the na¬ 
ture of the scientific application, especially on the amount of parallelism available. 


Numerical weather prediction is a compute intensive 
problem and scientists working in the field have always 
been keen to take advantage of the latest developments 
in the computer technology. The advent of the very large 
scale integration (VLSI) technology has now made it 
possible to transfer most of the complex operations to 
the hardware instead of software, allowing the develop¬ 
ment of restricted instruction set computers (RISC). 
This along with other developments in the field has 
made it possible to manufacture micro-processors of 
individual peak computing speed exceeding 100 Mflops 
at a cost much less than that of a shared memory vector 
processor. Because of the low expenses involved, it be¬ 
came possible to add numerous processors to a machine 
and try to extract more computing power than machines 
based on a few vector processors. This is possible by 
using parallel processing method in which different 
parts of the application code are computed at the same 
time by different processors working in parallel. How¬ 
ever, the low cost technology has certain disadvantages 
associated with it and the RISC-based computers do not 
have a quick access to its memory due to limited mem¬ 
ory access bandwidth. The cache memory, used to en¬ 
hance the speed of memory access, is not very effective 
due to its small amount. Inter processor communication, 
required to exchange data between distributed memory 
resident on different processors, also adds to the wall- 
clock time required to solve an application program. 
The success of the low cost parallel processing comput¬ 
ers depends on the proper exploitation of the parallelism 
in the application code by developing a suitable strategy 
for the numerical computations. 

The leading operational centres along with the re¬ 
search centres working on numerical weather prediction 
are already experimenting with various parallel process¬ 
ing system (PPS) computers to develop suitable strate- 


B. K. Basu is in the National Centre for Medium Range Weather 
Forecasting, Mausam Bhavan Complex, Lodi Road, New Delhi 
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gies^~'^ for their application codes. Since the prediction 
model takes most of the wall-clock time in an operational 
centre at present, this code has been most frequently used 
for porting and experimentation on PPS machines. Again as 
the global spectral model is the most common formulation 
used in the operational centres, most of the experience 
gained on implementation of weather models in PPS 
computers is in respect of this type of models. 

In India several centres, working on various aspects of 
computation, have designed and successfully fabricated 
PPS machines. Some of these machines have produced 
sustained speed exceeding 100 Mflops for specific ap¬ 
plication codes. In November 1992, several o-f these 
centres were invited to test the suitability of the 
NCMRWF weather prediction codes for parallelization. 
Four of these centres accepted the invitation and have 
experimented with the porting of and parallelization 
strategies'"^ for the global prediction model of 
NCMRWF between end of 1993 to early 1996. All num¬ 
bers mentioned in this work refer to the status as on 31 
March 1996. It is understood that some of the centres 
have since then upgraded their machines with more 
powerful processors and higher bandwidth communica¬ 
tion and have recently obtained timings which are com¬ 
parable and even superior to the operational timing of 
NCMRWF (15 minutes for 1-day forecast by the model) 
as on 31 March 1996. These results are not mentioned 
here as the model output could not be verified at 
NCMRWF. 

Global spectral model - Inherent parallelism 

The global spectral model is based on the assumption 
that a finite number of orthogonal functions can repre¬ 
sent any arbitrary continuous field to a reasonable accu¬ 
racy and can be used to derive analytically the 
derivatives of the approximate field exactly. Since most 
of the inaccuracies in numerically solving the nonlinear 
set of differential equations, which govern the atmos- 
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pheric circulation, arise from the computation of de¬ 
rivatives, the spectral method is expected to provide 
superior predictions from the same initial field. The 
nonlinear terms are, however, not easy to compute in the 
spectral (functional) space and a transform method is 
used to convert the spectral quantities to the grid point 
values in the physical space. After computation, the 
nonlinear terms are transformed back to the spectral 
space. 

Since the geometry of the earth is spherical, the natu¬ 
ral choice for the orthogonal set of functions for expan¬ 
sion of the global fields is the spherical harmonics. 
These functions depend on two parameters, n and m, and 
are analytic functions of latitude ((p) and longitude (A). 

7„^(<^,l) = P-((/»)exp(imA). (1) 

The associated Legendre polynomials are orthogonal to 
each other for the same value of zonal wave number m 
and different total wave number n. 

It 

jp»(9i)P/(,^)sin^d0 = d„„.. (2) 

0 

Any global field can be expressed in terms of the 
spherical harmonics as 

F(<P, X, 0 = n, t)Pj^((p)Qxp(imX). (3) 

m n 


The coefficients of expansion, called the spectral coef¬ 
ficients, can be evaluated from the known values of the 
function in the physical space through Fourier and Leg¬ 
endre transforms: 



Figure 1. Distribution of model forecast computations in different 
spaces. 


Legendre 



Physics 


DFFT 


Others 

Radiation 

Diagnostics 


jt 

/(m, n,t) = j 0P„'”(^)sin^d^, (4) 

0 

where, the Fourier coefficients are defined as 


F (^, t) = — f F{(j>, A, r)exp(-i«iA)dA 
In J 
0 


(5) 


n 

The present day operational models are multilayered and 
one set of spectral coefficients are required for each 
dependent variable at each layer. 

In a spectral model, computations are done in three 
distinct spaces, namely, the spectral space, the physical 
space and the half spectral space of Fourier coefficients. 
In the NCMRWF model, Fourier coefficients for only 
one latitude are computed at a time to save memory and 
after completion of all computations in the Fourier 
space, resultant coefficients are converted into grid 


Figure 2. Distribution of computation load between various compo¬ 
nents of the NCMRWF operation (T80L18) model on CRAY- 
XMP/216 machine with one call to radiation in 12 h. Legendre trans¬ 
form = 45.0%; Physics = 21.0%; Dynamics = 15.0%; DFFT = 9.0%; 
Diagnostics = 5.0%; Radiation = 3.0%; Others = 2.0%. 


point values through the inverse of the discrete fast 
Fourier transform (DFFT). After completion of all com¬ 
putations in the physical space, the prognostic variables 
are transformed back to the Fourier space by direct 
DFFT and then to the spectral space by direct Legendre 
transform (Figure 1). Thus the present spectral model is 
designed to hold in memory the complete set of spectral 
coefficients but only one latitude of Fourier coefficients 
or grid point values. This technique of saving memory 
has implication in evolving a suitable strategy for paral¬ 
lelization of the model code. 

All weather models have inherent parallelism embed¬ 
ded in their structure as atmosphere itself evolves in 
parallel. In a spectral model, the easiest and most obvi- 
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ous strategy of parallelization is to split the global do¬ 
main into sets of latitudes and carry out computation for 
one set of latitudes in one processor of the parallel ma¬ 
chine. In this strategy of 1-D domain decomposition, the 
application code requires least modification but there is 
no saving in memory as each of the processors must 
have the same memory as the sequential machine itself. 

In spectral models, a major amount of computation 
time (Figure 2) is spent in the computation of the 
Fourier and Legendre transforms. For each time step of 
integration, the set of direct and inverse transforms are 
to be carried out at least once and in some cases (like 
the NCEP model) twice - once each for dynamics and 
physics part of the code. Hence, it is desirable that the 
complete data to carry out the transforms are available in 
the same part of the memory and no communication is re¬ 
quired. In a shared memory multitasking system, data for 
both the transforms are available at a central location and 
no communication overhead is accrued. In a distributed 
memory parallel processing computer, data resident in one 
processor arc not readily available to others and computa¬ 
tion with data from several processors becomes costly 
timewise. In the latitudewise parallelization strategy, the 
data relevant to one latitude are always resident in the 
memory and the Fourier transform does not require any 
inter-processor communication. The Legendre trans¬ 
forms, however, will require data which are resident in 
the memory of different processors. In the longitudewise 
parallelization, data for one longitude are available in 
one processor while data belonging to same latitude 
have to be collected from various processors. In this 
strategy the memory requirement is about half of that in 
the latitudewise parallelization (as the number of lati¬ 
tudes in a spectral model is. about half the number of 
longitudes) but the code requires some rewriting as the 
latitude loops have to be replaced by longitude loops. In 
the longitudewise parallelization, the Legendre trans¬ 
forms become inexpensive as the data for the same are 
resident in the memory of a single processor, while the 
Fourier transforms are costly as data have to be col¬ 
lected from different processors. From this point of 
view, the best strategy is to distribute data for one layer 
to one of the processors such that complete input for 
both Legendre and Fourier transforms are available at 
the same memory location and communication overhead 
is minimized. However, since the number of vertical 
layers in a global model is rather small (usually less than 
40), load balancing may become a serious problem. In 
addition, this strategy is not suitable for the computa¬ 
tions involving physical processes which require data 
along a vertical column. A compromise between the re¬ 
quirement of minimal inter-processor communication 
and load balancing on massively parallel processing 
systems is the transposition strategy in which the data 
ordering is transposed in the memory so that data re¬ 
quired for both the Fourier and Legendre transforms are 



zonal wavenumber.> 


Figure 3. Distribution of computations in the spectral space as per 
zonal wavenumber for a spectral model with triangular truncation. 

available to the same processor at the time when the 
transforms are to be computed. 

All of the above strategies are, however, coarse¬ 
grained ones and also do not consider parallelization of 
computations in the spectral space. The simplest way to 
parallelize in the spectral space is to distribute compu¬ 
tations for different values of zonal wave number (or 
total wave number) to different processors. The triangu¬ 
lar truncation method used in most of the operational 
spectral prediction models (Figure 3) is not really suit¬ 
able for parallelization as load balancing between sev¬ 
eral processors becomes difficult due to variable data 
length for different wave numbers. However, since each 
function in the spectral expansion series is orthogonal to 
the other, it may be possible to distribute data succes¬ 
sively to available processors and carry out the compu¬ 
tations in the single instruction multiple data (SIMD) 
mode. 

Speed up limitations in parallel processing 
computer 

It is well-known from Amdahl’s law that the wall-clock 
time taken to complete a user application does not re¬ 
duce in proportion to the number of processors used to 
do the computations but reaches a theoretical limit de¬ 
pending on the fraction of the application code that can 
be parallelized. For a n-processor machine the speed up 
factor over a single processor can be defined as the ratio 
of the time taken by the single processor to that by n- 
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processors for solving the same application problem. 
Following Amdahl, this can be expressed as 


S 


n 


1 


( 6 ) 


ratio will decrease by a large amount. If the inter- 
processor communication time is assumed to be inde¬ 
pendent of the number of processors used (as in the 
latitude-wise strategy) then the speed up of a n- 
processor machine can be expressed in the modified 
form as 


This sets a theoretical limit of speed up of any applica¬ 
tion code to 

8..=-^. (7) 

1-a 

Hence it is obvious that if a parallel machine is to be 
designed to achieve a sustained speed of X Mflops, then 
each processing element must have a sustained speed 
exceeding X(l-a) Mflops. Thus the minimum sus¬ 
tained speed of each processor required to produce a 
targeted sustained speed depends also on the paral- 
lelizability characteristics of the application code. For a 
targeted sustained speed of 100 Mflops, the minimum 
sustained speed per processor for different values of 
parallelizability (a) is listed in Table 1. 

It is evident from the table that for application codes 
with parallelizability less than 95%, it may be advisable 
to use few processors of relatively high sustained speed. 
A massively parallel computer with numerous (>256) 
low speed processors will be efficient only for applica¬ 
tion codes with a > 0.95. It may be necessary to rewrite 
old application codes partly or fully to take full advan¬ 
tage of the massively parallel machines. 

In the above estimates, the communication time re¬ 
quired to distribute the initial data set to different proc¬ 
essors and to collect back the computational result are 
not included. This, however, is a major issue in parallel 
processing computers which normally have low inter- 
processor communication speed. The communication 
overhead depends very much on the nature of the com¬ 
putational scheme used in solving the application prob¬ 
lem. When a scheme can be adopted such that the 
memory requirement for each processor becomes small 
and computations require only variables available in the 
cache memory resident in the processor, a sustained 
speed exceeding 50% of the peak speed of the proces¬ 
sors may be achieved. However, for applications with 
large memory requirement, the sustained to peak speed 

Table 1. Sustained speed for processors 


Number of processors 


a 

n = 4 

n = 8 

« = 16 

n = 32 

n oo 

0,85 

36.3 

25.6 

20.3 

17.7 

15.0 

0.90 

32.5 

21.3 

15.6 

12.8 

10.0 

0.95 

28.8 

16.9 

10.9 

8.0 

5.0 


Minimum sustained speed per processor for target machine speed of 
100 Mflops. 


^ 

l-a(n-l)/n + /5 

where is fraction of one processor wall-clock time 
taken to complete the job. Such constant communica¬ 
tions overhead essentially imply a reduction in the paral¬ 
lelizability (a) of the code by a factor (1 -f- /?), which in 
turn imply loss of scalability. 

Indian experience of using PPS for numerical 
weather prediction modelling 

The four centres in India, who participated in the im¬ 
plementation of the different components of NCMRWF 
operational weather prediction suite on their PPS ma¬ 
chines, are listed in Table 2 along with some of the im¬ 
portant experiences gained during the exercise. The aim 
of this project, which was financed by DST and DoT 
and technical expertise for which was provided by the 
NCMRWF, was to demonstrate amongst the scientific 
community that the PPS systems developed in India are 
capable of handling large application code with reason¬ 
able ease and also to benchmark the different PPS ma¬ 
chines by running the same application code (spectral 
forecast model at T80 resolution) with the same input 


Table 2. Indian experience of NWP on PPS 



C-DoT 

NAL/IISc 

C-DAC/IIT(D) 

BARC 

No. of processors 

128 

8 

1 + 13 

1 -E 8 

Type of 

Trans- 

Intel 

Intel 

Intel 

processors 

puter 

i860 

i860 

i860 

Brand name 

Chipps- 

Flosolver 

Param- 

Anupam 


192 

Mark-3 

8600 


Peak Mflops 

192 

640 

924 

720 

Sustained Mflops 

10.5 

36.0 

42.5 

25.0 

Length of 

One 

Five 

Five 

Five 

integration 

Man month 

day 

days 

days 

days 

invested 

27 

36 

84 

20 

Parallelization by 

Data- 

parallel 

SPMD 

SPMD 

SPMD 


implemen- 




tation 





Sustained speed computed by comparison with time (15 minutes) 
taken by the forecast code on CRAY-XMP/216 computer for which a 
sustained speed of 150 Mflops is indicated by the performance 
monitoring tool. 

SPMD, Single program multiple data. 

Status as on 31 March 1996. 
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data provided by a common agency. An extensive 
evaluation of the scientific accuracy of the output from 
the PPS machines, against that from the CRAY, was 
carried out by a group of experts to determine the extent 
to which parallelization can lead to difference in output. 
The other issues which had been explored during this 
exercise are the scalability of the PPS machines devel¬ 
oped by the participating centres and the developmen¬ 
tal/parallel tools available with each system. The latter 
is an important feature in selection of computing system 
as users would like to spend only minimum time for 
porting of available software from sequential to parallel 
machines. The experiences gained in this exercise, 
spanning over a period of about three years, can be 
listed as follows: 

Reproducibility, Even a simple application program, 
run in a sequential mode, may not reproduce results 
exactly when the computing system is changed. This 
may be due to the differences in the compilers or 
in mathematical library functions. In a parallel 
implementation, the non-associativity of mathematical 
operations on computers (due to truncated binary 
representation of floating point numbers)' add another 
source of error. However, at the cost of additional wall- 
clock time, the order of operations in the parallel im¬ 
plementation can be ensured to be exactly the same as 
that in the sequential mode. A small but definite differ¬ 
ence between the CRAY output and the PPS output is 
still noticed. Even a double precision run of the whole 
of the forecast model code failed to reduce this differ¬ 
ence to less than half of its original value for the se¬ 
lected double precision run. The differences are similar 
in magnitude and geographical location for all the PPS 
machines and even for the sequential forecast on VAX 
front end used at NCMRWF. Global maps of the differ¬ 
ences between the CRAY and VAX runs, noticed after 
five-day forecast integration, are presented in Figure 4. 
It can be seen that there are only minor differences be¬ 
tween the two forecasts over most of the globe and the 
significant differences are confirmed to a small area 
close to the edges of high topography where large gradi¬ 
ents in meteorological fields occur. The exact origin of 
these differences is yet to be determined, but the pos¬ 
sibility of the application code taking a different 
branching (depending on the different outcome of a 
logical *if’ statement in the two types of computers) in 
one of the physical parameterization routines is being 
explored. 

It may be mentioned here that the PPS computations 
referred above are IEEE complaint unlike the CRAY 
one. Recent experiences in porting of NCMRWF model 
code to the SUN-ULTRA-1 at SAC, Ahmedabad and the 
IBM machine at IISc, Bangalore indicate that the prob¬ 
lem may be more related to the initial condition than the 
machine differences. 


Speed, Most of the PPS machines used in this project 
were based on various versions of the Intel i860 proces¬ 
sors except the one developed by C-DoT which used the 
transputers. The peak speeds of the machines and their 
sustained speed, for the NCMRWF forecast model code, 
are listed in Table 2. It appears that the machines, based 
on the slow processors and narrow communication 
bandwidth, as available in India in 1994, could not de¬ 
liver the computing power required to meet the then 
operational schedule of NCMRWF. Since the computing 
requirements of NWP centres increase by a factor of 
about two in every three years, sustained effort will be 
required by PPS groups to keep pace with the growth of 
user demand. 

From the extensive international experience of porting 
of many global spectral weather forecast models to a 
number of PPS platforms, a consensus for the value of 
10% for the sustained to peak speed ratio seem to be 
emerging for this application. It has been suggested that 
this value may be increased to 15% by extensive rewrit¬ 
ing of the application code to take advantage of the 
additional parallelization present in it. This, however, 
will require substantial investment of manpower. The 
experience of parallelizing the global spectral forecast 
model operational at NCMRWF showed that the PPS 
computers designed and fabricated in India during 1994 
could attain a sustained to peak performance ratio close 
to 6%. Since this value is significantly less than the in¬ 
ternationally accepted figure, it is possible that the basic 
design of the processor boards used in the machines was 
not suitable for the spectral forecast model. 

The two processors of the CRAY-XMP/216 rhachine 
at NCMRWF have a 8.5 ns clock and two arithmetic 
units for each processor which can carry out addi¬ 
tion/subtraction and multiplication/reciprocation opera¬ 
tions independently. This implies a peak theoretical 
speed of 470Mflops. Thus, for the present forecast 
model, the ratio of the sustanied (150 Mflops) to peak 
speed of the CRAY works out to be more than 30% for 
the two-processor machine at NCMRWF. 

Scalability, The demand for enhanced computing power 
for NWP work is a continuous phenomenon and one or 
more upgradations of a computer system, during its 
normal life span of five to seven years, is common at 
operational centres. Since operations cannot be inter¬ 
rupted, the usual method of enhancement of computing 
power is by adding extra processors at site. The addi¬ 
tional power will be useful only if the application code 
has almost linear speedup with the increase in the num¬ 
ber of processors. To ensure scalability of an application 
code is not a trivial task even for multitasking, shared 
memory, vector processing computer. Distribution of 
data and optimization of inter-processor communication 
make it even more difficult^^ for a distributed memory 
PPS machine. Internationally, the spectral model has 
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Figure 4. a. Difference between VAX and CRAY run (850 hPa temperature), ft, Difference between VAX and CRAY run (200 hPa wind). 

been installed on various PPS computers and the code the availability of such a code was one of the factors 

has been found to scale with a number of processors behind ECMWF’s decision to move to a distributed 

reasonably well up to more than thousand processors. memory system. It should, however, be mentioned here 
The Indian machines, however, have not demonstrated that the inter-processor communication rate of Indian 
scalability clearly and some more effort in this direction machines was of the order of 20 Mb per second for this 

is required. The experience at the European Centre for project (up to 31 March 1996) while international ma- 

Medium Range Forecasting (ECMWF) has shown that chines already used communication speed of the order 
considerable manpower investment is required to rewrite of 1.2 Gb per second. Improvement in inter-processor 
the model code extensively to make it scalable. In fact communication speed may remove the hardware restric- 


CURRENT SCIENCE, VOL. 74, NO. 6, 25 MARCH 1998 


513 


































































































GENERAL ARTICLES 


tions on scalability and the only constraint will be the 
scalar component of the application code. 

User friendliness. Most of the present day atmospheric 
model codes were developed for sequential scalar com¬ 
puters. Migration of programs written for scalar com¬ 
puters to a multi-processor shared memory computer is a 
relatively easy task as the issues involved are simple and 
frequently utility programs are available which can per¬ 
form most of the code conversion. Similar utility pro¬ 
grams to help the user to optimize his code for 
distributed memory PPS machine need to be developed. 
Also, it is required to develop parallel libraries for vari¬ 
ous mathematical operations. For example, availability 
of suitable parallel Legendre Transform or FFT may 
become a crucial factor in deciding in favour of 1-D 
static domain decomposition along the latitude or the 
longitude. It is also necessary to prepare extensive 
documentation and training material to help the user to 
pick up the techniques of parallel programming with 
ease. 

The PPS computers developed in India have been able 
to demonstrate their ability to handle the computations 
of weather prediction models but the wall-clock time 
was behind the operational requirement at the end of the 
experiments. In 1996 most of the operational NWP cen¬ 
tres had sustained computing power of about 1 Gflops 
for their application codes and more than one Gb of 
memory. This requirement is likely to double every 
three years and any new developments in computing 
have to deal with this rate of expansion to be attractive 
to the NWP community. Another very important re¬ 
quirement of an operational NWP centre is the round the 
clock availability of its computer system. Normally a 
minimum uptime of 95%, guaranteed by a maintenance 
agency, is expected by the operational centres. 

International experience 

Internationally, porting of weather and climate predic¬ 
tion models to PPS machines is being carried out for 
more than ten years now and experiences gained in 
many such efforts were reported at the workshops organ¬ 
ized by the ECMWF. A description of some of the 
models that have been ported to various PPS machines 
is listed in Table 3. At the moment the status is that 
some of the model codes (e.g. those of ECMWF and 
NCAR) are already suitably modified to run on many 
PPS machines with scalability up to thousands of proc¬ 
essors. Tailor-made codes for atmospheric circulation 
models (e.g. SKYHI of GFDL) have been developed 
which are approximately 99.9% parallelizable. The 
manpower invested by ECMWF in parallelization of 
their operational Integrated Forecast Suite (IFS) has 
helped them to switch to a distributed memory Fujitsu 


Table 3. 

International experience of parallelizing 
forecast models 

atmospheric 

Name of 
the centre 

Type of 
the model 

Machine used 

Number of 
processors 

ECMWF, 

Europe 

Spectral 

T213L31 

T3D, Fujitsu VPP500. 
ffiM RS/6000, SPl, SP2. 
Intel i860/Paragon, 
Meiko-CS2, TMC CM-5 

1024. 16 

EMC, 

USA 

Spectral, 

T84L32, 

T170L32 

TMC CM-2, CM-5, 
CRAY-3D 

256, 512, 
1024 

DWD, 

Germany 

Grid point 



NMI, 

Norway 

Grid point 
HIRLAM 

12.5 km, L16 

Intel 

Paragon 


SMHI, 

Sweden 

Spectral 

HIRLAM 

MasPar 

16384 

NCAR, 

USA 

Spectral 

CCM2 

T42L18, 

T170L18 

CM-5 

SP2 

Intel 

Paragon 

32, 64, 128, 
256 & 512 
32, 64, 128 
32 to 1024 

UCLA, 

USA 

Grid point 

2° X 2.5°, L9 

IMB-SP2, 

Meico-CS2 

160 (SP2), 
256 (CS2) 

GFDL, 

USA 

Grid point 

1.2° X 1°, L40 

CM-5 

256, 512 


T, Triangular truncation; L, Layer; HIRLAM, High Resolution Lim¬ 
ited Area Model; CCM2, Community Climate Model (cycle 2); 
TMC, Thinking Machines Corporation. 


VPP500 vector parallel processor machine. Inspite of 
such successes and continued investment in the devel¬ 
opment of parallel processing, the opinion of the nu¬ 
merical weather forecasting centres as expressed 
through the WMO remains that of cautious optimism. In 
the recent statement on computing requirements for 3-D 
atmospheric models^\ it has been stated that ‘...model 
algorithms and codes contain deeply-rooted assumptions 
and structures that were not favourable to distributed 
memory approach. ...performance depends on sustain¬ 
able (as opposed to peak) processor performance, on the 
effective bandwidth for communication between proces¬ 
sors and on the speed of the input/output...’ 

None of the operational weather prediction centres has 
so far opted for loosely coupled massively parallel com¬ 
puters based on inexpensive scalar processors. Out of 
the leading NWP centres only DWD, Germany has re¬ 
ported computational speed obtained, for their regional 
model, on a moderately parallel computer to be compa¬ 
rable to their vector processing supercomputer. The 
ECMWF has recently (from 1 October 1996) switched 
to a 45-processor VPP500 parallel machine only after 
extensive parallelization efforts spanning past 12 years. 


514 


CURRENT SCIENCE, VOL. 74, NO. 6, 25 MARCH 1998 




GENERAL ARTICLES 


The complete numerical weather prediction 
system 

The forecast model is only one component of the com¬ 
plete NWP system. Other major components are shown 
in Figure 5. For a PPS machine to be accepted as the 
main computing system of an operational NWP centre, it 
is required that each of the components can be com¬ 
pleted within a reasonable time interval such that the 
final product can be disseminated within the predeter¬ 
mined time schedule. 

The NWP procedure begins with decoding of in situ 
or remote-sensed observations collected globally 
through the WMO communication network. Since the 
data collected from different platforms like surface ob¬ 
servatories, balloon-borne instruments, satellites, etc. 
are coded differently, each type of observation can be 
directed to one set of processors. Though this may lead 
to severe load imbalance, specially since the daily vol¬ 
ume of data in each type are highly variable, the opera¬ 
tional schedule may not be much affected as data 
reception and decoding is normally a continuous process 
up to an operational cutoff time. 

Flow chart of a data assimilation and forecast system 



Figure 5. Components of a typical operational NWP system. 


The quality control procedure for decoded observa¬ 
tions cannot be done fully in parallel as atleast the hori¬ 
zontal consistency check will require neighbouring 
observations at the same vertical level and quality of 
one observation may influence that of succeeding ones 
through the shape of the local analysis against which the 
quality of observation is checked. Still parts of the pro¬ 
cedure, like the hydrostatic check which require data 
from the same upper air observation, can be completed 
in continuation with decoding and before the data cutoff 
time. With judicious planning it should be possible to 
complete the quality control of data within the constraint 
of operational schedule. 

The analysis of observations is the process of interpo¬ 
lating information to the specific 3-D grid of the fore¬ 
cast model. Most of the analyses procedures, operational 
at present, involve inversion of a large dimensional ma¬ 
trix which represent the cost function to be minimized. 
Since the matrix is sparse in nature, it may be possible 
to parallelize the computations involved to determine its 
inverse. For the NCMRWF operational analysis code 
(spectral statistical interpolation), the possibility of 
parallelization was examined by the group at BARC who 
ported the code to their parallel computer and ran it on a 
9-processor machine by using static 1-D domain decom¬ 
position in the vertical. Though it could be ascertained 
that the standard methods of parallelization of sparse 
matrix inversion can be applied in this case, actual im¬ 
plementation was not attempted as large investment of 
manpower was estimated. This confirms the requirement 
of extensive preparations before the operational NWP 
work can be transferred to PPS machines. 

The post-processing of model forecast is a relatively 
inexpensive component of the operational system and 
visualization can be distributed to multiple graphic 
workstations to meet the demands of operational time 
schedule. Thus, in principle, there is no insurmountable 
difficulty in porting the complete operational NWP 
work to a parallel processing computer. However, in 
practice, this is a formidable task which has not been 
attempted so far by any of their operational centres - 
even those who have spent considerable resources on 
parallelization of their codes. Much more experimenta¬ 
tion and development of user-friendly tools are required 
before such a goal can be realized. 

Concluding remarks 

Parallel computing in numerical weather prediction 
problems has attracted considerable interest for more 
than a decade now. Several forecast models have been 
ported to various distributed memory parallel machines 
and suitable strategies for optimizing the computation of 
Legendre Transform (most expensive in a spectral for¬ 
mulation of the forecast model) and FFT has been de- 
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veloped. Even parallel versions (e.g. the community 
climate model PCCM2) have been developed for im¬ 
plementation on distributed memory computers to get 
scalability. However, till the end of 1996, no operational 
centre had adopted a massively parallel machine with 
distributed memory as their main computing system. The 
trend appears to be multiprocessor computers with few 
(not more than 64) individually powerful (order of 
Gflops) processors. Even for such a computer, all proc¬ 
essors may not be utilized for a single job but may be 
used to run a set of similar jobs like the ensemble of 
forecasts. Recently the UK Met Office has acquired a 
CRAY-T3E system with 880 processing elements (PE) 
for their operational work. This machine has a shared 
memory simulator which makes the distribution of 
memory transparent to the user. At present the weather 
forecast and climate versions of the UKMO global 
model are run using 36 and 72 PE respectively while a 
new high resolution version is expected to use 144 PE. 
Several forecasts using slightly different initial condi¬ 
tions are run in parallel to utilize the full set of 840 PE 
available to the user. 

The weather prediction codes have been able to utilize 
only 10% of the peak power of the individual processors 
in a parallel machine. This small value for the sustained 
to peak performance achieved on a single processor is 
mainly due to the smallness of the cache for memory 
access, but also depends on the ability of the compiler to 
optimize memory access and computations. The speed in 
Mflops for a single processor is also influenced by the 
communication costs and load imbalances. Both of these 
tend to increase, relative to the computation cost, as the 
number of processors increase. 

The Indian efforts have been able to produce a sus¬ 
tained to peak speed ratio for computations close to 6%. 
This indicates that more work needs to be done on the 
parallelization strategy and also possibly towards the 
hardware design regarding the cache utilization. The 
scalability has also suffered due to low inter-processor 
communication rate. Compared to international standard 
of 1 Gb per second, the Indian machines participating in 
the DST project used values of the order of 20 Mb per 
second. 

Regarding the complete NWP work on distributed 
memory system, even internationally the experience is 
not sufficient to arrive at a firm conclusion. At the mo¬ 
ment, the share of the components other than forecast 
model, is only a small part of the total operational time. 
Even after the adoption of the 4-D variational proce¬ 
dure, which appears to be the future trend in assimila¬ 
tion of data, most of the operational time will be taken 


up by the model integration. The data decoding, quality 
control, post-processing, visualization, etc. are not ex¬ 
pensive time wise and may be suitable for distributed 
computing on multiple workstations. 

As stated earlier, the meteorological community as a 
whole, has taken a cautious approach towards the paral¬ 
lel processing computers. This is because of the facts 
that a) many centres have not yet tested their models on 
any distributed memory machine and lack in experience, 
b) the performance of an application code can vary 
largely with the parallelization strategy and hence may 
require large manpower investment for optimization, 
and c) the distributed memory MPP machines are yet to 
firmly demonstrate the advantage in cost of unit sus¬ 
tained computing power over the vector processing ma¬ 
chines. 

Thus the distributed memory PPS machines, specially 
the MPP ones, may still have to wait for further techno¬ 
logical improvement such that the benefit in the unit 
cost of computing can more than compensate the large 
manpower investment required to rewrite the large ap¬ 
plication codes like the forecast model. 
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higher plants 
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The polyamines are low molecular weight, polycati- 
onic, nitrogenous compounds, and normal constitu¬ 
ents of prokaryotic and eukaryotic cells. They have 
been implicated in a wide range of metabolic proc¬ 
esses in plants ranging from cell division and organ¬ 
ogenesis to protection against stress. Genes for 
several key biosynthetic enzymes like arginine de¬ 
carboxylase, ornithine decarboxylase and S-adenosyl 
methionine decarboxylase have been cloned from 
different plant species. They have been found to be 
regulated by developmental cues and also by differ¬ 
ent kinds of stress. Both over expressed and antisense 
transgenic approaches of polyamine biosynthetic 
genes have further supported that these compounds 
are essential for normal plant growth and develop¬ 
ment. Recent generation of polyamine biosynthetic 
mutants of Arabidopsis also suggests the importance 
of polyamines as cellular metabolites. The current 
development in the knowledge of polyamine biosyn¬ 
thesis, particularly molecular genetic analysis, has 
been discussed in this review that will help to open 
up new avenues of inv estigation for the researchers. 

Polyamines (PAs) (putrescine, spermidine and sper¬ 
mine), a class of aliphatic amines are ubiquitous, non¬ 
protein, straight chain, polycationic metabolites present 
in both prokaryotic and eukaryotic cells. They have been 
implicated in several important cellular processes like 
replication, cell division, protein synthesis*, protein- 
DNA interactions^, and plant responses to abiotic 
stress^■'^ Polyamines can form conjugates that can ac¬ 
count for 90% of the total PA*. PAs have been localized 
in various organelles including the vacuole, mitochon¬ 
dria, nuclei and chloroplast'®. In the latter they have 
been detected from thylakoid membranes associated 
with PS-II and light-harvesting complex in spinach'*. 
The apoproteins of the chlorophyll alb antena complex 
and RuBISCO (ribulose-bis-phosphate carboxylase) 
large subunit have been identified as substrates for a 
plastidic transglutaminase, which catalyses the incorpo¬ 
ration of PAs into both thylakoid membrane and stromal 
proteins in Helianthus tuberosus'^. The biosynthesis and 
regulation of PA level in animal cells are well character¬ 
ized and are controlled primarily by two enzymes: orni¬ 
thine decarboxylase (ODC), responsible for the direct 
production of putrescine (Put), and S-adenosyl-1- 


methionine decarboxylase (SAMDC), for the synthesis 
of spermidine (Spd) and spermine (Spm)*^. The activi¬ 
ties of Spd-synthase and Spm-synthase are rather consti¬ 
tutive, depending on the availability of precursor 
molecules. The decarboxylating enzymes are remarkable 
for their rapid rate of turn over. Their activities are 
modulated by a wide array of hormonal, developmental 
and cell growth-related factors*^’*^. In higher plants and 
•some bacteria, there is an additional biosynthetic en¬ 
zyme, arginine decarboxylase (ADC), which represents 
an alternate, indirect pathway to ODC for the synthesis 
of Put, through agmatine'^*’*®. A variety of physiological 
and stress stimuli are known to affect the activity of 
polyamine biosynthetic enzymes in plants and the two 
pathways are regulated quite differently*®'*’-'®. 

The information related to the mechanism of regula¬ 
tion of PA biosynthesis or the subcellular localization of 
their biosynthetic enzymes is limited*'’**'’*. This knowl¬ 
edge is critical to understand the various functions of 
PAs in the physiology of higher plants. Although studies 
of various inhibitors of PA biosynthesis have provided 
some useful information regarding plant growth and de¬ 
velopment, some of the inhibitors are non-specific, and 
not well characterized for their permeability and stabil¬ 
ity in cells. Figure 1 shows that the enzymes ADC and 
ODC can be irreversibly inhibited by the inhibitors in¬ 
cluding DL-a-difluromethyl arginine (DFMA) and DL-a- 
difluromethyl ornithine (DFMO), respectively. Methyl- 
glyoxal-bis-guanil hydrazone (MGBG) and cyclo- 
hexylamine (CHA) are reversible inhibitors of SAMDC 
and spermidine synthase, respectively*®'’**'”. They are 
generally effective only in reducing the cellular levels of 
PAs. The use of molecular approach including the 
cloning of genes for PA biosynthetic enzymes, produc¬ 
tion of transgenic plants. Isolation and characterization 
of mutants defective in PA biosynthesis will provide a 
better understanding of the role of PAs in higher plants. 
New impetus to polyamine research has come with the 
cloning of many PA biosynthetic genes and the cellular 
perturbation of PA levels and studying its effect on plant 
developmental processes and stress using transgenic and 
molecular genetic approaches. 

The present review briefly updates our knowledge of 
cellular and molecular biology of PA biosynthesis in 
higher plants. 
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Figure 1. Schematic representation of polyamine metabolism and their interrelationships with the 
ethylene biosynthesis in higher plants. Inhibitors are indicated in abbreviated forms. DFMO, a- 
difluromethyl ornithine; DFMA, a-difluro methyl arginine; MGBG, methylglyoxal-bis- 
(guanylhydrazone); CHA, cycloheximine. The enzymes involved in the metabolic pathways are indi¬ 
cated in numbers (1-18). (1) Arginase, (2) Ornithine carbomoyl transferase, (3) Arginino succinate 
synthase, (4) Arginino succinate lyase, (5) Citrulline decarboxylase, (6) Ornithine decarboxylase, (7) 
Arginine decarboxylase, (8) Agmatine irainohydrolase, (9) Lysine decarboxylase, (10) N-carbamoyl 
putrescine amidohydrolase, (11) S-adenosyl methionine decarboxylase, (12) Spermidine synthase, 
G3) Spermine synthase, (14) Diamine oxidase, (15) Polyamine oxidase, (16) Aminopropyl trans¬ 
ferase, (17) 1,amino 1-cyclopropane 1-carboxylic acid synthase, (18) Ethylene forming enzyme. The 
major pathway is indicated by continuous lines, while the side branches are indicated by broken and 


dotted lines. 

Molecular biology and expression of PA 
biosynthesizing enzymes 

Arginine decarboxylase 

Arginine decarboxylase (ADC), the first key enzyme in 
the alternate pathway, plays a pivotal role in the bio¬ 
genesis of precursor Put. The enzyme has been purified 
and characterized from several systems like oat^^”^^, 
rice^^*^^ Lathyrus^^, mung bean^^ and Brassico^^. It re¬ 
quires a thiol compound and pyridoxal phosphate for its 
activity but metal dependency has not been detected. 

Earlier reports indicate that ADC is a cytosolic en- 
zyme"^’^^. However, Borrell and coworkers^^ report its 
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specific association with the thylakoid membranes of the 
oat chloroplast by cell fractionation and immunocyto- 
chemistry. In recent years, ADC gene has been cloned 
from oat^^, tomato^^, pea^^, Arabidopsis^"^ and soybean^^. 
Each of the cloned ADC genes is similar to the biosyn¬ 
thetic Escherichia coli ADC and encodes proteins con¬ 
taining the conserved, putative substrate-binding site 
that has been found in all eukaryotic ADCs and ODCs 
reported so far. This fact suggests a similar catalytic 
mechanism^^. It has been observed from phylogenetic 
distance analysis that the Arabidopsis gene is more 
closely related to tomato or pea than E. coli or oat^"^. 

The regulations of ADC gene expression are rather 
complicated and require de novo protein synthesis^^. 
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Bell and Malmberg^^ first obtained the cDNA clone of 
ADC from oat. The open reading frame (ORF) encodes 
a 66 kDa protein, but the purified ADC polypeptide has 
an apparent molecular weight of 24 kDa and is encoded 
by the carboxy-terminal region of the ORF. Subse¬ 
quently, Malmberg and coworkers^®'^^ demonstrated that 
the enzyme is post-translationally cleaved and processed 
into N-terminal 42 kDa and 24 kDa C-terminal frag¬ 
ments and this step is necessary as a part of the activa¬ 
tion of ADC enzyme activity in oat. These two are 
linked together to form the 66 kDa protein by a disul¬ 
phide linkage. The 24 kDa fragment consists of the 
DFMA binding site and may contain at least part of the 
active site of the enzyme which is prevalent in the solu¬ 
ble fraction^®’^®. 

In tomato, ADC mRNA levels increase from the imma¬ 
ture green stage to the breaker stage®^. Whereas in pea, 
ADC expression is higher in young developing tissues 
and early stages of fruit growth than in mature organs®^. 
However, in these two cases, ADC activity does not ap¬ 
pear to correlate with the mRNA levels, suggesting that 
expression may be subject to translational and/or post- 
translational regulation. In fact, pea and soybean 
mRNAs have long 5'-untranslated regions, which may 
be involved in the processings^. 

In K^'-deficient A. thaliana, Watson and MalmbergS'* 
could not detect any change in ADC mRNA level or 
protein level correlating with the increase' in ADC en¬ 
zyme activity. They cannot detect any evidence of 
regulation by post-translational proteolysis, either by 
existence of pre-protein or clipped polypeptides. In our 
experiments'*”, 498 bp ADC, PCR amplified oat genomic 
DNA (OADl) shows strong hybridization with different 
rice cultivars by Southern blot analysis and reveals the 
presence of a single copy gene and restriction fragment 
length polymorphism (RFLP) of ADC gene. A compari¬ 
son of Northern blot analysis in salt-tolerant and salt- 
sensitive cultivars shows differential accumulation of 
ADC mRNA level during salinity stress, correlating well 
with the differences in ADC enzyme activity. 

The most interesting results are obtained by Borrell 
and coworkers^^’"^^’"*^ in a series of experiments with os- 
motically stressed, dark induced senescing oat proto¬ 
plasts. Under senescence-inducing conditions, in 
presence of 0.6 M sorbitol and in absence of exogenous 
Spm, the ADC mRNA level shows a significant increase 
after 1 h, then a rapid decrease after 2 h of incubation in 
dark. But under presence of Spm, there is a more 
marked increase in ADC mRNA level and the level re¬ 
mains high even after 2 h. Western blot analysis with the 
polyclonal antibodies from the C-terminal region, re¬ 
veals a significant increase in the level of 24-kDa 
polypeptide (ADC processed and active form) in the 
soluble fraction of the osmotically stressed oat leaves. 
However, the presence of exogenous Spm leads to a 
dramatic decrease in the level of 24 kDa polypeptide 


after 4~24 h of incubation and it cannot be detected at 
all after 24 h of incubation. But an unprocessed 
polypeptide of 66 kDa mol.wt. appears which corre¬ 
sponds to the decrease in ADC enzyme activity. 

Ornithine decarboxylase 

Ornithine decarboxylase (ODC) is also a pyridoxal- 
phosphate-dependent enzyme and has been purified 
from cytoplasm and nucleus of germinating barley seed 
where it is tightly bound to chromatin'^^’^'^. It has been 
partially purified from wheat"^^ and jute embryo'^^ The 
regulation of ODC in higher plant system has not been 
studied in detail. In animals and yeast, it is regulated in 
a complex manner by antizymes and proteosomes and 
there are reports of polyamine dependent translational 
frame shifting of ODC antizyme'^^’'^^. In animal systems, 
ODC has been reported to be under transcriptional^^’^° 
as well as translational control^\ The turnover rate of 
ODC is highly variable with a half-life ranging from as 
short as 5 min to several hours; this is at least partially 
due to the PEST (Pro-Glu-Ser-Thr) sequence in the C- 
terminal region^^. Phosphorylation may also play a role 
in the regulation of ODC by PAs^^”*'*^. Role of antizyme 
in the control of ODC from jute has also been revealed 
by Pandit and Ghosh^^. 

The cDNA clone representing ODC from Datura has 
been obtained recently by Michael and coworkers^^. It is 
similar to other eukaryotic ODCs, but lacks long 3' and 
5' untranslated regions that are present in mammalian 
ODC mRNAs, and are probably involved in translational 
efficiency. A decarboxylase amino acid motif with a 
consensus sequence, XX [D/N] X GGG X [G/T], where 
X represents a small hydrophobic residue, is found in all 
eukaryotic ADCs and ODCs cloned so far (between 
345-353 nt in pea sequence)^^ The putative pyridoxal 
phosphate binding domain from nt position 161 and 552 
in pea ADC sequence has also been detected^^. 

S-adenosyl methionine decarboxylase 

S-adenosyl methionine decarboxylase (SAMDC) is 
probably the rate-limiting enzyme that provides the 
aminopropyl moiety used by Spd and Spm synthases to 
convert Put to Spd and Spm respectively. SAM is also a 
precursor for ethylene biosynthesis. SAMDC has been 
observed in carrot^*^, oat^® and tobacco^^. In tobacco it is 
a 35 kDa polypeptide as revealed by SDS-PAGE analy¬ 
sis'^. 

Genes for SAMDC have been cloned from potato^^ 
spinach^^, periwinkle^^ carnation^"^ and Tritordeum^\ 
There is a strong (70%) sequence similarity, at the level 
of deduced amino acid sequences among the plant 
SAMDC genes, but they have only 30-35% and 20-26% 
sequence identity with the mammalian and bacterial 
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Inspite of a low overall sequence simi¬ 
larity, plants share some regions of similarity between 
all SAMDC genes analysed so far including a putative 
PEST sequence, characteristic of peptides having high 
turnover rates and a pre-enzyme cleavage site. Indeed, 
SAMDC in potato and periwinkle is synthesized as a 
precursor molecule or as a pre-protein and it is post- 
translationally self-processed to form two subunits {a, 
^), which then together constitute the functional enzyme. 
As a result of this modification, a covalently linked 
prosthetic pyruvate group is generated from the N- 
terminal Ser-residue at the cleavage site^^’^^"^^. A third 
important feature is their long (approximately 500 bp) 5' 
untranslated leader sequence which contains untrans¬ 
lated open reading frame^^. Potato SAMDC is highly 
expressed in actively dividing and differentiating tissues 
of both vegetative and reproductive organs^\ In Tutor- 
deum SAMDC mRNA accumulates in wounded tissues 
and the level follows a circadian rhythm, suggesting its 
expression in the absence of cell division^^. Genes en¬ 
coding spermidine and spermine synthase have not been 
cloned from plant system till date. 

Transgenic plants expressing PA 
biosynthesizing genes 

Initially, due to the non-availability of native genes from 
plant sources, the polyamine biosynthesis genes from 
non-plant sources like yeast, mice and human are engi¬ 
neered in transgenic plants. The genes are linked to 
cauliflower mosaic virus 35S RNA promoter, thus pro¬ 
ducing high levels of constitutive expression. The yeast 
ODC gene overexpressed in tobacco hairy root cultivar 
produces up to 3-fold increase in ODC activity and 
doubles the nicotine content^^. DeScenzo and Minocha^^ 
transform tobacco with mouse ODC and obtain 2-3 fold 
increase in Put in the leaves and 4-12 fold increase in 
the callus cells. Most of the transformants appear nor¬ 
mal, although the ones having highest ODC and Put 
levels display stunted growth, wrinkled leaves and flow¬ 
ers with reduced stems. The tobacco transgenic with the 
human SAMDC^^ shows a 2-4 fold increase in SAMDC 
activity, reduced Put levels, and 2-3 fold increase in 
Spd level. 

The controlled expression of a transgene is always 
better in comparison with constitutive over-expression. 
For example, potential over-expression of a homologous 
SAMDC gene in potato being reported to be lethal. The 
Tet repressor system has been designed to regulate the 
gene in sense and antisense orientation^^. In the sense 
orientation, SAMDC/Tet construct results in a 2-6 fold 
increase in the SAMDC transcript level, following Tet 
induction in leaf explants, along with an increase in 
SAMDC activity and Spd, Spm and intriguingly Put 
levels. The plants having antisense SAMDC construct 


display a variety of phenotypes including stunted 
growth, short internodes, stem branching and small 
leaves, concomitant with the reduction in the levels of 
SAMDC mRNA and activity and Put, Spd and Spm 
content, along with a 46-fold increase in ethylene con¬ 
tent. 

Recently, ADC gene of oat has been over-expressed in 
tobacco under the control of an inducible promoter; the 
Tet-repressor system and this shows a significant change 
in the levels of ADC transcript and activity, and the Put 
content upon tetracycline-induction^^. Some transgenic 
plants display abnormal phenotypes including short in¬ 
ternodes, small stems and leaves, chlorosis and ad¬ 
vancement in the flowering period^^. 

The root induction and morphological abnormalities, 
due to the presence and expression of the Ri TL-DNA 
{Agrobacterium rhizogenes, T-DNA left border) are 
linked to an altered metabolism of polyamines^'^’^^ A 
range of phenotypes including short internodes, highly 
branched stems, with small leaves have been obtained in 
plants transformed with RiTL-DNA of Agrobacterium 
rhizogenes^^, this correlates well with the reduced PA 
level, suggesting that the products of the Ri TL-DNA 
encoding genes may be involved in repressing PA bio¬ 
synthesis. In tobacco root, a correlation exists between 
the expression of the rol genes from the TL-DNA {rolk, 
m/B, rolC) of A. rhizogenes and PA metabolism. The 
higher PA contents found in roots transformed by rolk 
parallel with higher ODC and ADC activities as well as 
higher nicotine contents^^’^^. 

More recently, activation T-DNA tagging has been 
used to create MGBG-resistant tobacco cell lines^^. Re¬ 
generated plants display characteristic leaf and floral 
malformation as well as parthenocarpy. One line shows 
increase in activity of SAMDC whereas in another line 
this is coupled with elevated levels of Put and Spd al¬ 
though transcript levels of the respective enzymes re¬ 
main unchanged. The tagged plant genomic DNA is 
isolated and has been used to detect a functional 
cDNA'^^ 

Mutational analysis 

Several efforts have been made to select polyamine mu¬ 
tants. In petunia and tomato, floral-morphology mutants 
have been shown to have increased Put content and 
ADC activity; however, the molecular analysis of the 
mutants has not been carried out in detaiP^’^®. The mu¬ 
tants from MGBG and DFMO-resistant tobacco show an 
array of phenotypic characteristics including dwarfing 
and floral abberations. Recently, Malmberg and 
Watson^^ after screening 25,000 EMS-M 2 seedlings of 
Arabidopsis for ADC and ODC mutants have identified 
a number of alleles defective in ADC, which fell into 
two loci. One of these, Spe 1, represents the ADC 
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structural gene and the other represents a regulatory lo¬ 
cus involved in post-translational regulation at the pro¬ 
tein level (Spe 10). These mutants show minor root, 
stem and floral morphogenesis. The allele deficient in 
ODC activity (Spc 2) is generally hypomorphs, with low 
but non-zero levels of enzyme activity and the Put con¬ 
tent. In another genetic approach, the SAMDC gene of 
potato has been mapped to chromosome 5 and shows 
genetic linkage with the tuberization process^\ 

Concluding remarks 

From the above discussion, it can be concluded that the 
molecular evidence essentially supports the biochemical 
data. Although mRNA accumulation seems to be impor¬ 
tant in the control of polyamine biosynthesis pathway, it 
is quite clear in all the cases other regulatory mecha¬ 
nisms also exist, which function at the level of transla¬ 
tion, enzyme processing and assembly levels. 
Accumulating evidences from the analysis of the trans¬ 
genic plants show that PA metabolism can be manipu¬ 
lated as well as changes in PA biosynthesis appear to 
have a reciprocal effect on ethylene biosynthesis. The 
analysis of transgenic plants, together with results from 
mutant analysis, indicates that changes in levels of PAs 
can affect leaf and floral morphology. Finally the avail¬ 
ability of molecular probes for the biosynthetic enzymes, 
coupled with mutational analysis to knockout genes, the use 
of antisense technology and activation T-DNA tagging shall 
prove to be useful in understanding the role of polyamines 
in plant metabolism and control of dormancy, fruit ripening, 
senescence and responses of plants to stress. 
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Antifeedant effect of some plant 
extracts on the Asian armyworm, 
Spodoptera Utura (Fabricius) 

K. Sahayaraj 

Department of Botany, St. Joseph’s College, Trichy 620 002, India 

Plant extracts of Azadirachta indica A. Juss, Citrus 
sinensis Linn., Vitex negundo Linn, and Zingiber of¬ 
ficinale Rose were evaluated for their antifeedant 
and growth inhibitory activities against last instar 
larvae of Spodoptera Utura (Fabricius) causing defo¬ 
liation in groundnut. The results indicate existence of 
deterrent effect in all the botanicals and the highest 
general deterrent action was found in Vitex negundo. 
It was reflected from the very low food consumption, 
approximate digestability, faecal pellets production, 
and reduction percentage in body weight. The per¬ 
centage of deformity in pupal as well as adult stages 
was considerably higher in Z. officinale followed by 
A. indica and C. sinensis, respectively. All the plant 
extracts were found to be antifeedant and growth 
inhibitory in nature. 

In India, groundnut (Arachis hypogea L.) is cultivated 
on 8.5 m ha, where it produces 9.5 m tonnes. The major 
constraint in the production of groundnut is the infesta¬ 
tion by Spodoptera Utura (Fabricius), the most serious 
insect pest, particularly in Andhra Pradesh, Karnataka, 
Tamil Nadu and Maharashtra. It causes significant loss of 
pod (25 to 27%) and haulm (31 to 44%) of groundnut^’^. 
Several plants and their insecticides have been reported to 
possess substances which serve as protective barrier to in¬ 
festation^"^. The present investigation was, therefore, 
undertaken to study the effect of four different botani¬ 
cals on food consumption and utilization efficiency and 
growth in the lepidopteran polyphagous pest S. Utura. 


A culture of 5*. Utura was maintained in the laboratory 
on field-collected groundnut leaves. All the plant ex¬ 
tracts tested here were prepared according to Nanda- 
gopal^ and Sahayaraj and Sekar^. 10 g each of the leaves 
of Azadirachta indica A. Juss and Vitex negundo Linn., 
rind of Citrus sinensis Linn, and rhizome of Zingiber 
officinale Rose (washed well 3-5 limes with tap water 
and once with distilled water) were macerated indi¬ 
vidually in an all-glass pestle and mortar and extracted 
with small quantities of hot distilled water. The extract 
was passed through muslin cloth and the final volume 
made up to 100 ml to get 10% extracts. For evaluation 
of anti-feedant effect of botanicals on food consumption 
and assimilation in the laboratory, groundnut shoots 
were dipped in the different extracts to give a thorough 
wetting and shade-dried for 15 minutes. Ten final instar 
larvae of S. Utura (uniform age and size) were placed in 
plastic trays (40 x 28 x 10 cm) and replicated six times. 
They were provided with weighed botanicals-treated 
groundnut shoots for a day for experimental individuals. 
The groundnut shoots devoid of extracts served as con¬ 
trol. After a day, the larvae were removed from the 
treatment and released into plastic trays containing un¬ 
treated groundnut shoots. The shoots were replaced 
every 24 h. All the individuals were maintained at 
27 ± 2°C, 75 ± 5% relative humidity and 13 h photope¬ 
riod, respectively. The weight of larvae and that of ex¬ 
creta and unconsumed food were recorded daily for a 
period of four days. The anti-feedant efficacy of differ¬ 
ent botanicals was determined by comparing the ap¬ 
proximate digestability (AD), conversion efficiency of 
ingested (ECI) and digested (BCD) food. In order to 
find out the toxic effect of plant extracts, mortality, re¬ 
duction percentage in body weight® and deformity in the 
test larvae were recorded during the remaining life of S. 
Utura. The larvae which did not pupate and pupae from 
which adults did not emerge, were considered as dead. 
Net mortality was also calculated^. 


Table 1. Effect of different botanicals on AD, conversion efficiency of ECI and ECD into body substance of larvae S. Utura 

Botanicals treated 


Parameter 

Control 

A. indica 

Z. officinale 

C. sinensis 

V. negundo 

Animal initial weight (mg) 

271.60 

287.59 

298.41 

289.28 

286.51 

Food consumed (mg) 

588.00 

367.66® 

317.64*’ 

400.32® 

282.98®*^ 

AD (%) 

94.09 

85.77® 

81.19®*’ 

82.46*’® 

70 oghed 

ECI (%) 

3.45 

-53.48 

-51.87*’ 

-41.49*’® 

-47 79606 

Faecal matter (mg) 

11.89 

13.86® 

12 . 21 ®*’ 

15.38®*’® 

11.42®*’®®* 

Amount of food converted (mg) 
ECD (%) 

184.12 

3.68 

81.23® 

-59.52 

64.36®*’ 

-63.36*’ 

84.69®® 

-46.62 

55.68*’®'* 

-69.68®®* 

Animal final weight (mg) 

259.42 

87.96 

100.52 

80.67 

95.33 

Weight gain/loss (mg) 

26.34 

-129.22® 

-168.43*’ 

-208.68®*’® 

-181.80®*’®®* 


Values given are mean of six replicates. 

In horizontal row, means followed by the same letters are not different significantly {p = 0.05) by ANOVA. 
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Table 2 . Morphogenetic effects of some plant extracts ag ainst last instar larvae of 5. litura 

Plant extracts 


Parameter Control A. indica 


No. of larvae tested 

60 

60 

No. of larvae (pre-pupated) 

60 

12 

No. of larvae (pupated) 

56 

10 

No. of adults emerged 

56 

5 

Total mortality (%) - 

6.66 

58,33 

Net mortality (%) 

6.66 

55.35 

No. of deformed pupae 

0 

1 

No. of deformed adults 

0 

2 

Deformitiy (%) 

0 

25.00 


Z officinale 

C. sinensis 

V. negundo 

60 

60 

60 

18 

10 

6 

15 

8 

2 

3 

6 

0 

83.33 

40.00 

100.00 

82.14 

35.72 

100.00 

3 

1 

_ 

3 

1 


33.33 

20.00 

_ 




Figure 1. Asian armyworm showing various degrees of morphologi¬ 
cal abnormalities induced by different plant extracts: a. Normal 
.pupa; b, A partially deformed pupa with vestigial thoracic legs, pro¬ 
duced by A.^ indica. The larva moult is incomplete in that the cast 
integument is still attached to the thorax; c, Pupal deformity caused 
by V. negundo; d. Pale and soft pupa and the cuticle contained little 
chi tin produced by Z officinale. 


Effects obtained from treatment of S. litura larvae 
with different botanicals are presented in Table 1. Ob¬ 
servations reveal that the shoots in the control category 
were completely defoliated and stems eaten away, 
whereas the shoots in the plant extracts-treated catego¬ 
ries (PETCs) were not consumed fully. 

The average food consumption in control category 
was 588.00 mg as against 400.32, 367.66, 317.64 and 


282.98 mg, respectively in C. sinensis, A. indica, Z. of¬ 
ficinale and V. negundo sprayed leaf-fed larvae. Irre¬ 
spective of the plant extracts, treatment decreased food 
intake and probably the passage of food through the gut. 
However, the food intake was more or less similar 
among the categories fed with groundnut leaf 
treated with botanicals. Individuals of Helicoverpa 
armigera Hubner when reared on a semisynthetic diet 
incorporated with certain plant antibiotic substances 
showed a reduction in food consumption*®. Many 
of the earlier reports suggested that lepidopterans are 
generally insensitive to botanicals**. However, others^’*^ 
demonstrated in S. litura that botanicals induce mortal¬ 
ity. In all the PETCs, the daily food consumption and 
AD were gradually decreased from the first day to the 
fourth. The AD was highest and lowest in the control 
and V. negundoAv&^itd leaf fed larvae. Among the 
PETCs, the AD was higher in A. indica and similar in 
C. sinensis and Z. officinale categories (P < 0 05) 
(Table 1). 

The V. negundo-spvayed category produced less faecal 
pellets followed by Z. officinale, A. indica and C 
sinensis, respectively. Similar studies conducted in the 
management of rice pests by neem products are on rec¬ 
ord - . The efficiency of utilization of food by animals 
is measured by the ECI and ECD values. Interestingly, 
in the present study, significantly negative ECI and ECD 
values were observed in all PETCs and this indicated 
that the utilization of food for conservation of energy for 
various life activities was challenged by the chemicals 
present in the plant extracts. This is in acccordance with 
the other report^ where the neem-based insecticides 
(margocside OK and CK) suppressed the S, litura dam¬ 
age in groundnut. Furthermore, negative ECI and ECD 
values might be due to the adverse effect on the hormo¬ 
nal system which controls the utilization of food. 

The feeding deterrent effect in this study was also 
judged by the relative loss in body weight (RLBW) of 
the larvae. The maximum mean reduction per cent in 
body weight was found in the V. negundo treated cate¬ 
gory (73.69%) followed by Z. officinale (58.99%), A. 
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indica (52.63%) and C. sinensis (41.19%), respectively. 
This might be due to less/slow feeding of the foliage and 
diversion of energy from production of biomass to de¬ 
toxification of plant extracts. Further, it suggests that the 
amount of botanicals consumed in 24 h was sufficient to 
disrupt the feeding mechanism of S. litura. Ismann^^ 
compared the efficacy of azadirachtin via dietary incor¬ 
poration against six species of noctuids. His results in¬ 
dicate that 5. litura was the most sensitive to the 
antifeedant effect of azadirachtin'. Furthermore, he re¬ 
ported that it decreased the growth (body weight), diet 
consumption and utilization. 

It was observed that pupal formation with Z. officinale 
treatment was greater, followed by A. indica, C. sinensis 
and V. negundo. This result indicates that the existence 
of toxic principles in V. negundo was higher, as re¬ 
flected by less pupal formation (2) and more total and 
net mortalities (100%) observed in this category. Vari¬ 
ous parts of this plant contain ecdysteroids^^ and this 
might be the reason for 100% mortality. All the plant 
products tested in this experiment produced a number of 
deformities in pre-pupa, pupa and adult stages. Most of 
the deformities were in the form of larva-pupa interme¬ 
diates and were recorded in Z. officinale, A. indica and 
C. sinensis. A great deal of mortality occurred in the 
intermediates between larvae and pre-pupae. A maxi¬ 
mum and minimum of 33.33 and 20.00% deformity were 
recorded in Z. officinale and C. sinensis treatments re¬ 
spectively (Table 2). 

Typical effects of the material are illustrated in Figure 
1. Larvae that are marginally affected appear chimeric, 
with a mixture of larval and pupal features (Figure 1 b). 
In the pupal deformity, the anterior part completely pu¬ 
pated and the posterior part did not moult’properly but 
shrank (Figure 1 c). Furthermore, there was inhibition of 
chitin synthesis. The moulting phase results in mortality 
at ecdysis. The newly-formed cuticle lacks chitin and is 
pale (Figure Id). In the case of pupal-adult intermedi¬ 
ate deformity, moulting process was not complete. Di- 
fubenzuron^^, diamine-furyl-s-triazine^® interferes with 
the deposition and biosynthesis of chitin, inhibits 
moulting and finally leads to the death of Spodoptera 
littoralis (Boisd.) and Euproctis icilia Stoll larvae. 
Adults derived from treated S. litura larvae appeared 
weaker and smaller in size than those in control. These 
larvae too, did not show any sign of malformations. 


All the botanicals tested were found to be anti-feedant 
and growth inhibitory in nature. Since Spodoptera litura 
is a polyphagous pest on 112 species of plants like cot¬ 
ton, tobacco, chilli, castor, pulse crops, groundnut, to¬ 
mato and minor spice crops, these extracts can be 
exploited for the control of this pest. However, the utili¬ 
zation of these plant extracts for the control of this in¬ 
sect can only be determined through actual field trials. 
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A note on the investigation of 
fibre-matrix adhesion in sisal 
fibre-polyester composites 

M. Gupta, Anchal Verma and B. Singh 

Central Building Research Institute, Roorkee 247 667, India 

The nature of interfacial adhesion between chemi¬ 
cally modified sisal fibre and polyester resin in com¬ 
posites was studied in relation to the emergence of 
fractographic features observed in SEM. Evidences 
of fibre fracture and residual deformed resin as river 
patterns attached to the pull-out fibre surface were 
supportive of improved fibre-matrix adhesion that 
was caused by copolymerization between methacryl 
functional attached fibre and polyester resin. Form¬ 
ing stable hydrophobic interphase region and desired 
compatibility of surface-modified fibre with resin 
matrix resulted in enhanced macro-mechanical prop¬ 
erties of the composites. It was also observed that the 
improvement in the retention of composite strength 
was appreciable even under wet conditions. 

The concept of improving fibre-matrix adhesion has 
been used for meeting the property requirements in natu¬ 
ral fibre composites’”^. One of the most effective meth¬ 
ods is the application of coupling agents to a natural 
fibre aiming at improved wetting or providing fibre- 
matrix coupling^”’. The alkoxy groups of these coupling 
agents react with the surface functional groups of fibre 
to form covalent bond (fibre-O-M; M = central metal 
atom) while organofunctional portion interacts with the 
polymer matrices by a chemical reaction following the 
chemical bonding/interpenetrating networks theory*. 
The formation of a lock and key fit at the interface due 
to surface roughness can greatly increase the force re¬ 
quired to separate the adhering materials besides a con¬ 
structive effect® of pressure exerted by the matrix on the 
fibre due to thermal mismatch. This, in turn, affects in¬ 
terfacial shear strength significantly over untreated 
composites and also provides increased hygrothermal 
stability. Explanation of enhanced macro or micro- 
mechanical properties of composites by chemi¬ 
cal/mechanical interference at the interface between sur¬ 
face-modified fibre and resin matrix merits further 
attention’®. It is, thus, desirable to understand and corre¬ 
late the interphase criteria with composite properties in 
developing natural fibre-based building materials. 

In our previous publications®•”■’^ it was shown that 
improved physico-mechanical properties and shifting of 
failure mode from interphase controlled, to the next 
weakest parts (fibre and matrix) can be obtained by us¬ 
ing chemically modified fibres. Providing an insight into 
this behaviour, a subsequent study on adsorptive inter¬ 
actions between coupling agents and sisal fibre has been 
made showing the role of secondary forces, in addition 
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to covalent bonding”. In this study, we aimed at dis¬ 
cussing the fibre-matrix adhesion in terms of chemical 
interactions between M-substituted methacrylamide 
modified fibre and polyester matrix in sisal composites. 
Since sisal fibre is weaker than the synthetic fibres, the 
fibre fracture rather than fibre pull-out occurred during 
single fibre pull-out measurement. For this reason, 
fractographic features such as fibre fracture and adher¬ 
ing of resin matrix onto fibre surfaces were used to 
evaluate fibre-matrix adhesion. The comparative 
evaluation of interfacial adhesion in untreated and 
treated composites was also made with respect to the 
variation in mechanical properties. This is the first re¬ 
port on this system to the best of our knowledge. 

The sisal fibres 0^320 + 5 aspect ratio, obtained from 
local source were used in this study. Isophthalic-based 
polyester resin (gel time -25 min, acid value -16 mg 
KOH/g, volatile content -30%) was purchased from M/s 
Bakelite Hylam Ltd., Hyderabad. A/-substituted meth¬ 
acrylamide coupling agent (methacrylamide functional 
amine adduct of pyrophosphate titanate-QB-012) was 
received from M/s Kenrich Petrochemical Inc., USA and 
used as received. 

Sisal fibres were treated with A^-substituted methacry¬ 
lamide coupling agent solution in water (1% by wt of 
fibre). The procedure of surface modification of fibres 
was described in our earlier publication'^. The presence 
of treating compound onto fibre surfaces was confirmed 
by FTIR-ATR spectroscopy (C=0 stretching at 1708 
cm \ N-H bending at 1530 cm"\ N-~H stretching at 
3413 cm , >C=C< at 1597 cm The chopped strand 
mats of weight 400 ± 20 g/m^ have been prepared using 
these surface-modified fibres binding with poly(vinyl 
acetate) emulsion as mat former. The composite lami¬ 
nates have been prepared from chopped strand mats (4 
plies) and isophthalic-based polyester resin on a hy¬ 
draulic press at a pressure of -1.5 MPa for 2h. The 
laminates were cured at room temperature for 24 h and 
then post-cured at 80°C for 4 h at ~1 MPa moulding 
pressure. The tensile and flexural properties (Instron 
Model 1342) of composites were carried out according 
to ASTM D 638-82 and ASTM D 790-86 respectively. 
The span-to-depth ratio in flexural test was 16:1. The 
reported values were the average of five measurements. 
Fractography of the fractured surfaces was made on a 
scanning electron microscope (Phillips 501). The frac¬ 
tured surface of failed samples was vacuum coated with 
a thin film of Au/Pd coating to render them conductive. 

The occurrence of the fibre breakage and broken end 
sites on the fracture surfaces implies that the fibre- 
matrix interface is intact, leading to cohesive failure 
(Figure 1). An explanation of this behaviour is that the 
bonding between fibres and matrix is improved by the 
surface modification. This results in a higher amount of 
fibre fracture/tearing, a hindrance of matrix deformation 
between the fibres and a pronounced deviation of the 
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Figure 1. SEM of fracture surface of sisal-polyester composites 
showing fibre fracture/broken end sites . 



Figure 2. SEM of fracture surface of sisal-polyester composites 
showing (a) interfacial failure, (b) matrix cracking, (c) resin river 
patterns deformation on the fracture surface. 


major crack path around fibres. On the contrary, the 
fracture surface shown in Figure 2 indicates sign of in¬ 
terface failure with darkened regions extending down 
the side of the fibre. This effect could be caused by non¬ 
uniformity in surface treatment and lack of good wetting 
with resin prior to lamination. However, residual resin 
attached to pull-out surface is still seen at the debonded 
interface supportive of fibre bonding to the polyester 
networks. The fracture surfaces also reveal some inter¬ 
esting features such as river patterns initiated from 
fibre-matrix boundary, suggestive of superior adhesion 
and multiple resin cracking along with demarkated 
granular zone. Thus, it seems that resin matrix itself 
appears to have undergone at least some plastic shear 
deformation as well as brittle fracture. In the case of 

CURRENT SCIENCE, VOL. 74, NO. 6, 25 MARCH 1998 


untreated composites, poly(vinyl acetate) emulsion pro¬ 
vides hydrophobicity and a good resin wet-out to the 
fibres by an interaction between ligno-cellulosic groups 
and proton accepting groups of polymers. During resin 
impregnation of mats, poly(vinyl acetate) is dissolved in 
unsaturated polyester resin leaving sisal fibre with clean 
surface, indicating poor bonding between fibre and 
resin. The thick deposition of poly(vinyl acetate) on the 
fibre surface during mat preparation resulted in deterio¬ 
ration of mechanical properties. This is attributed 
mainly to the formation of distinct matrix interphase 
consisting of poiy(vinyl acetate) and polyester resin near 
the fibre surface. The effect of poly(vinyl acetate) 
emulsion (used in the mat preparation) on the properties 
of palm/polyester composites has been reported earlier 
by Belmares et al}^. 

The enhanced fibre-matrix adhesion is attributed 
mainly to attachment of methacrylamide organofunc- 
tionality onto fibre surface (Figure 3). The stability of 
the attached group can be considered by the involvement 
of chemical interactions between functional groups of 
coupling agent and surface active protons of fibres (I). 
This seems to provide good wetting to the resin during 
application followed by chemical bonding at the inter¬ 
face. The presence of bulky organic groups on the nitro¬ 
gen atom further contributes solution compatibility with 
polyester resin. It is expected that vinyl group of meth¬ 
acrylamide functional attached to the fibre surface can 
co-react with styrene in the polyester to form styrenated 
methacrylamide-modified fibre as reported similarly by 
Ishida and Koenig^"^ for reaction between styrene and 
vinyl groups of methacryloxy propyl trimethoxy silane. 
This fibre, in turn, reacts with polyester resin via styrene 
attachment following conventional route (II). Thus, a 
stable bond is formed enabling enhanced fibre-matrix 
adhesion. Additionally, the possibility of bonding be¬ 
tween methacryl functional attached to the fibre and 
unsaturation of polyester resin via addition reaction also 
exists (III). 

The tensile and flexural strength of sisal-polyester 
composites are given in Table 1. The results indicate 
that the strength properties of composites were altered 
by the attachment of methacryl functional onto fibre 
surface that involves forming hydrophobic interphases 
with polyester resin. The extent of improvement in ten¬ 
sion was significantly higher than that in flexure. Under 
wet conditions, the retention of wet strength was consid¬ 
erable that explains the dominating role of interphase in 
preventing v/icking action of water. About 38% increase 
in area under stress-strain curve for treated composites 
was also observed over untreated ones, resulting from 
the absorption of energy through fibre breakage and 
matrix cracking. The difference in the increase in these 
properties is mainly due to the improved fibre-matrix 
adhesion as observed in fracture morphology discussed 
earlier. It can be seen that property modifications were 
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Table 1. Mechanical properties of untreated and //-substituted methacrylamide treated sisal fibre-polyester composites 

(exposure in wet condition -60 days) 


Property 

Untreated 

composites 

Treated 

composites 

% Improvement 

Tensile strength (MPa) 

(a) Fresh 

29.66 

39.48 

33.10 

(b) Exposed 
*95% RH 

17.32 

28.00 

61.66 

*95% RH/50®C 

22.63 

31.10 

37.43 

*Immersed in water 

14.99 

23.91 

59.51 

Tensile modulus (GPa) 

1.15 

2.06 

79.13 

Energy to break (MJ/m^) x 10 ^ 

7.96 

11.06 

38.94 

Flexural strength (MPa) 

(a) Fresh 

59.57 

76.75 

28.84 

(b) Exposed 
*95% RH 

29.42 

33.97 

15.46 

*95% RH/50“C 

26.15 

32.00 

22.37 

*lmmersed in water 

20.52 

29.62 

44.34 

Flexural modulus (GPa) 

11.94 

15.35 

28.55 


RH, Relative humidity. 


0-H-O CHi 

/ ^ I 

Fibre-0-Ti(0R')3.iiR*jNR’N -C-C=CHa 

... 

N-substituted methaciylamide modified sisal fibic' 

(I) 



Interaction of methacryl functional attached fibre with 
polyester resin through styrene 
(D) 


Interaction of methacryl functional attached fibre with 
polyester resin 

(m) 



Polyester resia 
Coupling agent 
Sisal fibre 


controlled inlerphase 


Figure 3. Schematic representation of sisal fibre-polyester resin interaction. 


also accompanied by interphase-controlled failure, pro¬ 
viding a basis for establishing structure—property rela¬ 
tionships. Masking terminal hydroxyl groups of 
polyester resin, effort is continued for the resin matrix 
modification by the introduction of isocyanate moiety to 


obtain a tough, water-resistant interphase in composite 
materials. 
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Ecobiological assessment of a 
freshwater lake at Schirmacher Oasis, 
East Antarctica, with reference to 
human activities 

Baban Ingole and Vinod Dhargalkar 

Biological Oceanography Division, National Institute of 
Oceanography, Dona Paula, Goa 403 004, India 

The scale and magnitude of probable impact of hu¬ 
man activities over a decade (1983-1994) on the 
freshwater lake Priyadarshini, at Schirmacher Oasis, 
East Antarctica, was assessed through an ecological 
study conducted over an annual cycle during Janu¬ 
ary 1993 to January 1994. Air temperature ranged 
from -34.5°C to +8.2°C, water temperature (below 
frozen layer) from —1.5° to +4.7°C, and pH from 8.10 
to 8.77. Dissolved oxygen varied from 8.4 to 
12.1 mg with higher values during winter 
months (June-July). The biological parameters 
-phytoplankton, chlorophyll-a and microbenthos- 
showed a bi-modal pattern of fluctuations with one 
maxima in austral summer and another in spring 
(late winter). Fluctuations in the hydrobiological pa¬ 
rameters were closely related to meteorological con¬ 
ditions over the area. Biological productivity of the 
lake was dependent on the availability of ice-free 
water and increase in atmospheric temperature. An 
in-depth analysis and comparison of certain lake en¬ 
vironmental aspects over a decadal period indicate 
that the lake environment is in a healthy condition. 
However, intensive human activities in the catchment 
area may deteriorate the ecosystem and. hence regu¬ 
lar monitoring and stringent regulations are needed 
to maintain its quality. 

The Priyadarshini lake earlier refered as ‘ZUB’ lake on 
the geographical maps, is the second largest water body 
of Schirmacher Oasis, Queen Maud Land, East Antarc¬ 
tica (Figure 1). Limnological investigations of the water 


bodies at Schirmacher Oasis go back to 1964 (ref. 1). 
Since then, the lake environment has been the subject of 
scientific investigations by the Russian, German and 
Indian researchers^"^. However, except for the study of 
Loopmann"^ and Kaup^ all others were based on seasonal 
observations restricted only to austral summer. 

Aquatic environment in and around Priyadarshini has 
been studied extensively earlier during the austral sum¬ 
mer of 1984-1985 (ref. 3), when the lake environment 
was not exposed to human activities. The Indian summer 
research station Maitri was established in the vicinity of 
this freshwater lake during February, 1985 (ref. 10); it 
was developed into a full-fledged permanent research 
station in 1988-1989. However, ever since the inception 
of the Indian Antarctic programme, this fragile and 
sensitive lake environment is under continuous ecologi¬ 
cal monitoring. 

Due to the proximity of the Indian research station to 
Priyadarshini, it was possible to study the lake environ¬ 
ment very closely around the year. The movement of 
vehicles and human beings has increased 5-fold in the 
last 15 years (i.e. since the landing of the first Indian 
expedition at Schirmacher Oasis in January 1982). The 
area was visited by both the authors during austral sum¬ 
mer of 1984-1985, 1986-1987 and again in 1993-1994 
and one of us (VKD) had an opportunity to spend 18 
months at Maitri, when the present ecological data were 
recorded. 

It has been recognized that dry-valley lakes are useful 
indicators of climate change in Antarctica’^ Hence, it is 
necessary to gather biological data that documents the 
present condition of the Oasis lakes. This investigation 
was planned in this context, and was aimed at comparing 
the present ecological conditions with the earlier avail¬ 
able data. Variations in biological parameters which 
occurred over a decade are discussed in relation to an¬ 
thropogenic perturbations. The information and the ar¬ 
guments presented here may help in improved handling 
of the environmental effects. 
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Figure 1. Schirmacher Oasis with Priyadarshini lake in background. 



Figure 2. Locations of the sampling stations in Priyadarshini lake. 

Although the study site is described in detail by In- 
gole and Parulekar'^, general physical and geographic 
conditions are given here. The Schirmacher Oasis is a 
group of low lying-hills, essentially snow- and ice-free 
high-polar rock deserts in the eastern Dronning Maud 
Land, East Antarctica. It is about 100 km away from the 
Antarctic shore (the Lazarev ice shelf). The orientation 
is approximately east-west. It covers an area of about 
34 km'. The climate is relatively mild due to the low 
altitude, with air temperature over the glacier ice 
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fable 1. Meteorological data recorded at Maitri Station (Antarctica) 
_during January-December, 1993 (Souce: ref. 16) 


Month 


Air temperature (°C) Wind speed Blizzards Snowfall 
Max. Min. Mean (knots) (days) (days) 


January 

8.2 

-5.5 

0.7 

48 

February 

5.4 

-13.8 

-3.5 

57 

March 

-0.1 

-19.7 

-7.5 

63 

April 

-0.3 

-24.5 

-12.6 

62 

May 

-2.3 

-26.6 

-13.3 

58 

June 

-3.3 

-30.0 

-15.2 

70 

July 

-7.1 

-33.5 

-19.8 

52 

August 

-5.0 

-34.5 

-16.9 

92 

September 

-6.1 

-24.8 

-14.3 

80 

October 

-2.8 

-21,0 

-10.4 

86 

November 

3.8 

-15.8 

-5.5 

72 

December 

5.6 

-8.7 

-0.4 

67 


0 7 

0 8 

0 4 

1 3 

3 9 

2 8 

6 13 

6 9 

4 12 

5 13 

1 3 

0 11 


between -7.7 and +8.2°C during mid-summer 
(December-January) when meltwater is abundant. 
Freshw^ater lakes, ponds and pools cover approximately 
3.4 km oasis area. The altitudes lie between the local 
zero level and 228 m with an average of 100 m. Its sur¬ 
face is hummocky and undulated. January is the warmest 
month (monthly mean air temperature 0.7°C, maximum 
8.2°C), and August the coldest (monthly mean air tem¬ 
perature, 16,3°C, minimum -34.5°C, Table 1). The av¬ 
erage wind velocity over many years is around 9.7 m/s. 

As shown in Figure 2, two stations were fixed in the 
lake. Water samples (surface and bottom) were collected 
with the help of Kahlisco bore hole water sampler (11 
capacity) with a thermometer installed in it. Since the 
Priyadarshini lake remains frozen almost for eight to 
nine months every year (from March to November®), 
sampling for present study was done through drill hole 
using a Jeffy ice drill. Sediment samples, for the analy¬ 
sis of microfauna, sediment texture and organic carbon 
were collected with the help of a modified van Veen 
grab, Microfaunal samples were preserved in 70% ethyl 
alcohol. In the laboratory, the samples were washed 
through 63 and 20 pm mesh sieve in filtered freshwater. 
All the animals were sorted, counted and identified to 
the possible taxon level. Particle size analysis of the 
sediment was carried out according to Folk'^ and or- 
ganic content was estimated by the wet oxidation 
method of El Wakeel and Riley^^ 

Analyses of chlorophyll a, dissolved oxygen and pH 
were carried out following the standard methods out¬ 
lined by Grasshoff^^. Surface water temperature was 
measured immediately with the help of deep freezer 
tester (‘Bravo’, accuracy +0.2"C, range, -40.0 to 
+90.0°C). 

The winds at Schirmacher Oasis are normally east¬ 
erly-south easterly during summer. Mean monthly wind 
speed varied from 11 to 22 knots (maximum 92 knots) 
during August 1993. September and October were the 
windiest months. Extreme air temperature recorded at 
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the Maitri station was —34.5°C and +8.2°C (ref. 16). 
Melting of the snow began in October and continued up 
to February with the peak melting occurring during De- 
cember-January. Data on the physico-chemical charac¬ 
teristics of the lake are presented in Table 2 and Figure 
3. Surface water temperature was much higher as 

Table 2. Environmental parameters, sediment texture and biological 
parameters of Priyadarshini lake studied during four antarctic summers 

Austral summers 


Parameter 

1985 

1987 

1992 

1994 

Air temperature (®C) 

-1.6 

5.0 

1.4 

3.8 

Water temperature (surface) 

3.0 

7.9 

4.0 

4.2 

Sediment temperature 

4.7 

9.6 

5.3 

4.8 

pH (bottom water) 

8,1 

8.77 

8.25 

5.6 

DO mg (bottom water) 

10.5 

12.07 

8.5 

8.4 

Salinity (xlO"^) (bottom water) 

0.09 

0.09 

0.15 

0.15 

Sediment characteristics 

Sand (%) 

92.33 

91.07 

90.02 

91,14 

Silt and clay (%) 

7.66 

9.93 

9.98 

8.86 

Organic carbon {%) 

1.07 

1.73 

1.95 

2.05 

Microflora and fauna 

Chlorophyl a mg 

Primary productivity 

0.15 

3.31 

0.28 

0.012 

(mg C m-^h“’) 

2.6 

0.65 

7.0 

3.95 

Faunal density (no. 10 cm“^) 

1639 

2930 

3569 

3489 

Faunal biomass (pg. 10 cm"^) 

737.55 

1318.5 

1826 

1985 





Figure 3. Air and surface water temperature, dissolved oxygen and 
chlorophyll a in the surface water of Priyadarshini lake studied dur¬ 
ing March 1993 to January 1994. 


compared to the air temperature recorded at the same 
time. This was mainly due to the absorption of radiant 
solar energy by water and rock surface around the lake. 
Penetration of solar radiation into water bodies serves 
not only as a source of energy for photosynthesis but 
also determines the thermal regime of the lakes^’^^. 

Comparison of physico-chemical and biological pa¬ 
rameters investigated during four summers is presented 
in Tables 1 and 2. Surface water temperature of the lake 
remained above freezing during the summer months and 
ranged from 1.0 to 7.9°C. As compared to the surface 
water temperature, sediment temperature (upper 5.0 cm 
layer) was much higher ranging from 4.7 to 9.6°C. pH of 
the surface waters ranged from 7.55 to 8.75 and bottom 
water pH ranged from 8.1 to 8.77. As shown in Table 2, 
the lake waters were quite fresh with the salinity values 
ranging from 0.01 to 0.15x10'^. Dissolved oxygen 
(DO) in the surface waters ranged from 8.4 to 
12.07 mg r\ During winter months (April-November), 
when the lake surface was frozen the surface water 
(below the frozen layer) temperature ranged from 
-0.3°C to 3.15°C. Temperature of the bottom water 
ranged from -0.2°C to 4.40°C (Figure 4). Dissolved 
oxygen varied from 8.71 to 12.92 mg 1“^ and did not 
show significant variation during summer and winter, 
suggesting that lake waters remained well aerated, even 
during winter, when the top layer was frozen. 

Freezing of the surface water layer of Priyadarshini 
lake commenced on 23 February 1993 and the lake re¬ 
mained completely frozen till 14 October 1993. Annual 
cycle of ice thickness is shown in Figure 4. The thick¬ 
ness of ice layer varied between 38.5 cm and 191 cm 
(mean = 131.4 + 51.6; n = 9). The maximum ice thick¬ 
ness of 191 cm was recorded on 25 September 1993. 
With an increase in air temperature, melting of ice was 
witnessed on 10 October 1993, resulting in reduction in 
the thickness of ice cover. Accumulated ice from the 
nearby area melts and flows into Priyadarshini lake 
through two small feeding steams. The generation of 
melt water from inland ice as well as snow and firm ice 
fields is remarkable and it helps in regulating the quan¬ 
tity of lake water. There is a substantial annual variation 
in thickness of ice cover, principally related to the win¬ 
ter temperature regime. 

Chlorophyll a (Chl-a) concentration varied from 
0.011 to 0.06 mg m"^ during March-December 1993. 
Surface and bottom waters did not show much differ¬ 
ence except for summer months when Chl-a concentra¬ 
tions were higher corresponding to high photosynthesis 
rate due to continuous illumination. Data on the biologi¬ 
cal components studied during four austral summers are 
presented in Table 2. Chl-a concentration in the surface 
water ranged from 0.012 to 3.31 mg m”^ during 1984 
and 1994. The highest Chl-a value observed in 1987 was 
mainly due to the filamentous algal mat at the lake peri¬ 
phery from where the water sample was collected^. The 
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Figure 4. Seasonal cycle of ice cover in Priyadarshini lake as ob¬ 
served during March to November. 1993. 


primary productivity in the surface water ranged from 
0.65 to 7.0 mg C m”^ h"' and the values were much 
higher during the summer months than the other months 
which were due to the longer sunlight duration. With 
long photoperiod and increased temperature, maximum 
primary production takes place during the austral sum¬ 
mer. However, the critical period for release of most 
essential nutrients from various sources is when the 
snow melts (i.e. onset of the austral summer). 

Table 2 summarizes selected environmental and bio¬ 
logical data collected during 1984-1994. This indicates 
a remarkable increase in sediment silt-clay fraction in 
bottom sediment over a period of 10 years. Organic 
content of the sediments increased from 1.07 to 2.05%. 
Seven taxonomic groups consisting of 15 genera and 
four species of microfauna have been identified from the 
catchment of Priyadarshini lake^'®'®’’^. Population den¬ 
sity of micro-invertebrates ranged from 1639 to 3569 
individuals 10 cm“^ and showed increasing trends during 
the period of observations (Table 2). Increase in popu¬ 
lation of microorganisms was due to increased sedimen¬ 
tation, organic enrichment and silt deposition from an 
inflow of streams'^. The substantial increase in sediment 
silt-clay is attributed to the mineral soil that is eroded 
and gets deposited in the lake. Secondly, the increase in 
human activities such as movements of heavy vehicles in 
and around the station buildings may result in grinding 
of the soft rocks and formation of flux of the suspended 
particles and debris which eventually will settle down in 
to the lake floor. 

While discussing the limnology of Schirmacher Oasis, 
Ingole and Parulekar®’^^ demonstrated the presence of 
rich and diverse population of micro-invertebrates in 
this lake. In addition to this, nine species of bacteria and 
yeasts’, seven species of mosses and blue green algae®, 
and twelve species of lichens'®, occur in the Schir¬ 


macher Oasis. Among birds, a few pairs of Antarctic 
Skua, Tern, Petrel and Addeli Penguin spend some time 
in this dry valley, suggesting the suitability of the envi¬ 
ronment for biological diversity. The increased anthro¬ 
pogenic activities, especially the movement of heavy 
vehicles and personnel around the water bodies where 
moss flora usually develop, could destroy the well- 
developed moss and lichen beds that will take a long 
time to recover. As demonstrated by Ingole and Pa- 
rulekar'’, Davis’®, Everitt’®, Mclnnes and Ellis-Evans”, 
maximum density of the micro-invertebrates was asso¬ 
ciated with the silty sediment, having bacterio-algal 
layer and moss. The algae and moss mat not only pro¬ 
vide food to the metazoan fauna but also refuge and in¬ 
sulation from freezing. 

Atmospheric temperature, surface water temperature 
and temperature of surface sediment from the Priyadar¬ 
shini lake showed large variations between the sampling 
seasons. However, the variations were not significant 
(variance of mean = 4.041, /?< 0.128) and the fluctua¬ 
tions were within the expected range for Antarctic oasis 
environment. Values for dissolved oxygen (DO) in lake 
water were lower in 1992 and 1994 than in 1987, indi¬ 
cating depletion in DO. Significant increase in primary 
productivity and population density of micro- 
invertebrates was observed in 1992 which was attributed 
to the increased silt-clay fraction and organic carbon 
content in the sediment. Microfaunal density and bio¬ 
mass showed interannual variability (p < 0.03) and very 
strong correlation with organic carbon content (r = 0.99, 
p = 0.001) and silt clay fractions of the sediment (Table 
3). The flux of suspended particles and debris through 
melt water contributes to increase in the silt-clay frac¬ 
tion. Secondly, the movement of heavy vehicles in the 
close proximity of the lake may enhance lake sedimen¬ 
tation . As expected, chlorophyll a showed strong rela¬ 
tionship with surface water temperature (r = 0.97, 
p = 0.03). Since the biological activity in Antarctic lakes 
is significantly correlated to the amount and duration of 
ice-free water available to propagate the flora and 
fauna ’ “ , duration of ice cover could be an important 
factor in determining the degree of fluctuations in bio¬ 
logical productivity. 

Since 1982—1983, India’s Antarctic programme has 
seen steady increases in scientific and logistics activi¬ 
ties. Its budget increased from Rs 27.50 million (1982- 
1983) to Rs 140.00 million (1993-1994), a spurt in 
growth that will have an immediate impact in a host of 
new facilities. The research station Maitri, situated on 
the hilly range of Schirmacher Oasis (Figure 5) is 
100 km from the Lazarev ice shelf. It covers a carpet 
area of =253 m’. Construction of the station building has 
greatly altered the local habitat: (i) generation of elec¬ 
tricity results in the emission of gases, waste and dust; 
(ii) possible oil spill from the storage and repair of ve¬ 
hicles and also from the moving vehicles could get 
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Table 3. Correlation matrix between the various environmental and biological parameters (1,2 and 3 = temperature (air, 
water and sediment), 4 = pH, 5 = DO, 6 = sand, 7 = silt and clay, 8 = Organic carbon, 9 = Chlorophyll 10 = Primary 
productivity, 11= Faunal density, 12 = Faunal biomass, n = 4) 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 

2 

0.81 












3 

0.67 

0.98* 

- 










4 

-0.19 

0.37 

0.54 

-- 









5 

-0.87 

0.68 

0.79 

0.66 









6 

-0.46 

-0.24 

-0.15 

-0.05 

0.43 

- 







7 

0.70 

0.65 

0.59 

0.28 

0.01 

-0.89 

- 






8 

0.74 

0.29 

0.11 

-0.44 

-0.51 

-0.83 

0.74 

- 





9 

0.63 

0.97* 

0.99* 

0.57 

0.84 

-0.08 

0.53 

0.53 

- 




10 

-0.28 

-0.59 

-0.64 

-0.21 

-0.87 

-0.63 

0.23 

0.22 

-0.69 

_ 



11 

0.68 

0.20 

0.09 

-0.35 

-0.53 

-0,89 

0.78 

0.99* 

0.02 

0,51 

- 


12 

0.59 

0.07 

0.12 

-0.56 

-0.69 

-0.79 

0.61 

0.97* 

-0.18 

0.57 

0.97* 

- 


*0.1% significance. 



Figure 5. Indian research station Maitri in Schirmacher Oasis, Ant¬ 
arctica, 


accumulated in the lake, and (iii) storing of food, do¬ 
mestic and human waste in and around the station, 
though not intentional, may possibly result in the accu¬ 
mulation of unwanted material into the lake. 

The biological parameters showed a bi-modal pattern 
of fluctuations with one maxima of standing stock oc¬ 
curring in austral summer and the second in spring (i.e. 
late winter). The biological productivity of the lake de¬ 
pends on the availability of ice-free water and increase 
in atmospheric temperature during austral summer and is 
evident from the increased dissolved organic carbon in 
the sediment. The values of the DO in the water column 
were higher during the winter months (May-June and 
October), possibly due to the higher contribution of 
bottom algae in production of DO. However, when 
compared with the earlier (1984-1985) data, it indicates 
that the ecology of the Priyadarshini lake is healthy and 
there has not been much influence of anthropogenic 
changes on the biota in general. 

It can be concluded that the impact of human activi¬ 
ties on the freshwater environment in general was local 
and connected with physical changes in terrain, and 


freeze-thaw cycle. These may have little influence on 
the distribution and dispersion of microfauna. Relatively 
few pairs of Skua and Petral nest in the area, and there 
may be less inter-annual variation in number and loca¬ 
tion of territories and chicks fledged (personal observa¬ 
tions). However, while studying the avian fauna of 
Queen Maud Land area, Chattopadhyay^^ reported that 
‘Schirmacher Oasis has lost its avian densities’. This 
report certainly needs further confirmation with detailed 
investigation on the abundance and distribution of avian 
fauna over Schirmacher Oasis. Chattopadhyay’s remarks 
are alarming and therefore require stringent measures to 
preserve the biodiversity of this sensitive ecosystem. 

The intensity of human activity is increasing every 
year in this dry valley which may inflict irreversible 
damage to the fragile lake ecosystem. Therefore, regular 
monitoring of the lake environment is essential for un¬ 
derstanding better the impact of increasing human ac¬ 
tivity. Hence the sustainable management and 
conservation of the oasis ecosystem should be the first 
and immediate aim of any scientific investigation in the 
Antarctic dry valley. 
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Influence of group density and sex 
ratio on the immune response in the 
tilapia Oreochromis mossambicus 
(Peters) 

M. Ravikumar and R. Dinakaran Michael 

Fish Immunology Laboratory, Postgraduate and Research Depart¬ 
ment of Zoology, The American College, Madurai 625 002 , India 

We report here the modulatory influence of over¬ 
crowding and sex ratio on humoral response to bo¬ 
vine serum, albumin in the fish Oreochromis 
mossambicus. Significant enhancement was found in 
overcrowded groups compared to the control group 
and the enhancement was directly proportional to 
the degree of overcrowding. When the sex ratio and 
the group density were investigated, it was observed 
that there were differences in antibody titres among 
the different sex ratio groups. Except equal sex ratio 
group, all the groups showed enhancement of im¬ 
mune response as a function of overcrowding com¬ 
pared to the control. No immunomodulation due to 
overcrowding was observed in the case of equal sex 
ratio group. These results indicate a possible psy- 
choneuroimmunological basis for the immunomodu¬ 
lation related to sex ratio and group density. 

The immune system is a delicate one, whose response is 
found to change quantitatively on exposure to modula¬ 
tory factors such as overcrowding, environmental pol¬ 
lutants, etc. Generally, overcrowding is considered as a 
stressor having suppressing effects on the immune re- 
sponse\ In the present study we investigated the effect 
of overcrowding and the sex ratio on the immune re¬ 
sponse in O. mossambicus. 

For the experimental animal, the tilapia 0. mossambi¬ 
cus (Peters), a common fresh and brackish water cichlid 
fish was used. Fish weighing 25-30 g were used. Uncon¬ 
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trolled ambient water temperature of the fish tanks was i 
28 ± 1.2°C. Since the daily fluctuation of water tern- ! 
perature was negligible, the temperature was not j 
controlled. Water was renewed daily to avoid possible 
stress due to excretory ammonia. 



Figure 1. Effect of group density on humoral immune response to S- 
BSA. Fish were maintained in different group densities of 6, 12, 18, 
24 and 30 and immunized with 5 mg of S-BSA. Antibody titres were 
quantified by passive haemagglutination assay. Each point represents 
mean + S.E. of 6-8 fish. 
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Figure 2. Effect of sex ratio and group density on humoral immune 
response to S-BSA. Male fish alone were maintained with group 
densities of 6 or 30. All fish were immunized with 5 mg of S-BSA 
and antibody titres were quantified by passive haemagglutination 
assay. Each point represents mean + S.E. of 6-8 fish. 

Bovine serum albumin (BSA) (fraction V powder, 
Sigma, USA) was the antigen used and was given to fish 
through intraperitoneal route with a concentration of 
5 mg BSA/0.2 ml saline. 

Fish were bled serially from the common cardinal 
vein^ using 2 mi glass syringe and 24 gauge needle at 5 
'day intervals after immunization. Blood from the syringe 
was transferred to serology tubes (10 mm dia, 75 mm 
long) and kept at room temperature for 5 min and then 
overnight in the refrigerator. The serum was separated 
by spinning down the clot at 3000 rpm for 15-20 min 
and kept at 57°C in a waterbath for 30 min to inactivate 
complement (classical pathway) and stored at -20°C for 
further use. 

Anti-BSA titres were determined by passive haemag¬ 
glutination assay. BSA was coupled to sheep erythro¬ 
cytes (indicator cells) by chromic chloride as described 
by Michael^, 

Two-fold serial dilutions of the antiserum (50 |LLl/well) 
were made with saline in microtitre plates (Laxbro, 
Pune). To each well 25 p-l of 1% BSA coupled SRBC in 
saline was added. The plate was hand-shaken for 



DAYS POST IMMUNIZATION 

Figure 3. Effect of sex ratio and group density on humoral immune 
response to S-BSA. Female fish alone were maintained with group 
densities of 6 or 30. All fish were immunized with 5 mg of S-BSA 
and antibody titres were quantified by passive haemagglutination 
assay. Each point represents mean + S.E. of 6-8 fish. 



days post immunization 

Figure 4. Effect of sex ratio and group density on humoral immune re¬ 
sponse to S-BSA. Fish were maintained in female dominant ratio 
(female:male = 2:1) with group densities of 6 or 30. All fish were immu¬ 
nized with 5 mg of S-BSA and antibody titres were quantified by passive 
haemagglutination assay. Each point represents mean ± S.E. of 6-8 fish. 
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Figure 5. Effect of sex ratio and group density on humoral immune 
response to S-BSA. Fish were maintained in male dominant ratio 
(malerfemale = 2:1) with group densities of 6 or 30. All fish were 
immunized with 5 mg of S-BSA and antibody titres were quantified 
by passive haemagglutination assay. Each point represents mean ± 
S.E. of 6-8 fish. 



Figure 6. Effect of sex ratio and group density on humoral immune 
response to S-BSA. Fish were maintained in equal sex ratio with 
group densities of 6 or 30. All fish were immunized with 5 mg of S- 
BSA and antibody titres were quantified by passive haemagglutina¬ 
tion assay. Each point represents mean + S.E. of 6-8 fish. 


effective mixing of reagents and incubated for 1 h at 
37°C and for another hour at 10°C. The maximum dilu¬ 
tion of serum samples, which showed detectable agglu¬ 
tination was recorded and expressed as log 2 antibody 
titre of the serum. 

To study the modulatory effect of overcrowding on 
humoral response in O. mossambicus to S-BSA, groups 
of fishes were maintained in increasing order of group 
density, 6, 12, 18, 24 and 30 fish respectively in 5 sepa¬ 
rate tubs (vol. 170 1). A group consisting of 6 fish was 
considered as the control group. 

Investigation on modulation of humoral response in 0, 
mossambicus by sex ratio and group density was done 
by maintaining fishes in 5 different sex ratios at two 
extreme categories of density namely 6 and 30. Different 
sex ratios are, all male, all female, female dominant 
(female and male 2:1), male dominant (female and male 
1:2), and equal sex ratio combinations. 

Figure 1 indicates that antibody response was en¬ 
hanced by overcrowding of fish. The enhancement was 
significant (P < 0.005) and directly proportional to the 
increase in group density. 

Figures 2, 3, 4, 5 and 6 indicate that overcrowding or 
increased group density results in enhancement of im¬ 
mune response in all sex ratio groups except the equal 
sex ratio combination. In equal sex ratio combination, 
the overcrowding does not show any modulatory effect 
on all days tested (P > 0,005). 

The present observations, i.e. occurrence of enhance¬ 
ment in overcrowding situations, do not agree with ear¬ 
lier reports, which have indicated overcrowding as a 
stressor, having suppressive effect on immune response. 
Perlmutter et al} reported that maintenance of fishes in 
overcrowded situations resulted in immunosuppression. 
Similarly. McLeay"* observed a lymphopenic response in 
fish exposed to crowding stress. The interpretation of 
the contradictory finding in the present study perhaps 
lies in terms of psychoneuroimmunology^’^, which is a 
new branch of science dealing with reciprocal interac¬ 
tions among nervous, endocrine and immune systems. 
The occurrence of enhancement of immune response is 
possibly due to certain pheromones exchanged among 
the fish. 

Evidence for the existence of such piscine phero¬ 
mones was given by Pfuderer et alJ. They have ex¬ 
tracted and purified a crowding factor produced by 
fishes in crowded conditions. Pheromones have also 
been shown to modulate the fish immune response^ Co¬ 
hen et al,^ have also provided evidences of such phero¬ 
mones in mice, which caused enhancement of immune 
response in syngeneic animals. 

Further, the differential response observed in different 
sex ratio groups maintained in overcrowded conditions 
is possibly due to the action of (sex) pheromones on the 
immune system. But conclusive evidence for the role of 
pheromones in the present finding can be given only 
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when the nature of psychoneuroimmune interaction in 
fish is delineated when we get more information on the 
fish pheromones and their mode of action on immune 
system. 
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Lamellar angiography, a novel 
method for gill respiratory area 
measurement: SEM of gill corrosion 
vascular replica 

J. Ojha, M. C. Varma and T. K. Ghosh 

University Department of Zoology, T. M. Bhagalpur University, 
Bhagalpur 812 007, India 

Measurement of lamellar dimensions of the swamp 
catfish, Chaca chaca has been made using corrosion 
vascular replica. Advantage of corrosion vascular 
cast for sampling lamellae for their measurements is 
discussed in the light of data obtained from Bouin’s 
fixed materials. 

Fish gill lammellae are the sites for gaseous exchange 
and their measurement is subjected to various methodo¬ 
logical errors because of the heterogeneity in the di¬ 
mensions of a large number of lamellae^ It is 
impossibly difficult to measure the area of all the gill 
lamellae immediately after their removal from the anaes¬ 
thetized fish to obtain the absolute lamellar values. 
Formalin- and Bouin’s-fixed gills are commonly used 
for surface area measurements^. In recent years, 
Bouin’s-fixed gills have been used for lamellar meas¬ 
urements because it fixes and stains as well. Shrinkage 
due to fixation is one of the greatest sources of error. 
The other source of error is the inclusion of nonrespira- 
tory pillar cell system in the lamellar measurements of 
fresh and fixed gills. To get rid of these sources of er¬ 


rors, an attempt has been made to sample lamellae of 
Chaca chaca injected with methyl methacrylate resin for 
estimating only the lamellar blood channels, which are 
the actual functional sites for gaseous exchange. 

Chaca chaca belongs to the family Chacidae of the 
order Siluriformes and is well adapted to hypoxic 
swamp (2 mg 02 /i) infested with macro vegetation and 
decaying organic matter. Live specimens of C. chaca 
were collected from the swamp near Purnia (Bihar), and 
maintained in plastic tanks (40 1) in the laboratory. Live 
specimens {n = 3) of C. chaca were anaesthetized by 
MS 222, ventral aorta was cannulated and phosphate- 
buffered Ringer’s solution with 100 US P/ml heparin, 
was infused at physiological pressure of 30 mm Hg to 
fill the lumen of the cardiovascular system by replacing 
blood. Methyl methacrylate (Mercox) was mixed with 
catalyst and infused also at 30 mm Hg (ref. 3). At the 
onset of polymerization, the ventral aorta was clamped 
and the fish was placed in 60°C tapwater for 2 h to en¬ 
sure complete polymerization. The vascular replica was 
obtained after treating the carcass with 20% NaOH, 
water and 3% HNO 3 . Vascular replicas of gill filaments 
of the sampled fishes were mounted on an SEM stub 
with silver paste, gold sputtered and examined with P- 
SEM 500 scanning electron microscope. 

Scanning electron micrographs (SEMs) of the sampled 
lamellae (n=15) from base, middle and top of the 
filamentar vascular replica were projected on mm^ rec¬ 
tilinear grid to measure their dimensions. The data were 
compared with those from Bouin’s-fixed gills of C. 
chaca (62 ± 2 g) body weight. Paired t test was em¬ 
ployed to test the level of significance between the mean 
lamellar area values of the lamellae sampled from vascu¬ 
lar replica and those from Bouin’s-fixed gills. 

Respiratory and nutritive vascular systems are dis¬ 
cernible in the angioarchitecture of the gill filament 
(Figure 1). The marginal channel and the central vascu¬ 
lar network of a lamella constitute its respiratory part, 
whereas the network of blood channels of the vascular 
replica of the gill filament is its nutritive part. The for¬ 
mer takes care of the gaseous exchange between the O 2 
present in the ambient water and the blood that circu¬ 
lates through the marginal and the central network of the 
lamellar channels and the latter provides nourishment 
and O 2 to the underlying tissues of the gill filaments. 
The afferent and efferent sides of the lamellar vascular 
replica are differentiated, by narrow and wider profiles 
respectively (Figure 1 b). Flow of blood from afferent to 
efferent ends through the vascular network and the up- 
inclined marginal channel results in lower velocity of 
blood flow, which allows the haemoglobin greater O 2 
loading from the counter-current flow of ventilating 
water from leading to trailing edges of the inter-lamellar 
spaces. The total vascular area of an average lamellar 
replica is about 0.11328 ± 0.01011 mm^. This value is 
significantly (P < 0.005) higher (63.298%) than the 


CURRENT SCIENCE, VOL. 74, NO. 6, 25 MARCH 1998 


537 



RESEARCH COMMUNICATIONS 



Figure 1. a, SEM of a part of gill filament vascular cast showing 
afferent filamentar artery (afa), central venous sinus (cvs), filanaentar 
vein (fv) and lamellar vascular cast (Ivc), bar = 90 pm. 6, SEM of a 
lamellar vascular cast (Ivc) showing afferent lamellar arteriole (ala), 
efferent lamellar arteriole (ela), inner margin (im) and marginal 
channel (me) of a lamella, bar = 42 pm. c, SEM of a part of lamellar 
vascular cast showing position of pillar cells (ppc), bar = 21 pm, d, 
SEM of parts of three lamellar vascular cast showing marginal chan¬ 
nels (me), their ramification (arrows) and the position of pillar cells 
(arrowheads), bar = 12 pm. 

value (0.06937 ±0.01633 mm^) obtained from Bouin’s- 
fixed lamellae of about 62 ± 2 g Chaca^. Out of the total 
angio-lamellar replica area (0.11328 ± 0.01011 mm^), 
about 39% (0.04458 ± 0.01011 mm^) is occupied by 
pillar cell system (6721 mm^) and the remainder (61%) 
(0.06937 ± 0.01633 mm^) by blood channels. Out of the 
total blood channel area (0.06937 10.01633), about 
30.6% is occupied by the marginal channel and 69.4% 
by a network of central lamellar blood channels. 30.6% 
of the blood flow through the marginal channel is of 
great respiratory importance because of its smaller wa¬ 
ter-blood diffusion distance and greater diffusing ca¬ 
pacity in comparison to the other parts of the gill 
lamellae^. The 39% pillar cell system does not partici¬ 
pate in gaseous exchange and therefore should not be 
considered for the measurement of total respiratory area 
of a lamella. Measurement of total respiratory lamellar 
area of fresh- and fixed-gills includes the pillar cell 
system also and overestimates the respiratory surface. 
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From the above findings it may be suggested that meas¬ 
urements of gill area should be made with the help of 
bilateral surface area of the lamellae sampled from cor¬ 
rosion vascular replica of the gill filaments. 
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Regeneration of Indian cotton 
variety MCU-5 through somatic 
embryogenesis 

Shashi Kumar and Deepak Rental* 

Department of Genetics, University of Delhi South Campus, 

Benito Juarez Road, New Delhi 110 021, India 

In vitro regeneration by somatic embryogenesis is 
highly varietal specific in cotton (Gossypium hirsu- 
turn). Highest frequency of regeneration has been 
reported in Coker varieties. However, even within 
Coker varieties, there is seed to seed variation for 
regeneration^’^. There is no report of in vitro regen¬ 
eration of major Indian cultivars through the so¬ 
matic embryogenesis pathway. We report here 
identification of genotypes within variety MCU-5 
that regenerate profusely by somatic embryogenesis* 
This variety is extensively grown in the southern cot¬ 
ton zone of India. Regeneration by somatic embryo¬ 
genesis has been achieved by a modification of the 
earlier in vitro culture protocols of Trolinder and 
Goodin^ and Firoozabady and DeBoer"*. Complete 
plants could be regenerated through somatic em¬ 
bryogenesis from hypocotyl explants in 6-7 months, 

Somatic embryogenesis was first observed by Price and 
Smith^ in Gossypium koltzchianum but no plantlet re¬ 
generation was reported. Shoemaker et al,^ described 
somatic embryogenesis and plant regeneration in G. hip 
sutum CVS Coker 201 and 315. Since then, significant 
progress has been reported in the regeneration of Coker 


*For correspondence. E-mail:Gen@DUSC.ernet.in. 
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genotypes by Trolinder and Goodin^’^’®, Finer^ and Firooza- 
bady and DeBoe/. Cultivars T25 (ref. 2), GSA 78 (ref. 4) 
and Acala^^ have also been shown to regenerate but at fre¬ 
quencies lower than those reported for Coker cultivars. 

We have earlier reported the development of a pure 
line for regeneration in Coker 310 (Kumar et al, sub¬ 
mitted). This pure line (Coker 310FR) was crossed with 
the varieties most extensively grown in India. The FIs 
of all the crosses except interspecific cross G. hirsutum 
Coker310FR X G. harbadense, regenerated by somatic 
embryogenesis. While it is now possible to introgress 
the trait of regeneration into Indian varieties, it would 
be more useful if these varieties could be regenerated 
without any input from Coker 310FR. Here we report a 
protocol for the in vitro regeneration of MCU-5, an im¬ 
portant cotton variety of southern India. 

Seeds of MCU-5 were delinted and sterilized by dip¬ 
ping in 70% ethanol for 2 min, followed by 8 min treat¬ 
ment with sodium hypochlorite solution containing 
approximately 4% available chlorine followed by treat¬ 
ment with 0.1% mercuric chloride solution (w/v) for 
5 min. After surface-sterilization and 4-5 washes with 
sterile water, seeds were kept in sterile water for 4-5 h 
for softening the seed coat which was completely re¬ 
moved before placing the seeds on half-strength MS 
medium (1/2 MST) for germination. 

Hypocotyl explants (3-4 mm long) of 5-day-old seed¬ 
lings were placed vertically on different media for the 
induction of callus. Each seedling provided 10-12 ex¬ 
plants. For the induction of somatic embryogenesis, 
protocols of Trolinder and Goodin^’® and Firoozabady 
and DeBoer"^ with some modifications were followed. 
Explants derived from a single seedling were equally 
distributed on the two media. Except 2iP (6-y-y- 
dimethylallyl aminopurine), all the other plant 
growth regulators (a-naphthaleneacetic acid; 2,4- 
dichlorophenoxyacetic acid and kinetin) were added 
prior to autoclaving. All media were prepared with MS 
salts^\ MS media with suffix T contain vitamins used by 
Gamborg et with suffix F contain 100 mg/1 myo¬ 
inositol and 0.4 mg/1 thiamine HCl and with suffix G 
contain 100 mg/1 myo-inositol and 0.1 mg/1 thiamine 
HCl. The pH of the media was adjusted to 5.8-5.9. 
Some of the media, i.e. 1/2 MST, MSG, MSGl and 
MSG2 were solidified with 0.8% w/v agar (Hi Media). 
Rest of the media were solidified with 0.2% w/v phy- 
tagel (Sigma) with additional 0.8 g/1 magnesium chlo¬ 
ride, Somatic embryos that had germinated were placed 
in 500 ml jars containing 1/2 MST medium for 2-4 
weeks to recover plantlets. All the in vitro experiments 
were conducted under controlled environmental condi¬ 
tions (temp 28 ± 2°C, 750 lux light at the culture level; 
16 h light, 8 h dark period). Hardening of the plantlets 
was carried out in pots containing mixture of vermicu- 
lite, soilrite and garden soil in 1:1:1 ratio. During the 2- 
week hardening period, in the first week, plants were 


Hypocotyl explants 

5-day old (4-6 mm long) 

MSF1 (0.1 mg/I NAA + 5.0 mg/I 2jP) 
8-10 weeks Callus 

MSF2 (5.0 mg/I NAA + 0.1 mg/I 2iP) 
7-8 weeks |^Proembryogenic callus 
MSF 

2 weeks Embryos 

MSG1* (0.1 mg/l kinetin) 

2 weeks Shoot elongation 

MSG* (0.15% Activated charcoal) 

1 week Root initiation 

MSG2* 

1 week Plantlet 

1/2MST* 

2-3 weeks I Plant 


Field 


Figure 1. Protocol for regeneration of Gossypium hirsutum variety 
MCU-5 through somatic embryogenesis. This protocol is a modifi¬ 
cation of the protocol used by Firoozabady and DeBoer (FD)"^. Media 
with asterisk are different from those used in the FD protocol. 



Figure 2. Somatic embryos differentiating from hypocotyl explant de¬ 
rived callus of Gossypium hirsutum variety MCU-5. 


covered with a polythene bag for maintaining high hu¬ 
midity and plants were irrigated with progressively re¬ 
duced concentrations of MS medium followed by 
irrigation with tap water in the second week. 
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Table 1. In vitro somatic embryogenesis in the progeny plants produced from the selfed seed of G. hirsutum cv. MCU-5V 

plant with FD and MTG protocols 


Seedling 

number*’ 


FD protocol^ 



MTG protocol’’ 

Number of 
explants per 
seedling 

% explant 
response 

Average number 
of embryos*’ 

Number of 
explants per 
seedling 

% explant 
response 

Average number 
of embryos*’ 

1 

6 

0 

0 

6 

0 

0 

2 

5 

0 

0 

5 

0 

0 

3 

6 

66.66 

18.80±3.91 

6 

0 

0 

4 

6 

0 

0 

6 

0 

0 

5 

7 

85,71 

27.33 ± 5.49 

7 

71.16 

17,16 + 2.60 

6 

2 

0 

0 

2 

0 

0 


“Modified protocol from ref. 4 as described in Figure 1. 

’’Modified protocol from ref. 3. 

‘’Explants derived from each seedling (numbered as 1 to 6) were randomly distributed in equal numbers on the media of 
two protocols. 

‘’Mean of somatic embryos per explant (mean + SE). 


In 1996, nine individual plants of MCU-5 (MCU-5 I-IX) 
were grown in the field. Four plants namely MCU-5 II, 
MCU-5 V, MCU-5 VI and MCU-5 IX were tested for in 
vitro regeneration following the FD (modified from ref. 4) 
•and MTG protocols (modified from ref. 3; Kumar et aL, 
submitted). Hypocotyls derived from each seedling were 
equally distributed amongst the media of the two protocols. 
Only some of the progeny of plant MCU-5 V showed re¬ 
generation with modified FD protocol (Figure 1). Out of the 
6 seedlings that were tested, explants derived from two 
seedlings regenerated through somatic embryogenesis 
(Figure 2 and Table 1). Explants from the same seedlings 
tested with MTG protocol showed poorer response as 
compared to response with FD protocol Out of the 6 seed¬ 
lings, only one showed somatic embryogenesis when cul¬ 
tured following the MTG protocol. Only progeny of 
MCU-5 V plant showed any regeneration response (Table 
1), progeny of MCU-5 II, MCU-5 VI and MCU-5 IX plants 
did not show any morphogenesis with either of the two 
protocols. 

Somatic embryos of MCU-5 showed abnormalities at 
the radicle pole. To regenerate normal plants from these 
embryos, the radicle end was excised and the embryos 
were placed on MSGl medium containing 0.1 mg/1 ki- 
netin for 2 weeks. The elongated shoot apices, were 
placed on MSG2 medium containing 0.15% activated 
charcoal and MSG basal medium for root initiation. Out 
of the 43 somatic embryos excised at the radicle end and 
placed on 0.1 mg/1 kinetin containing medium, 36.71% 
developed shoots out of which 88% formed roots. The 
plantlets, before hardening in pots, were placed in 
500 ml glass jars for 2-3 weeks on 1/2MST medium at 
2250 lux light intensity, for vigorous growth of 
plantlets. The complete protocol for,regeneration of so¬ 
matic embryos into plantlets is given in Figure 1. 

Somatic embryogenesis from the embryogenic callus 
on MSF medium could be improved by putting embryo¬ 
genic callus masses in MST liquid medium containing 


0.3% activated charcoal (incubated on a shaker set at 
120 rpm) for 1-2 weeks, wherein small embryos sepa¬ 
rated and elongated properly. 

With the identification of genotypes in MCU-5 that show 
the ability to regenerate by somatic embryogenesis, it 
should be possible to develop a pure line in MCU-5 for the 
trait of somatic embryogenesis. This is being pursued by 
two strategies. In one of the approaches we have selfed the 
plants derived from the somatic embryos and the progeny 
will be tested for regeneration by somatic embryogenesis 
till the time, in the successive generations, a pure line is 
identified that will not be segregating for this character. In 
the other approach, embryo-derived plants have been 
crossed with the progeny of MCU-5V plant. The latter ap¬ 
proach would allow production of lines which are not im¬ 
paired by any culture-induced variation. A preliminary 
study shows that hypocotyl explants of MCU-5 can be 
readily transformed with Agrobacterium-h 2 iSQd binary vec¬ 
tors, thereby opening the way for genetic engineering of a 
major cotton variety of India. 
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Discovery of silicified microfossils from 
the Kliatpul Formation, Shali Group 
(Neoproterozoic), H.P., India 

Vibhuti Rai* and Rajita Gautam 

Department of Geology, University of Lucknow, Lucknow 226 007, 
India 

Well-developed organic walled microfossils of cyano- 
bacterial affinity are recorded for the first time from 
the bedded and stromatolitic chert units of the Shali 
Group (Neoproterozoic). The present discovery en¬ 
hances our knowledge of the palaeobiology of the Shali 
Belt which has so far yielded only stromatolites. The 
association of these silicified microfossils with columnar 
stromatolites signifies the close ecological relationship 
between the two. A correlation of the Shali Belt with 
adjacent belts of the Lesser Himalaya has been dis¬ 
cussed in the light of the present discovery. 

The Proterozoic time span represents major events related 
with diversification of life that later gave rise to the Phan- 
erozoic explosion of life. The Mesoproterozoic to Neopro¬ 
terozoic span characterizes the initial diversification 
amongst the microbial community. However, due to limited 
number of fossiliferous horizons, a comprehensive picture 
of the biologic evolution across this time interval is yet to 
emerge. In the light of this, all such records that can provide 
us additional data, bear significance in order to testify the 
various evolutionary models specially those from widely- 
spaced basins and those which can strongly support the 
regional correlation. The focus of the present report is, 
therefore, on the discovery and significance of organic- 
walled microfossils from the silicified calcareous horizons 
of the lower part of the Shali Group in the Mandi district of 
Himachal Pradesh. An attempt has also been made to de¬ 
scribe the biota and discuss its utility in correlating widely- 
spaced coeval basins. 

In the Himalayan range, a number of structural belts exist 
all along its regional E-W trend, several of which show 
deposition during the Proterozoic time span. Amongst the 


Table 1. The lithostratigraphy of the Shali succession 


Basantpur Formation 


Bandla Formation 

250 m (ref. 2) 

250 m (ref. 10) 


Parnali Formation 

700 m 

608 m 


Makri Formation 

180 m 

140 m 

Shali 

Tattapani Formation 

610 m 

630 m 

Group 

Sorgharwari Formation 

460 m 

390 m 


Khatpul Formation 

300 m 

250 m 


Khaira Formation 

380 m 

390 m 


Ropri Formation 

400 m 

77 m 


-Unconformity/ Tectonic- 



Sundernagar Group 


1,830 m 


*For correspondence, (e-mail: vibhutirai@hotmail.com.) 


important belts, the Shali, Larji, Deoban and Garhwal 
represent the Inner Sedimentary Belt while the Krol Belt 
represents the Outer Sedimentary Belt. The Shali Belt 
succession (Shali Group) (Figure 1 a; Table 1) repre¬ 
sents an important part of the Lesser Himalayan Inner 



1 KHAIRA 


KHATPUL 

1 Formation 

Formation 


I SORGHARWARI 


TATTAPANI 

1 Formation 


Formation 


Figure 1. Map of the fossil-yielding locality, a. Distribution of 
Shali Belt; b. Geological map of the area .showing microfossil-yield¬ 
ing localily' (marked by star). 



Figure 2. Lithocolumn of the Khatpul Formation showing different 
sedimentary features along with chert-bearing horizons , 1, Thin 
band of red shale and orthoquartzite; 2, Sandy dolomite; 3, Lami¬ 
nated dolomite with chertified stromatolitic bands and quartzite; 4, 
Massive structureless dolomite with columnar stromatolites and 
cryptalgalaminites; 5, Intraformational dolomite breccia; 6, Lami¬ 
nated dololutites and grey to pale-pink quartzite; 7, Grey bedded 
dolomitic limestone with sporadic grey shale partings. Star indicates 
fossiliferous chert-bearing horizon. 
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Sedimentary Belt with its deposition taking place during 
the early part of Neoproterozoic time span. The succes¬ 
sion, which is developed in calcareous and terrigenous 
clastic facies, shows strong facies resemblance with ad¬ 
jacent belts of Larji, Deoban and Garhwal. On account 
of undisturbed nature of the sequence with well- 
preserved sedimentary features, an attempt was made to 
understand the bio-sedimentology of the succession. 
Although preliminary work related with the lithos- 
tratigraphy, geological mapping and broad depositional 


framework was available no further detailed work has 
so far been carried out in the area. 

The Shali Group has been assigned an age on the basis 
of its position above the Sundernagar Group (a sequence 
of quartzites, slates, phyllites and volcanics, that has 
been dated as 1190 + 35 Ma by K/Ar method^). On a 
biostratigraphic scheme"^, the calcareous units of the 
Shali Group have shown the development of well- 
preserved stromatolites with two distinct assemblages, 
The lower zone is represented by Collenia columnaris, 
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C. buriatica, C, baicalica and C. symmetrica, whereas 
the upper zone is represented by Jurusania^''^ . On the 
basis of this assemblage, Valdiya suggested an age 
ranging from Middle Riphean to Upper Riphean for the 
entire sequence^. In another study'^’^ the stromatolite 
form genera Tungussia, Conophyton cylindricus, Col- 
onnella and Newlandia were recorded from Shali and 
Larji successions and an age assignment of Middle 
Riphean was deduced for the sequence. Lately, an age 
assignment of Lower to Middle Riphean was suggested^ 
on the basis of stromatolite assemblage for the Shali 
succession. 

During the course of the preliminary study of the co¬ 
lumnar stromatolites, it was observed that these are rep¬ 
resented by a host of morphologies. Amongst the 
predominating morphologies, 10-20 cm high, 7-10 cm 
wide cylindrical forms are common. These can be com¬ 
pared with form genus Colonnella. A few conical¬ 
shaped forms show faintly developed central columnar 
region with peripheral conical lamination and can be 
ascribed to stromatolite form genus Conophyton. A few 
forms show elongated columns with smooth surface and 
simple branching pattern. These occur as parallel col¬ 
umns growing perpendicular to the bedding. These 
structures are comparable to Kussiella kussiensis. Large 
10-20 cm high and 20-35 cm wide ‘cabbage-shaped’ 
algal mounds with convex lamination pattern are com¬ 
monly found within these horizons. They are similar in 
morphology to form genus Cryptozoon. Some of the 
stromatolitic horizons as well as cryptalgalaminites are 
partially silicified. The silicified microbiotic fossils are 
mainly recorded from the Colonnella type stromatolites 
as well as cryptalgalaminites. 

Apart from the above biotic evidences, no other pa¬ 
laeontological data has so far been reported from the 
Shali succession. During a recent visit to the Bilaspur- 
Sundernagar area, we collected a few partially silicified 
stromatolites besides a few bedded black chert samples. 
These samples have shown the preservation of well- 
developed micro-floristic fossils. Since the silicified 


specimens are considered to represent the best possible 
preservation (specially in comparison with macerated 
specimens) by way of their syn-sedimentary fossiliza- 
tion, their record bears much significance. The newly- 
discovered microfossils are represented by filamentous, 
coccoidal, cylindrical and spindle-shaped forms and 
show close similarity with a few other Neoproterozoic 
successions around the world. 

As a preliminary investigation, a small stretch of the 
terrain was selected in the Mandi district of Himachal 
Pradesh where the lower part of the Shali Group 
(Figure 1 b) was well exposed on the National Highway 
No. 21 between Bilaspur and Sundernagar in the vicinity 
of Harkhar Bari and Slapper bridge. Steeply dipping 
beds with occasional exposures of bedding planes show 
abundant sedimentary features. These features include 
ripple-marks, cross-bedding, mud-cracks, lobate rill- 
marks and herring-bone cross-stratification. In the car¬ 
bonate sequence, the beds are cream to grey with occa¬ 
sional presence of oolitic and intraclastic horizons. 
Well-developed domal stromatolites are observed in 
various horizons. A few fenestral-algal laminated hori¬ 
zons are also observed. On the basis of these structures, 
a shallow marine environment is inferred for the lower 
part of the sequence with its domain within the intertidal 
realm. 

The lithostratigraphy of the Shali succession^’^^ is 
shown in Table 1. The microfossil-bearing cherts have 
been recorded from the Khatpul Formation which con¬ 
formably overlies the Khaira Formation (pink ortho¬ 
quartzite) and underlies the Sorgharwari Formation (a 
thinly-bedded sequence of pink limestone and shales). 
The Khatpul Formation (Figure 2) is a thick sequence of 
grey dolomite with characteristic red shales at its base. 
These dolomites show well-developed oolitic horizons, 
intraclastic layers and algal-fenestral facies indicating 
towards intertidal to supratidal depositional environ¬ 
ment. The stromatolitic horizons are characterized by 
domal columnar structures with their cross-section 
showing circular to elliptical shape. 


Figure 3. Scale in all forms equals 10 |xm (bar given in/), a, S. No. Shali 2 (E. F. No.-K 26/2, co-ord.-10.8 X 57.1), Cross-section of a fila¬ 
ment with inner tube showing a notch at one end. b, S. No. Shali 1 (E. F. No.-J 22/1, co-ord.-15.3 X 58.2), Coccoidal form comparable to 
Gloeodiniopsis showing two layers with a dark body occurring on the left side of the vesicle cavity, c, S. No. Shali 2 (E. F. No.-L 27/1, co¬ 
ord.-10.4 X 56.5), Ring-shaped coccoidal form comparable to Globophycus. d, S. No. Shall 2 (E. F. No.-K 27/0, co-ord.-10.3 X 56.9), Two 
overlapping spheres with irregular, crenulated margins resembling Xenothrix. e, S. No. Shali 2 (E. F. No.-N 25/3, co-ord.-12.5 X 54.2), Oval¬ 
shaped solitary cells of Myxococcoides.f, S. No! Shali 1 (E. F. No.-T 23/1, co-ord.-14.3 X 48.7), Myxococcoides with granular surface texture, 
g, S, No. Shali 1 (E. F. No.-J 29/3, co-ord.-8.9 x 57.7), Myxococcoides with thick wall, h, S. No. Shali 1 (E. F. No.-H 21/4, co-ord.- 
16.0 X 58.6), A cluster of five coccoidal cells with thick dark walls and centrally located intracellular mass, i, S. No. Shali 1 (E. F. No. K 
21/4, co-ord.-14.9 X 56.8), Archaeotrichion. The illustrated length of the filament is partial, the actual length of the specimen is 200 pm./, S. 

4^ No. Shali 1 (E. F. No.-J 22/0, co-ord.-14.9 X 57.9), Conical vase-shaped form with terminal aperture clearly seen (marked by arrow), k, S. No. 
Shali 1 (E. F. No.-J 28/0, co-ord.-9.3 X 58.4), Specimen comparable to genus Xenothrix with a central curved tube connecting two spherical 
ends, / S. No. Shali 1 (E. F. No.-T 20/0, co-ord.-17.1 X 48.5), U-shaped form with the upper part showing clearly rounded end. m, S. No. 
Shali 2 (E. F. No.-P 26/4, co-ord,-ll.l X 51.9), Triangular specimen with two large adjacent cells and a terminal triangular cell, n, S. No. 
Shali 2 (E. F. No.-P 20/4, co-ord.-16.4 X 51.8), Cylindrical filament showing network of cells, o, S. No. Shali 2 (E. F. No.-K 26/4, 
co-ord.-l 1.1 X 56.7), Part of a filament with trichome preserved within the sheath./?, S. No. Shali 2 (E. F, No.-M 19/0, co-ord.-18.1 X 55.3), 
Spindle-shaped filament comparable to Bactrophycus, showing some organic inclusions, q, S. No. Shali 2 (E. F. No.-J 24/1, co-ord.- 
13,5 X 58.3), Dark cylindrical filament of Eomycetopsis. r, S. No. Shali 1 (E. F. No.-L 22/2, co-ord.-15.0 x 56.5), Septate filament (septa 
marked by arrow) with a terminal cell seen on the right side, s, S. No. Shali 2 (E. F. No.-L 27/1, co-ord.-l0.3 X 56,5), Spindle-shaped Bactro- 
phycus with granular walls and some organic inclusions. /, S. No. Shali 1 (E. F. No.-K 23/1, co-ord.-l4.4 X 57.4), Large rod-like filament with 
tapering ends, comparable to Archaeoellipsoides. m, S. No. Shali 2 (E. F, No.-H 27/3, co-ord.-10.7 X 58.6), Part of Eomycetopsis sheath. 


CURRENT SCIENCE, VOL. 74, NO. 6, 25 MARCH 1998 


543 


RESEARCH COMMUNICATIONS 


All the thin sections have been housed in the museum 
of the Department of Geology, University of Lucknow, 
Lucknow. The photomicrographs have been taken on the 
Nikon OPTIPHOT-POL microscope using the oil im¬ 
mersion objective - 100 X. The England Finder Num¬ 
bers along with the co-ordinates for all the specimens 
are given in the description of the Figure (Figure 3). 

The microbial assemblage is represented by filamen¬ 
tous, coccoidal and irregular, vesicle-shaped forms 
showing a wide variation in morphology. However, a 
few forms amongst all the taxa recorded have not been 
illustrated. The most abundant forms are filamentous, 
showing variation in shape from simple tubular to cylin¬ 
drical, spindle-shaped and rod-shaped. They occur 
mainly as solitary forms but a few poorly-preserved 
broken clusters are also seen. The most commonly oc¬ 
curring filamentous forms include species of Archaeo- 
trichion (Figure 3 i), Eomycetopsis (Figure 3 q, u) and 
Siphonophycus with the filament width being < 1 pm, 
between 2-3 pm and > 4 pm respectively. Archaeo- 
trichion with broken ends, measuring up to 200 pm in 
length is the longest recorded form from this assemblage 
(Figure 3 i). The next most abundant form is cylindrical 
■in shape with tapering ends, comparable to Bactrophy- 
ciis (Figure 3 /?, s). A few of these specimens show some 
organic inclusions while most are smooth and empty. 
Another type of filamentous form is represented by 
large-sized ellipsoidal envelope with broad rounded 
ends, containing some clotted inclusions and ranging in 
length from 22 to 28 pm and in width from 7 to 9 pm. 
These forms are comparable to Archaeoellipsoides 
(Figure 3 0- A few specimens of genus Eosynechococ- 
cus with small rod-like bodies, 3—4 pm long and ~1 pm 
wide are also recorded. In one of these specimens, three 
such bodies are linked together forming a chain. An¬ 
other interesting form is represented by- non-septate, 
dumb-bell shaped microfossil with spherical ends con¬ 
nected by a curved tube. The surface texture is finely 
reticulate to granular (Figure 3 d, k). These forms can be 
ascribed to genus Xenothrix. Two U-shaped filamentous 
forms with sharp tapering ends are also recorded 
(Figure 3 /). For a few morphotypes, only a single 
specimen has been observed. One of such forms is 
spatula-shaped with one end broad and flat and the 
other tapering and narrow. Another partly-preserved 
specimen shows a non-septate trichome preserved within 
a thick outer sheath (Figure 3 o). Cross-section of 
filament showing inner ring depicting trichome is also 
recorded (Figure 3 a). In another specimen, cylindrical 
filament shows a network of cells within the main 
body (Figure 3rt). In yet another specimen, a septate 
filament (septa marked by arrow) with a well deve¬ 
loped terminal cell is seen with smooth margins 
(Figure 3 r). 

The coccoidal forms comprise the next most abundant 
group of microfossil assemblage from Shali. These oc¬ 


cur mostly as small solitary spheres, <6 pm in diameter, 
referable to well-known taxa like Myxococcoides 
(Figure 3 e, /, g), Gloeodiniopsis (Figure 3 b) and Glo- 
bophycus (Figure 3 c). Colonial forms are rare but a 
partly-preserved colony with five cells preserved in two 
rows is recorded (Figure 3 h). This form is comparable 
to genus Gloeodiniopsis. Large coccoidal bodies occur¬ 
ring embedded within a mucilaginous sheath also form a 
component of the microbial assemblage as is evident 
from spongy mdt-like structures with circular to semi¬ 
circular empty spaces (indicating possible position of 
coccoids), scattered randomly within the thin section. 

The irregular vesicle-shaped forms comprise a rare 
component of the assemblage with individual specimens 
showing varied shapes and sizes. A very distinctive form 
is pear-shaped in which two large cells occur adjacent to 
each other and a third smaller triangular cell protrudes 
from behind and above the two (Figure 3 m). This form 
is large in size, measuring 30 pm at base and - 30 pm in 
height. Another conical vase-shaped form with a termi¬ 
nal aperture is also characteristic of the assemblage 
(Figure 3j). Apart from this, a few vesicles -20 pm in 
diameter and with undulating curved edges also occur in 
the assemblage. 

Such diverse assemblage of microfossils from the 
Shali Group compares with the Middle Proterozoic to 
Early Neoproterozoic assemblages from Wumishan 
Formation of Jixian Group in China^\ the Bitter Springs 
Formation of Central Australia^^ and Vindhyan Super¬ 
group of Central India^^. 

Microfossil records from bedded chert units of early 
Neoproterozoic age are very rare in the world. Any new 
discovery provides crucial information about the level and 
extent of evolution in the biospheric domain. The present 
discovery from the lower part of the Shali succession of the 
Inner Sedimentary Belt of the Lesser Himalaya is the third 
record of microbiota from the bedded black chert horizons, 
the other two being from the Deoban Group of the Gai'hwal 
Himalaya^^-^^ and from the Jammu Limestone^l This dis¬ 
covery has opened up new vistas of study in the area, spe¬ 
cially in the field of biostratigraphy, as no conclusive fossil 
evidences were so far recorded from the present sequence. 
Although the composition of the biota presently recorded 
during the course of this preliminary study does not neces¬ 
sarily indicate any age diagnostic form, a future study in the 
area would possibly generate enough data in establishing an 
age constraint for the biostratigraphic scheme of the Shali 
Group. However, the absence of acritarchs and any charac¬ 
teristic Vendian taxa suggests an age confined to Riphean 
only. This contention is also supported by earlier studies 
being carried out on the stromatolitic assemblage of the 
Shali succession. The record of some of the described 
forms from the chertified laminae of the columnar stroma¬ 
tolites strongly suggests a common evolutionary niche and 
palaeoecological setting where the microfossils influenced 
the stromatolitic growth and development. The chertified 
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microbiota from the Deoban Group represent a highly di¬ 
versified assemblage (a record of over twenty-two taxa) 
whereas the microbiota from the Jammu Limestone^^ al¬ 
though limited in number, represent quite an evolved com¬ 
munity. A cursory comparison of all the three assemblages 
suggests that the Deoban micro-floristic community possi¬ 
bly represents slightly younger elements in comparison to 
those from the Shali succession, and those from the Jammu 
Limestone may still go higher up in the evolutionary ladder. 
It is therefore suggested that amongst the several tenains of 
the Lesser Himalayan Inner Sedimentary Belt, the coeval 
nature of the various sequences needs re-examination for 
their regional correlation which should be based on a firm 
biostratigraphic scheme. 
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The effect of physico-chemical 
parameters on the erosion of 
monumental stones of Orissa 

J. S. Bhargav, R. C. Mishra and C. R. Das 

Department of Chemistry, B.J.B. College, Bhubaneswar 751 014, 
India 

Old stone monuments situated in Bhubaneswar, capi¬ 
tal city of Orissa, India, were built during 7th cen¬ 
tury A.D. to 11th century A.D., using sand stones of 
Gondwana age. The present study deals with the ef¬ 
fects of various physico-chemical parameters on the 
erosion of a variety of sandstones used in the con¬ 
struction of these monuments. Experiments were 
carried out to study leaching of these stones under 
neutral and acidic media and the salt , attack tests 
performed under controlled conditions in the labora¬ 
tory, The results of these studies will help to provide 
an effective method of protecting these old stone 
monuments from environmental deterioration due to 
various physico-chemical parameters. 

The temple city of India, Bhubaneswar abounds with 
hundreds of temples of cultural heritage. These temples 
are built up of blocks of sandstone of Gondwana age. 
All the temples constructed between 7th and 11th cen¬ 
tury A.D. are built up of varieties of siliceous and fer¬ 
ruginous sandstones. Visual observations showed that 
different stone blocks on a particular face of a monu¬ 


ment, exposed to similar environmental condition, have 
weathered to varying degrees. This shows that pattern of 
weathering and resistance of the stones towards weather¬ 
ing conditions, change with the variety of stones used. 

A detailed survey carried out on all the stone monu¬ 
ments present at Bhubaneswar revealed that three varie¬ 
ties of stones were predominant: red, white and yellow. 
While the red and yellow varieties, which were locally 
known as Rajarania were mostly medium grained, the 
white variety was found both in coarse and fine grained, 
of which the fine grained was more widely used. 

Mineralogically all the three stones can be classified 
as sublithic arenites. Petrological studies showed that 
these stones were dominant in quartz and feldspar. 
Heavy minerals like zircon were noticed apart from 
opaque minerals. The cementing material was mostly 
ferruginous and not calcic^ (the stones failed to give 
effervesence with concentrated HCl). 

Based on the results of this study, three sandstones 
(red, yellow and white) were identified for carrying out 
experiments under simulated conditions in the labora¬ 
tory. 

A study conducted^ on the quality of rain water at 
Bhubaneswar revealed that the ions precipitated from 
the atmosphere of Bhubaneswar were NOs”*, SO/", Cl", 
Ca^'*', Mg^'^, Na'^, K'*', etc. A well-known source of most 
of these ions is the Bay of Bengal (about 30 km towards 
east of Bhubaneswar) while the NO 3 " ion is mainly pro¬ 
duced from the oxides of nitrogen^. The formation of 
NO 3 " in the atmosphere indicates clearly the chances of 
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formation of micro quantities of nitric acid (HNO 3 ) 
during the oxidation step"^’^. Acidic conditions are also 
created by some autotrophic bacteria, which produce 
HNO 3 . Biodeteriogens such as fungi^’^ and lichens®’^ 
present on the monuments of Bhubaneswar, are also 
known to produce organic acids. 

Therefore it is clear that these monuments are affected 
by a combination of natural and man-made environ¬ 
mental factors termed as physico-chemical parameters. 
The natural factors involve the variation in temperature, 
water, sand-laden air, precipitation of sea salts from the 
atmosphere and the acidic conditions created by the bio¬ 
deteriogens on the stone surface. 

The man-made sources generally involve the wet and 
dry deposition of the pollutant gases on the stone sur¬ 
face. The main source of these gases at Bhubaneswar is 
the vehicular traffic and to a lesser extent the emissions 
from a few industries located at a distance of about 20 to 
25 km from the city. 

Hence keeping in view the above-discussed environ¬ 
mental conditions to which the monuments of Orissa 
(particularly at Bhubaneswar) are exposed, various labo¬ 
ratory experiments were performed on the three selected 
monumental stones.^ Salt attack tests and the leaching 
tests under acidic and neutral conditions were con¬ 
ducted. All the experiments were conducted under ac¬ 
celerated weathering conditions. 

To determine resistant characteristics of monumental 
stones towards various salts from the atmosphere, salt 
attack tests were conducted on the three varieties of 
stones. The procedure adopted for the salt attack test 
was similar to Esbert’s^^. 

The preweighed stone cubes (4x4x4) cm^ were im¬ 
mersed in 14% solution of Na 2 S 04 for 2 h at 24°C. The 
stones were then removed from the solution and dried at 
100°C for 21 h, followed by cooling to room tempera¬ 
ture for 1 h. This process formed one cycle. Twelve 
such cycles were carried out with each stone. After each 
cycle, the weight was determined and the difference in 
weight was noted. The above experiment was further 
extended to study the effect of NaCl and NaN 03 salts. 
The curves showing the cumulative percent loss in 
weight of the stone samples, have been presented in 
Figure 1. 

To study the behaviour of the monumental stones to¬ 
wards acidic and neutral leaching conditions, leaching 
experiments were conducted on the three varieties of 
stones by adopting the following procedure. 

The stone samples (4x4x4 cm^) were immersed in 
0.1 N, 0.01 N and 0.001 N nitric acid solutions for 
varying periods of time, with intermittent drying at 
100°C for 21 h between each immersion. The solutions 
were then evaporated to dryness, made up with distilled 
water and analysed for parameters like Si 02 aluminium, 
sodium, potassium, calcium, magnesium and iron, by 
adopting standard procedures'^ 



No. of Cycles 


-B- WhltG(Chlor!d 0 ) 
R0d(Chloride) 
Whlt9(Sulphat0) 
Red( Sulphate) 


Figure 1. Effect of sulphate and chloride salts on red and white 
variety stones. 


The above experiment was repeated using distilled 
water. The periods of immersion in both the above ex¬ 
periments were 2, 4, 6, 12, 20, 30, 50, 100 h respec¬ 
tively. The amount of SiOa, iron and aluminium leached 
out is presented in Table 1. Physical properties such as 
porosity, water imbibition and bulk density were deter¬ 
mined for all the three types of stones according to the 
procedures followed by Michela^^. 

The results of the salt attack test on the red, yellow 
and white stones indicate that Na 2 S 04 was the most 
damaging salt among the three. The red variety was 
completely destroyed at the end of the 7th cycle. The 
white variety on the other hand, was destroyed in the 9th 
cycle of the sulphate attack test, while the yellow stone 
was intact except for slight weight loss. Chloride attack 
test was seen to reduce the 4 x 4 x 4 cm^ stone specimen 
of red variety to a small sphere. Exfoliations were ob¬ 
served regularly in case of white stone tested with 14% 
NaCl solution. Sodium nitrate had almost negligible 
effect on the stones. 

The values of physical properties of the stone speci¬ 
mens given in Table 2 show that red and white variety of 
stones have higher porosity and water imbibition than 
the yellow stone. This probably enables penetration of 
greater amount of salt in the pores of red and white 
stones, thus rupturing the stones. The rupturing takes 
place due to loss of mechanical strength of the stone, 
mainly caused by crystallization of higher hydrates of 
the salts within the pores^®. The above discussion indi¬ 
cates that yellow stone with a lower porosity and water 
imbibition of 8.9% and 5.18% respectively, is the most 
resistant to salt attack. The red stone having higher po¬ 
rosity and water imbibition of 16.7% and 8.65% respec¬ 
tively, is least resistant of the three stone varieties 
towards salt attack. 

The leaching experiment using distilled water showed 
that maximum amount of Na*^, and Si 02 leached out 
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Table 1. Amount of leaching in acidic conditions 


Parameter 


Red variety 

Yellow variety 

White variety 

0.1 N 

0.01 N 

0.001 N 0.1 N 0.01 N 0.001 N 

Concentration of nitric acid 

0.1 N 

0.01 N 

0.001 N 

Aluminium (mg) 

0.375 

0.191 

0.037 

0.514 

0.228 0.041 

0.506 

0.295 

0.006 

Silica (mg) (Si02) 

4.81 

1.58 

1.78 

3.31 

1.362 1.75 

3.35 

1.73 

1.41 

Total iron (mg) 

0.639 

0.077 

0.096 

0.159 

0.259 0.108 

0.209 

0.141 

0.180 


Table 2. Comparative values of physical properties 


Stone 

variety 

Porosity 

(%) 

Water imbibition 
(%) 

Bulk density 
■(g/cm^) 

Red 

16.7 

8.65 

1.95 

Yellow 

8.9 

5.18 

1.76 

White 

14.2 

6.69 

2.19 


Table 4. Cumulative percentage of weight loss of samples in acid 
leaching 


Concentration 

ofHNOs 

Red 

variety 

Yellow 

variety 

White 

variety 

0.1 N 

0.0559 

0.0235 

0.0259 

0.01 N 

0.0536 

0.0235 

0.0246 

0.001 N 

0,0535 

0.0204 

0.0245 


Table 3. Ratio of percentage of element in water to the percentage 
of element in stone 


Stone 

Na+ 


Si02 

Fe’-" 

Al"'' 

.Red 

2.3 X 10-' 

6.6 X 10-'' 

3 X 10-^ 

5.0X 10-* 

1.7x10-’ 

White 

4.7 X 10-^ 

2.4 X lO-'^ 

5.5 X 10-^ 

4.8 X lO"^ 

5.2x10-* 

Yellow 

7.7 X 10-^ 

6x 10-^ 

3.4x10’ 

3.6x10-^ 

1.6x10-’ 



Tim© (in hre.) 

Stong —Yellow Stong Whito Stona 

j^’igure 2. Rate of leaching in neutral condition. 

from the red sand stone followed by white and yellow 
•sand stone. The results presented in Table 3, indicate the 
ratio of the quantity of the substance leached into solu¬ 
tion to the quantity present originally in the stone 
specimen. It is clear that the results project the follow¬ 
ing ranking with respect to ease of leaching of the ele¬ 
ments from the three stones: 

Red Na'" > K'" > SiOi > 

Yellow and white Na^" > > Fe^"- > SiOa > Al^^ 

The leaching of ions in distilled water was observed to 
obey the following equation 


nilnCJCA - Q) = K,t, 

where Ca is the initial concentration of ions in solution, 
Cjc the concentration in solution at time t. K the rate 
constant and n the number of cycles. 

The rate constants for total leaching from red, yellow 
and white stones were found to be 4.7 x 10”^ min”\ 
4.4. X 10"^ min~^ and 4.1 x 10"^ min"^ respectively. Rate 
of leaching showed (Figure 2) that though initially high, 
a steady state or a constant rate was attained at the end 
of 100 h of immersion. 

Amount of Si02, total iron and aluminium leached out 
in acidic conditions was relatively high (Table 1) as 
compared to leaching in distilled water. The results also 
revealed that maximum weight loss of the stones oc¬ 
curred under 0,1 N HNO3 (Table 4). Deterioration was 
maximum of the red and white stones under both acidic 
and neutral conditions. 

From the above observations it is clear that the stone 
monuments at Bhubaneswar are prone to decay even in 
the natural environment. Hence conservation measures 
are essential for the preservation of these ancient 
monuments. 

The main objective of conservation is to remove 
microorganisms, salts and prevent interaction of rain 
with the stone surface. 

Removal of microorganisms like lichen and fungus 
can be achieved by applications of aqueous sodium sali¬ 
cylate (1%) or aqueous zinc or magnesium silico fluo¬ 
ride (4%) (ref. 13). Organisms such as moss could be 
easily removed by 5% ammonium hydroxide^"^’^^. 

The salts deposited within the pores of the stone can 
easily be removed by the paper pulp technique^^. 

Finally during preservation, polymethyl methacrylate 
was better substituted by Tegovakon V and Organo 
Silanes^^ although silane appears to darken the colour of 
the stone to some extent. 
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From the above study it could be concluded that the 
three types of monumental stones are extremely vulner¬ 
able to attack by the physicochemical parameters. In 
particular, the red and white variety of stones have less 
resistance towards saline, acidic and neutral conditions. 
Hence utmost care should be taken to conserve the old 
'Stone monuments which are predominantly built up of 
the red and white stones. Keeping in view the growing 
urbanization at Bhubaneswar and the environmental 
condition in the city, regular removal of the salts from 
the monumental surface (by paper pulp method) and the 
use of protective coatings like Tegovakon V and Organo 
Silane are recommended. Removal of lichens and fungus 
can be accomplished by the use of 1% sodium salicylate 
solution or 4% zinc or magnesium silicofluoride solu¬ 
tion. 5% ammonium hydroxide solution was most effec¬ 
tive in removing moss. 
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Errata 

Calcutta’s industrial pollution: 
Groundwater arsenic contamination 
in a residential area and sufferings of 
people due to industrial effluent 
discharge - An eight-year study 
report 

D. Chakraborti, G. Samanta, B. K. Mandal, 

T. Roy Chowdhury, C. R. Chanda, B.K. Biswas, 
R. K. Dhar, G. K. Basu and K. C. Saha 

[Curr. Sci., 1998, 74, 346-355] 

In the first line of the abstract, Parin Green should read 
as Paris Green. The error is regretted. 


Plasmid profile of Erwinia herbicola 
ATCC 21998 

S. Koul, V. Verma, Anand Kumar and 
G. N. Qazi 

[Curr. Sci., 1997, 72, 876-879] 

The name of one of the authors, Anand Kumar should 
read as Anil Kumar. The error is regretted. 
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Planet Earth - The View From Space. 
D. James Baker. Universities Press 
(India) Ltd., 3-5-819 Hyderguda, Hy¬ 
derabad, India. 1997. Price: Rs 150. 191 

pp. 


The ability of space technology for ob- 
.taining systematic, synoptic, rapid and 
repetitive coverage over large areas 
from its vantage point in space makes it 
unique and powerful for solving basic 
problems such as weather prediction 
and management of natural resources. 
James Baker's Planet Earth - The View 
From Space provides an introductory 
yet comprehensive treatment of this 
important topic. Basic concepts of re¬ 
mote sensing are brought out in a simple 
language in an user-friendly style. The 
book is well illustrated with diagrams 
and photographs to explain the con¬ 
cepts. 

Chapter 1 discusses global environ¬ 
mental concerns and how space-based 
observations help in characterizing 
various phenomena such as weather 
forecasting. There is a good account of 
the interlinking of El Nino phenomenon 
and the drought of 1988. Using satellite 
data for decision making in regard to El 
Nino can be seen as a precursor to how 
similar types of data may be used to 
help forecast and mitigate impacts from 
global climate change. The chapter 
provides an introduction to global 
warming and lists out the environmental 
issues which are bound to become criti¬ 
cal in the twentyfirst century. Satellites 
provide the eyes in the sky to monitor 
phenomena in a global scale. Through 
concurrent development of numerical 
models that run on high speed comput¬ 
ers, the author shows that we will be 
able to achieve significant advances in 
our understanding of the earth - its 
changes, feedback and interaction - and 
enhance our ability to accurately predict 
global trends over long time scales. For 
the management of our environment as 
well as our limited resources, remote 
sensing is undoubtedly a vital tool. 

Chapter 2 discusses how satellites 
orbit the earth and provide a platform 
for remote sensing. The various types of 
orbits used for different satellite appli¬ 
cations are briefly explained. Principle 
•of operation of both passive and active 
remote sensing instruments is explained. 


While passive instruments operate col¬ 
lecting the radiation emitted by the 
earth, active instruments transmit pulses 
of radiation and the reflected radiation 
is collected by the instruments onboard 
the satellites. Under passive sensors the 
working principles of images and 
sounders are explained. Scanning and 
push broom imaging are distinguished, 
with reference to Landsat and SPOT 
instruments. The importance of micro- 
wave remote sensing, which is transpar¬ 
ent to the earth’s atmosphere and 
clouds, is brought out. The working 
principles of satellite altimeters, syn¬ 
thetic aperture radars, laser ranging 
instruments and scatterometers are ex¬ 
plained. The chapter concludes with a 
brief chronology of satellites all the way 
from 1957 till 1989 as relevant to re¬ 
mote sensing. 

Chapter 3 provides details of opera¬ 
tional satellites as on 1989. Detailed 
description is given of the satellite sys¬ 
tems SPOT (France), MOS (Japan), 
NOAA (USA), METEOR (USSR), GMS 
(Japan), GOES (USA), METEOSAT 
(ESA) and INSAT (India). The applica¬ 
tions in the areas of the sun and its in¬ 
teraction with the earth, the atmosphere, 
the ocean and the land surface are 
brought out. NIMBUS and TIROS sat¬ 
ellite systems are explained in detail. 

Chapter 4 indicates what the author 
perceives will be the scenario in the 
1990s. It speaks of the foresight of the 
author that a majority of his predictions 
have come true. The author provides 
details of solar terrestrial energy pro¬ 
gram (STEP), upper atmospheric re¬ 
search satellite (UARS) and tropical 
rainfall measuring mission (TRMM). 
Limited information on Russian mis¬ 
sions such as geostationary meteorological 
satellites is also given. Outline of ERS 
mission and TOPEX/POSEIDON pro¬ 
grams are discussed in sufficient detail. 
The importance of Radarsat for 
cryospheric studies is elaborated. An¬ 
other program which was looked for¬ 
ward to with great interest in those days 
was Japan’s Advanced Earth Observing 
Satellite (ADEOS) and it is quite unfor¬ 
tunate and unexpected that this satellite 
was lost last June due to a solar array 
failure, after only months of operation. 

Chapter 5 discusses the Mission to 
Planet Earth with the goal to understand 
the earth system on a global scale by 


describing how its component parts and 
their interactions have evolved, and how 
they are expected to change. The chal¬ 
lenge is indeed to predict these changes. 
This requires global long-term meas¬ 
urements from satellites and ground- 
based systems to document physical, 
chemical and biological processes re¬ 
sponsible for the evolution of earth in 
all time scales. Such data must be used 
in quantitative models and be available 
as an information base for effective 
decision making. Detailed description of 
EOS-A and EOS-B instruments is in¬ 
cluded in this chapter. 

The sixth and final chapter takes us 
into the 2ist century. The scheme for 
data sharing at an international level is 
expected to be evolved in this time 
frame with United Nations playing the 
key role. The development of technol¬ 
ogy is towards higher resolution im¬ 
agery for civilian use. 

The book contains a fairly exhaustive 
bibliography and references besides a 
comprehensive glossary of terms that 
the reader will find useful. The get up of 
the book is elegant and the book is 
priced reasonably. The presentation is 
cogent and makes easy reading. The 
book provides interesting titbits like 
how the Japanese satellites derived their 
names after flowers. This work should 
appeal to the specialist as well as the 
non-specialist alike. 

The book has information up to the 
year 1989 but many significant events 
and developments have taken place after 
this time frame. Hence quite a lot of 
material, particularly in Chapters 3, 4 
and 5, needs to be updated. For in¬ 
stance, as on date IRS system is one of 
the leading global systems and hardly 
any mention is made of it in this book. 
Today is the age in which remote sens¬ 
ing data is available through the Internet 
and obviously the author could not have 
anticipated such a revolution at the time 
of his writing this book. Despite this 
drawback the book is a good introduc¬ 
tory one in this all-important field. 


S. Rangarajan 


INSAT MCF/ISTRA C, 

Indian Space Research Organization, 
Bangalore 560 058, India 
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Annual Review of Medicine: Selected 
Topics in Clinical Sciences. Edited by 
Cecil H. Coggins, William E. Hancock 
and Lee J. Levitt. Annual Review Inc., 
4139, El Camino Way, P. O. Box 
10139, Palo Alto, CA 94303-0139, 
USA. 1997. vol. 48. Price: Individuals, 
US$ 65; Institution, US$ 130. 590 pp. 


Every year Annual Review of Medicine 
provides physicians a means to have a 
sweeping glance at the advancing fron¬ 
tier of medicine. The book would in¬ 
clude not only the results of clinical 
trials of new drugs and approaches of 
medical treatment but also pathogenetic 
concepts, diagnostic criteria for difficult 
clinical conditions, surgical treatment, 
public health issues and advances in 
medical technology. This year is no 
exception. 

There are 42 articles in this' year’s 
edition. Among them, the paper by Ted 
Steiner and colleagues from University 
of Virginia School of Medicine is of 
great concern. They draw attention to 
the outbreak of diarrhea in 1993 at 
Milwaukee in which 403,000 people 
‘developed the illness from drinking 
water that met all the federal safety 
standards of that time. This was the 
largest outbreak of water-borne disease 
ever reported in the United States. The 
authors discuss the threat posed by the 
emergence of protozoal pathogens, 
which can cause outbreak of water¬ 
borne diarrhea. They call Cryptospori¬ 
dium parvum, the cause of the outbreak 
in Milwaukee, the ‘water industry’s new 
super bug’. There are several other wa¬ 
ter-borne protozoal pathogens such as 
Giardia lamblia, Entamoeba histolytica, 
Cyclospora cayetanesis and Mi- 
crosporidia that are potential threats. 
Evidently, there is compelling need to 
search for improved methods for water 
purification. 

Three of the topics included in the 
book have come to the attention of cli¬ 
nicians only recently and may not be 
found in general texts of medicine. 
During the last decade, study of pro- 
.grammed cell death (apoptosis) has 
gained increased attention. In the 
pathogenesis of many human diseases, 
apoptosis has been implicated. These 
diseases include acquired immunodefi¬ 
ciency syndrome, autoimmune disor¬ 
ders, developmental anomalies, 


neurodegenerative diseases, some types 
of cancers, cardiac failure and viral dis¬ 
eases. Specific mutation of genes criti¬ 
cal for apoptosis has been identified in 
association with several autoimmune 
diseases including systemic lupus 
erythematosus. Aberrant control of 
apoptosis is implicated in Alzheimer’s 
disease, Parkinson’s disease and schizo¬ 
phrenia. Therapeutic efficacy of almost 
all antineoplastic agents is linked to 
induction of apoptosis. Charles Rudin 
and Craig Thompson in their article 
focus on recent exciting developments 
in our understanding of regulation of 
apoptosis in health and disease. They 
discuss the central pathways of apopto¬ 
sis, apoptotic-signaling pathways, viral 
modification of apoptosis, cross talk 
between cell cycle regulation and 
apoptotic pathways and role of apop- 
totic mechanism in chemotherapeutic 
resistance of cancers. The authors 
speculate that in the future, modulation 
of apoptosis would be a strategy in the 
treatment of diseases and that it would 
have impact on the prognosis of many 
important diseases. 

Molecular genetic techniques have 
revealed a non-traditional inheritance 
pattern by a novel mechanism of gene 
control, which has been termed genomic 
imprinting. Human beings normally 
inherit two different copies of each 
gene, one copy from each parent. In 
genomic imprinting, only one gene is 
expressed and depending on which par¬ 
ent the gene comes from, the same ge¬ 
netic information can result in a 
different phenotype. The phenomenon is 
observed in a number of developmental 
abnormalities, cancer, behaviour disor¬ 
ders and disorders of growth. Genomic 
imprinting should be suspected when a 
disease is always expressed when inher¬ 
ited only from the male or only from the 
female parent. Another clue is when one 
of a monozygotic twin is affected and 
the other is not. Several types of cancers 
appear to have effects of genomic im¬ 
printing. Hereditary paragangliomas are 
exclusively inherited from the father. 
Selective losses from maternal chromo¬ 
somes are associated with loss of het¬ 
erozygosity for the retinoblastoma gene 
and for the Wilm’s tumour gene. J. G. 
Hall in his article comments on the clinical 
relevance of genomic imprinting. 

Robert Moore describes functional 
organization of circadian system and 


some of the common disorders of 
circadian function. Circadian system 
involves pacemakers in the suprachias- 
matic nuclei of the hypothalamus, visual 
and non-visual pathways that project 
environmental information to the pace¬ 
makers and outward pathways which 
couple the pacemakers to effector sys¬ 
tems under circadian control. Pacemaker 
dysfunction can cause irregular sleep- 
wake pattern and is also thought to be 
responsible for fragmentation and loss 
of sleep in old people. Disorders of 
entrainment pathways which are in¬ 
volved in resetting the circadian clock 
are associated with jet lag, work shift 
syndrome, delayed phase sleep syn¬ 
drome and non-24 hour sleep-wake 
syndrome. Recent studies show that 
melatonin is an effective treatment for 
some of these disorders. Moore does not 
cover genetic and molecular aspects of 
circadian biology. The role of chrono- 
biology in finding new therapies par¬ 
ticularly for cancer is also not covered 
in Moore’s article. 

Eleven of the reviews are devoted to 
cardiovascular problems. George Coo¬ 
per reviews recent progress in unravel¬ 
ing the molecular mechanisms of 
cardiac hypertrophy. He presents evi¬ 
dences for the view that mechanical 
load itself is adequate for the initiation 
of cardiac growth at cellular, tissue and 
organ levels. A number of endocrine, 
paracrine and autocrine factors can also 
stimulate cardiac growth. However, it is 
unsettled whether any of them are pri¬ 
mary stimulus for cardiac hypertrophy. 
It seems likely that inducible secondary 
factors intensify the primary response to 
mechanical load and that cardiac hyper¬ 
trophic response to abnormal haemody¬ 
namic overloads has substantial 
redundancy. Cooper has also discussed 
transcriptional and translational regula¬ 
tion of cardiac hypertrophy. The same 
mitogenic pathways as seen in mitoti- 
cally active cells mediate most of the 
qualitative changes in gene expression 
during hypertrophic response. Protein 
synthesis in hypertrophy has been 
linked to changes in both translational 
efficiency as well as translational ca¬ 
pacity. Another interesting information 
is on the role of integrins and signal 
transduction pathways in the transduc¬ 
tion of mechanical input into growth 
response. Redistribution and activation 
of integrin related non-receptor tyrosine 
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kinases are suggested as key compo¬ 
nents of the mechanotransduction path¬ 
way. 

Several disease states such as athero¬ 
sclerosis, congestive cardiac failure, 
diabetes mellitus, post-angioplasty arte¬ 
rial stenosis, hypertension and septic 
shock are associated with abnormalities 
in endothelial function. In these disor¬ 
ders, the endothelial dysfunction con¬ 
tributes to the alterations in the 
structure and function of the blood ves¬ 
sel wall. An important regulator of en¬ 
dothelial function is the molecule nitric 
oxide, which is derived from L-arginine 
through the action of the enzyme nitric 
oxide synthase. There is increasing in¬ 
terest in the study of the role of the en¬ 
zyme in the pathogenesis of vascular 
diseases because of the possibility of 
targeting the enzyme in developing new 
treatment strategies for vascular disor¬ 
ders. J. P. Cooke and V. J, Dzau focus 
on the role of nitric oxide synthase in 
modulating vascular resistance and the 
activity of the enzyme in pathological 
conditions. 

In the early 1950s, an operative 
treatment was reported to remove athe¬ 
rosclerotic plaques of carotid arteries, 
the cause for transient ischemic attacks 
and stroke. Since then there has been an 
exponential increase in the number of 
carotid endarterectomies performed. A 
decade ago, the advantage of the proce- 
.dure over medical treatment in prevent¬ 
ing stroke and death was questioned. 
Several prospective randomized trials 
were conducted during the past six years 
and they helped to clarify the indica¬ 
tions for operative treatment of carotid 
artery disease. C. M. Wittgen and D. C. 
Brewster summarize the results of some 
of the large surgical trials and present in 
a tabular form, the indications for en¬ 
darterectomy. A proven indication in an 
asymptomatic patient is stenosis exceed¬ 
ing 75% and proven indications 
for symptomatic patients are carotid 
artery stenosis of more than 70% and 
either mild stroke or one or more tran¬ 
sient ischemic attacks within past six 
months. 

It was in the 1970s that Carpentier 
developed what he termed the French 
correction for reconstruction of mitral 
valve. His techniques included ring 
annuloplasty, leaflet resection, chordal 
shortening and chordal transposition. 
Carpentier’s techniques are popular for 


the treatment of mitral regurgitation and 
are increasingly preferred over mitral 
valve replacement. C. Hahn and G. J. 
Vlahkes from cardiac surgical unit of 
Massachusetts General Hospital present 
the results of repair which has a stun¬ 
ning 90% rule: ‘Approximately 90% of 
patients with mitral insufficiency are 
candidates for reconstruction; after re¬ 
pair 90% no longer have significant 
mitral insufficiency; over 90% are in 
NYHA class I or II and the five year 
survival is nearly 90%; nearly 90% of 
survivors are free from reoperations at 
ten years.’ Compared to valve replace¬ 
ment, reconstruction is associated with 
decreased risk of endocarditis and 
thrombo-embolism. The cost of 
prosthetic materials used in repairs is 
only one-third that of prosthetic valves. 
Surprisingly there is no mention 
about the role of mitral valve repair in 
mitral regurgitation of rheumatic etiol¬ 
ogy. 

James L. Cox is a pioneer in the op¬ 
erative treatment of atrial fibrillation, 
the most common disorder of cardiac 
rhythm. He and his colleagues reported 
the left atrial isolation procedure in 
1980 and seven years later the Maze 
procedure was described. Since then 
178 patients were treated by this tech¬ 
nique or its modifications. One hundred 
and twenty five patients were re¬ 
evaluated till February 1996. It was 
found that not only was atrial fibrilla¬ 
tion abolished, but also right atrial 
function was preserved in 98% of pa¬ 
tients and left atrial function was pre¬ 
served in 94% of patients. Cox and 
T. M. Sundt examine their data and 
recommend Maze III procedure for the 
treatment of atrial fibrillation in patients 
whose arrhythmia is refractory to medi¬ 
cal treatment. 

The success of cardiac surgery has led 
to a new population of patients. These 
are adults whose original complex 
congenital cardiac problems have 
been modified by operative treatment. 
Management of these patients needs 
special expertise. Jane Somerville has 
the ROCK recommendations for organ¬ 
izing the services for such patients. She 
runs a separate unit for the grown up 
congenital hearts, termed the GUCH 
unit at Royal Brompton Hospital, Lon¬ 
don. 

There are two articles on venous 
thrombosis. One of them is about the 


most common genetic risk factor for 
venous thrombosis, viz. inherited resis¬ 
tance to activated protein C. Protein C 
system is activated by the thrombin- 
thrombomodulin complex. Activated 
protein C cleaves and inhibits activated 
factor V and activated factor VIII, thus 
downregulating the activity of the co¬ 
agulation system. Four years -ago the 
link between familial thrombophilia and 
poor anticoagulant response to activated 
protein C was recognized. The molecu¬ 
lar basis was elucidated shortly. A sin¬ 
gle point mutation in the gene for 
factor V accounts for the slow degrada¬ 
tion of activated protein C, resulting in 
hypercoagulability and a life long in¬ 
creased risk for venous thrombosis. 
Prevalence of factor V mutation is esti¬ 
mated to be 1-15% in populations of 
Caucasian origin and is more common 
than all other known causes for inher¬ 
ited hypercoagulability states. The 
authors suggest that general screening 
for activated protein C resistance would 
be beneficial in conditions associated 
with thrombosis such as pregnancy, 
trauma, surgery and oral contraceptive 
usage. 

G. F. Pineo and R. D. Hull consider 
the long term follow up results of six 
randomized clinical trials which com¬ 
pared low molecular weight heparin 
with unfractionated heparin for the 
treatment of proximal deep vein throm¬ 
bosis. They conclude: ‘low molecular 
weight heparin will undoubtedly replace 
intravenous unfractionated heparin not 
only in the treatment of venous throm¬ 
boembolism, but also in other 
conditions where heparin therapy is 
indicated’. 

Two articles are perhaps, eye openers 
for nephrologists. Manuel Pascual and 
colleagues from Harvard Medical 
School present results from clinical 
trials and experimental studies that indi¬ 
cate that the course and outcome of 
patients with acute renal failure may be 
influenced by the biocompatibility of 
dialysis membranes. The potential of 
dialysis membrane to activate or not 
activate complement and neutrophils 
appears to be relevant in influencing 
patient morbidity and mortality. Donald 
Vidt of the Cleveland Clinic Founda¬ 
tion draws attention to a common but 
rarely recognized cause of renal failure, 
viz. cholesterol embolization (CE). In¬ 
terventional diagnostic procedures and 
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operations on aorta increase the risk for 
cholesterol emboli in the kidneys. Vidt 
emumerates a number of clinical condi¬ 
tions which can mimic CE and describes 
how CE can be distinguished from 
them. 

Several reviews pertain to new thera¬ 
peutic agents such as thrombopoietin, 
intravenous immunoglobulins, new gen¬ 
eration beta blockers, mifepristone 
(proved useful not only for termination 
of pregnancy and as contraceptive but 
also for the treatment of endometriosis, 
fibroids and as anti-glucocorticosteroid 
agent), taxanes and naltrexone 
(approved by FDA for the treatment of 
alcoholism). There are comprehensive 
essays in which you will find how to 
differentiate variant forms of von Wille- 
brand’s disease, guidelines for the man¬ 
agement of severe pre-eclampsia and 
evaluating patients for lung volume 
reduction surgery in emphysema, pos¬ 
sible approaches to immunotherapy in 
paraneoplastic syndromes, a scoring 
system to objectively assess severity of 
urinary symptoms in patients with be¬ 
nign prostatic hypertrophy, treatment of 
primary pulmonary hypertension, tem¬ 
poral lobe epilepsy and pre-menstual 
syndrome, the usefulness of oral ad¬ 
ministration of antigens in the treatment 
of autoimmune diseases, techniques 
involved in the transplantation of hae¬ 
matopoietic stem cells, pathogenesis of 
renal osteodystrophy and criteria for the 
diagnosis of acute respiratory distress 
syndrome. 

Despite technological advances and 
progress in our understanding of mo¬ 
lecular basis of diseases, some medical 
problems remain difficult to manage and 
are important causes for morbidity. 
Among them are grief reactions in the 
elderly widowed people and the emo¬ 
tional and behavioural problems that 
occur following cerebrovascular stroke. 
These conditions are the themes for two 
separate articles. I found the rest of the 
reviews uninteresting. 

To sum up, there are several treatises 
in the recent edition of Annual Review 
of Medicine, which are instructive to the 
specialists. Primary care physicians in 
the third world may not find these arti¬ 
cles' of any practical value. This is not 
surprising since nearly 85% of the con¬ 
tributors are from the United States and 
there is none from the developing 
countries. Possibly there is scope for 


another text, maybe an Annual Review 
of Medicine in the Tropics. 

C. C. Kartha 

Division of Cellular and Molecular 
Cardiology, 

Sree Chitra Tirunal Institute for Medi¬ 
cal Sciences and Technology, 
Thiruvananthapuram 695 Oil, India 


Neotropical Companion: An Intro¬ 
duction to the Animals, Plants and 
Ecosystems of the New World Trop¬ 
ics. John Kricher. Princeton University 
Press, 41, William Street, Princeton, NJ 
08540, USA. 451pp. Pri ce US$ 29.95. 

Our yearning for surprise and wonder¬ 
ment is what sets the stage for discover¬ 
ies. Biology is so attractive to many, 
perhaps because it is a discipline that is 
left with many surprises and an often 
chance for wonderment. What makes 
biology enchanting are possibilities as 
wholesome and surreal as our childhood 
hopes of turning little grasshoppers to 
parrots or the ant-lion larvae to ele¬ 
phants. Taxonomists made it boring; 
biochemists and others will squeeze the 
life out of it. I think one should get ini¬ 
tiated in biology without Latin or refer¬ 
ence to Lehninger to get the real feel for 
the wondrous beauty it is. Here is a 
book that will be an aid for such a pure 
joy of discovery. 

Tropics can be either the ‘Emerald 
paradise* or the ‘Green heir the way 
you look at it. It is verdant greens, col¬ 
ourful birds and butterflies, exotic fruits 
and a profusion of animal life forms for 
the aficionado. It may, however, be dis¬ 
ease-carrying mosquitoes, botflies that 
breed beneath your skin, venomous 
snakes, vicious crocodiles, spooky spi¬ 
ders, scorpions that sting badly, and a 
climate reminding one of Dante’s fa¬ 
vourite place for others. But one thing 
that every one will agree is that it is not 
dull. This book is as exciting as the 
tropics itself. It is not a guidebook but 
genuinely a companion. One must read 
it and keep reading it. The writing puts 
it on par with good books in any class, 
well written with subtle humour but 
highly informative. It can be read any 
time at any page without losing con¬ 
tents. But if you intend to use it as a 
field-guide in its true sense this is not 
for you. It is not a catalogue of standard 


descriptions and exhaustive illustrations 
but draws heavily on Kricher’s sojourns 
in the neotropics written with a view to 
inspire and educate. One misses nice 
pictures of tamarins and marmosets and 
many other species but then there are 
enough photo compilations elsewhere 
and that absence is made up by such 
evocative style of writing that reading 
this volume is bound to be a great satis¬ 
faction. The number of new species 
found, including recently discovered 
new primates, makes neotropics the 
region where more is yet to be found 
and learnt. Kricher’s book sketches such 
a voyage of discovery but not in the 
style of ‘armchair travelogues’, which 
scale great heights in their ability to be 
boring and monotonous. A few samplers 
illustrate the style and content of this 
neat book. 

Ant-fungus relationship evolved 
possibly more than 50 million years 
ago. Much before we were little furry 
rats scurrying between giant dinosaur 
legs, leave alone coconut-flinging mon¬ 
keys, ants went through stages of 
hunter-gatherer, pastorals and slave 
makers. The leaf-cutter ants are really 
farmers who use the leaves to make 
media for cultivating a particular spe¬ 
cies of fungus. Kricher builds a truly 
wonderful story of co-evolution with 
this theme. The odd fungus, never found 
free-living outside fungus garden ant 
colonies, is the ant’s only food. Leaves 
brought to the colony are cut into small 
pieces and chewed into soft pulp. Be¬ 
fore placing the pulpy mass on the fun¬ 
gus bed, the ants defecate a drop of 
liquid, that contains all twenty*one es¬ 
sential amino acids, allantoic acid and 
allantoin, key ingredients needed for 
fungal growth. The chewed leaves are 
then added to the fungus growing bed, 
and fungal tufts are placed on top of it. 
Worker ants avoid leaves that contain 
chemicals potentially dangerous to their 
fungi. Fungi are always in pure culture, 
protected from contamination by 
‘weeding’ other fungi. Without the ant’s 
attention the fungi wither away. And 
finally when a queen ant founds a new 
colony, she takes some of the precious 
fungus with her inside her mouth! Some 
plants have even evolved antifungal 
compounds that make ants avoid such 
leaves since their fungus does not grow 
well even though the leaves are not poi¬ 
sonous to the ants. 

The whole chapter on Neotropical 
Pharmacy is full of informative ac¬ 
counts. ‘Tropical rainforests are green. 
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myriad leaves, large, small, simple and 
compound, adorn trees and vines from 
ground to canopy. Careful examination 
of leaves reveals that most show little if 
any damage from insects or herbivores. 
But why? The answer is drugs. Leaves 
of both tropical and temperate-zone 
plants are abundantly laced with nox¬ 
ious chemicals'... ‘The world is not 
coloured green to the herbivores’ eyes, 
but rather painted morphine, L-Dopa, 
cannabinol, caffeine, mustard oil, 
strychnine, rotenone.’ Truly fascinating 
are the adaptations that allow for some 
to circumvent these defences. His con¬ 
clusion at some point that evolution of 
intelligence in primates may have been 
affected to a considerable extent by the 
necessity to remember and recall as well 
as communicate with its kin, informa- 
■tion on precisely the one poison-free 
tree from among a hundred others of the 
same species that are toxic, or a process 
or eating habit that will make the poison 
less serious, is remarkable. Plants pro¬ 
duce alkaloids to protect themselves and 
insects evolve not only to detoxify but 
also use these in storage to protect 
themselves from predators while others 
mimic such warningly-coloured species 
to ward off predators. In the end we 
humans have learnt to use these as part 
of our pharmacopoeia. Much remains to 
be studied. Of the 250,000 species of 
plants, only 5000 have been thoroughly 
investigated as to pharmacological 
properties and about 120 plant-based 
prescription drugs are derived from 
hardly 95 species. Only 470 or 1% of 
Brazil’s 50,000 flowering plants have 
thus been examined. At the same time 
he reports that the indigenous people 
have found 1500 species out of 596 
genera and 145 families that have either 
medicinal or toxic properties... 38 plants 
that can be used for control of diar¬ 
rhoea, 25 for headache, 18 for muscular 
aches, 36 for intestinal parasites, 38 for 
toothache... many plants for ant bites 


and snake bites, etc. Obviously not that 
these are efficacious or proven to be so, 
but the information and the fact that in 
the limited studies many useful things 
have come out makes enthnobotany and 
particularly that in tropics undeniably 
important. 

Kricher’s description of birds and 
animals are exemplary and each is a 
lesson in itself like he talks about 
hoatzins. ‘This extraordinary bird is 
found along slow, meandering streams 
and oxbows within the Amazon and 
Orinoco basins. Hoatzins roughly re¬ 
semble chickens in size and shape. 
However their overall appearance sug¬ 
gests a primitive almost prehistoric bird. 
An hoatzin is somewhat gangly, its body 
chunky, its neck slender, its head 
small... no one who ever sees an hoatzin 
forgets it. And usually you don’t see 
just one... Hoatzins are among the only 
avian foliovores, feeding mostly on 
leaves, often from plants that are typi¬ 
cally loaded with secondary compounds. 
Leaves are bitten off, chewed and 
ground into a large bolus within the 
bird’s oversized crop. With the aid of an 
extensive microflora housed within the 
expanded crop and esophagus, the bolus 
slowly ferments and is digested. The 
birds benefit from some of the digestive 
products of their microflora, and the 
bacteria, which are as concentrated in 
hoatzins as they are in bovines, also 
help detoxify secondary compounds. 
The odd amalgamation . of partially- 
decomposed leaves gives the bird an 
unpleasant odour, rather like cow ma¬ 
nure. Baby hoatzins bear a superficial 
resemblance to Archeopteryx, one of the 
first birds whose fossilized remains 
established that birds evolved approxi¬ 
mately 120 million years ago... when 
the dinosaurs flourished. Young hoatz¬ 
ins possess claws on their first and sec¬ 
ond digits, enabling them to climb 
about riverside vegetation. Juvenile 
hoatzins can swim and dive efficiently. 


Should they be faced with danger, they 
escape by dropping from vegetation into 
water. When danger passes they use 
their wing-claws to help in climbing 
back to vegetation.’ 

This book really is a general intro¬ 
duction to everything in the neotropics. 
It is a rather unusual book not encum¬ 
bered by having to stick to a theme, 
other than having to do with the tropics. 
It has great wealth of well-researched 
information useful for the professional 
and yet very readable by a lay reader- 
ship. It has plenty of tips for the pro¬ 
spective traveller whose tribe will only 
increase reading this adventure of sorts. 
Much of his valuable advice at the end 
is as suitable for tropics as to neotrop¬ 
ics. He puts to rest unfounded fears and 
points out to the really worrisome as¬ 
pects of journey in tropics with subtle 
humour. 

It is easy to fall prey to an urge to 
preach when one writes accounts of 
nature. I am amazed at the professional 
restraint and matter-of-factness on sev¬ 
eral occasions when he has to deal with 
harm caused to nature by man. He seems 
to convey the beauty of the neotropics 
in a no uncertain manner and reiterates 
the need to preserve in a less pontifica- 
tory manner. Overall I highly recom¬ 
mended this book not only for nature 
lovers but also to supplement texts in 
biology in colleges. I wish biology was 
taught with the aid of such books rather 
than with an intimidating tree of classi¬ 
fications whose Latin terms were never 
clear to anyone for a long time and the 
only reason we remembered them were 
because they were so funny sounding. 


K. S. Krishnan 

Molecular Biology Unit, 

Tata Institute of Fundamental Research, 
Homi Bhabha Road, 

Mumbai 400 005, India 
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Jaroslav Heyrovsky 

Rajalakshmi Heyrovskd 

Jaroslav Heyrovsk;^ (1890-1967) an 
eminent Czechoslovak scientist, was 
born in Prague on 20 December 1890. 
He invented polarography, an ingenious 
method of studying electrochemical 
phenomena using a polarizable elec¬ 
trode, and it fetched him the 1959 Nobel 
Prize for Chemistry. 

Heyrovsky used liquid mercury 
dropping regularly from a capillary or- 
fice into the solution as an ideal po¬ 
larizable electrode. By applying 
different voltages between the dropping 
mercury electrode (DME) and a suitable 
reference electrode (see Figure 1), he 
found that the changes in current in the 
circuit were characteristic of the depo¬ 
larizer (oxidizable or reducible compo¬ 
nent) present in the solution. The 
change in current, caused by the oxida¬ 
tion or reduction process, when plotted 
as a function of the applied voltage, 
forms an S-shaped curve/wave (see Fig¬ 
ure 2). The potential corresponding to 
the midpoint of the wave, called the 
half-wave potential, £' 1 / 2 , is characteris¬ 
tic of the redox couple, and the current 
corresponding to the height of the wave 
is proportional to the concentration of 
the depolarizer in the solution. Since the 



Figure 1. The polarographic circuit. Main 
parts; The electrolytic cell (C) with the tip of 
the capillary electrode dipping into the solu¬ 
tion and a pool of mercury at the bottom as 
the reference electrode. Mercury from a 
reservoir (M) flows through the capillary. 
The e.m.f. from the battery (B) is applied to 
the cell through a potentiometer (E) and the 
current Is measured by the galvanometer 
(G). (From Practical Polarography, by J. 
Heyrovsky and P. Zuman, Academic Press, 
London and New York, 1968.) 


the inventor of polarography 


DME produces a constantly renewed 
fresh metallic surface, the current- 
voltage curves are perfectly reproduci¬ 
ble. Thus the method tells us both about 
the kind and amount of the depolarizer 
present in the solution, even at very low 
concentrations. 

This made polarography a very reli¬ 
able and widespread analytical method. 
In addition, over the years, it has be¬ 
come an excellent method of studying 
various electrochemical and interfacial 
processes in inorganic, organic and bio¬ 
chemical contexts. Heyrovsky’s first 
polarograph (Figure 3) has been 
gradually improved into a versatile, 
portable and computerized version 
(Figure 4). Thus HeyrovskJ/’s wishful 
dreams have now become a reality, 

Jaroslav HeyrovskJ^’s biography has 
been published on many occasions dur¬ 
ing his lifetime and after. Of these, the 
version published in the Collection of 
Czechoslovak Chemical Communica¬ 
tions by his former pupil, R. Brdicka in 
1950 on the occasion of his sixtieth 
birthday, is considered as the most 
authentic account. He was born as the 
fifth child of Kldra and Leopold Hey¬ 
rovsky, Professor of Roman Law at the 
then called Czech Charles-Ferdinand 
University. After completing the pri¬ 
mary school in 1901, he studied in the 
Akademicke Gymnasium and his fa¬ 
vourite subjects were mathematics and 
physics. In 1909 he passed the maturity 
examination and joined the Philosophi¬ 
cal Faculty of the Czech University in 
Prague and specialized in physics, 
chemistry and mathematics. He was 
most impressed by the lectures on 
inorganic chemistry by B. Brauner and 
on physics by F. Z^viska and B. 
Kucera. 

At this time, as he was very much 
taken by the achievements of Sir Wil¬ 
liam Ramsay, he went over to London, 
matriculated in 1910 and started his 
studies in the University College. There 
he followed enthusiastically the lectures 
by W. Ramsay and W. C, Me C. Lewis 
on general and physical chemistry, by F. 
T, Trouton and A. Porter on physics and 
by L. N. G. Filon on mathematics. His 
father financed his education. In 1913 


he obtained the B Sc degree of the Uni¬ 
versity of London. In that year Ramsay 
retired and was succeeded by the emi¬ 
nent physical chemist, F. G. Donnan. 
Through him Heyrovk5^ turned to elec¬ 
trochemistry and soon became a dem¬ 
onstrator in the practical class of 
physical chemistry during 1913-1914. 
Heyrovky’s experimental work was de¬ 
cisively influenced by the research topic 
for the D Sc thesis suggested by Don¬ 
nan, viz. the determination of the elec¬ 
trode potential of aluminium. The 
passivity of this metal made it necessary 
to amalgamate its surface. However, the 
fluctuations of the electrode potential 
caused by the evolution of hydrogen led 
Donnan to advise Heyrovsky to use a 
dilute aluminium amalgam dropping 
slowly out of a capillary, so that the 
electrode surface was constantly re¬ 
newed. Donnan himself had used a di¬ 
lute sodium amalgam dropping from a 
capillary for his study of membrane 
equilibria. The experience Heyrovsky 
gained during these investigations laid 
the foundations for his future work; and 
his contacts with the eminent personali¬ 
ties left their imprints on him. 

When Heyrovsky returned home for 
the summer in 1914, his work at the 
University College got interrupted by 
the outbreak of World War I. He was 
then offered the facilities to continue his 
researches in the laboratory of J. S. 
Sterba-Bdhm at the Chemical Institute 
of the University of Prague. In 1915 he 
was summoned for military service and 
due to his weak physical constitution, 
he was posted in a military hospital as a 
dispensing chemist and roentgenologist 
till the end of the war. This gave him 
enough time to complete his work and 
present his dissertation entitled ‘The 
electro-affinity of aluminium’ to the 
Philosophical Faculty of the Czech Uni¬ 
versity in Prague. He thus obtained the 
degree of Philosophiae Doctor (PhDr) 
in 1918, after passing the final examina¬ 
tions. During the examination in physics, 
his teacher, Bohumil Kucera questioned 
him about the electrocapillarity of 
mercury. From the textbook on electro¬ 
chemistry by F. Plzak and J. Ba- 
borovsky, Heyrovsky had prior 
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Figure 2. Polarographic waves. Right curve: A solution containing 0.0002 molar 
Cd'■^ Zn*^ Mn''^ Left curve: The solution with the addition of 0.0004 molar T\\ Mer¬ 
cury pool is the reference electrode. Current is in the pA range. (From the same ref¬ 
erence as Figure 1.) 



Figure 4. The latest polarograh (From Polaro Sensors, Prague, 1994). 


knowledge of Kucera's method of ob¬ 
taining the ‘electrocapillary parabola’ 
by finding the weights of mercury drops 
at various applied potentials. So the 
examination in fact turned into a dis¬ 
cussion and Kucera started describing 
some anomalous effects of distortion 
and secondary maxima on electrocapil¬ 
lary curves. He then said ‘this mystery 
can be solved only by a physical chem¬ 
ist’ and proposed to the surprised can¬ 
didate researches on the surface tension 
of polarized mercury. 

Soon Heyrovsky found himself co¬ 
operating with R. Simunek, Assistant in 
Experimental Physics, in the tedious 
weighing of mercury drops at various 
potentials. In 1919 Heyrovsky was 


nominated Assistant in the Department 
of Inorganic and Analytical Chemistry 
of the Czech University headed by Bo- 
huslav Brauner. He was an intimate 
friend of D. I. Mendeleev and R. Abegg. 
He drew Heyrovsky’s attention to 
chemical affinity and valency and ad¬ 
vised him to work on aluminic acid and 
the aluminates. Heyrovsky submitted 
this as his habilitation work and was 
nominated Docent of Physical Chemis¬ 
try in 1920 and as the first lecturer in 
this branch of science at the Czech Uni¬ 
versity, renamed then as the Charles 
University. In 1919 Heyrovsky gained 
the Fellowship of the Chemical Society, 
London, for which he had applied in 
1914, at the outbreak of war. He also 



Figure 3. The first polarograph (1924). 

became a Member of the Faraday Soci¬ 
ety in 1919. He published his studies on 
aluminium as three papers in the Trans¬ 
actions of the Chemical Society in 1920 
and submitted them as a thesis for the 
D Sc degree of the University of Lon¬ 
don, which he received in 1921. 

From then on Heyrovsky could 
devote himself more intensively to 
the Kucera's anomalies. A decisive step 
forward was made when Heyrovsky 
determined, by the drop weight method, 
the decomposition voltages of some 
metallic ions, e.g., of Zn"*"^, Cd”^"^, Mn"^*** 
and Ba"*"^. He presented the results in a 
meeting of the Czech Mathematical and 
Physical Society in the presence of 
Kucera, shortly before the latter died in 
1921. Subsequently, it occurred to Hey¬ 
rovsky to measure simultaneously the 
current that passed through the dropping 
electrode. For this he obtained a sensi¬ 
tive mirror galavanometer from his for¬ 
mer teacher Zaviska and set up his 
laboratory in the Chemical Institute. 
From the first current-voltage curves 
which he obtained, he immediately fore¬ 
saw the potentialities of the method! He 
then put aside the problem of Kucera's 
anomalies and devoted himself to de¬ 
veloping this new method. The first 
account of this innovation was pub¬ 
lished in the Czech Journal, Chemicke 
Listy (1922, 16, 256) and later more 
fully in the Philosophical Magazine 
(1923, 45, 303). The first discussion 
abroad took place at the Meeting of the 
Faraday Society in November 1923, 
with two contributions to the General 
Discussion on Electrode Reactions and 
Equilibria. In the same meeting, a young 
Japanese co-worker of Heyrovsky, M. 
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Figure 5. Jaroslav Heyrovsky (taken in 
1948). 



Figure 6. Heyrovsky with Raman in 
Prague, 1958. 

Shikata presented a paper on the electro- 
reduction of nitrobenzene at the drop¬ 
ping mercury cathode. The following 
year, Heyrovsky and Shikata con¬ 
structed an apparatus for automatically 
registering the current-voltage curves 
and called it the polarograph (see Figure 
3). An account of this can be found in 
Rec. Trav, chim, des Pays-Bas (1925, 
46, 496). With this device, polaro- 
graphic researches began to speed up 
and Faraday’s motto, ‘Work-fmish- 
publish’ found its place on the walls of his 
laboratory. Thanks to Brauner’s efforts, 
Heyrovsk)/ became an Assistant Professor 
in 1922 and Ordinarius Professor of Physi¬ 
cal Chemistry in 1926. In 1.922 he was 
appointed the Director of the newly estab¬ 
lished Department of Physical Chemistry 
of the Charles Univesity, at the extended 
premises of the Chemical Institute. 

In 1925 Heyrovsky went in pursuit of 
the element No. 75 using his new 


method to concentrate the nobler im¬ 
purities in maganese salts. By X-ray 
analysis with the co-operation of V. 
Dolejsek (the discoverer of the N series 
of X-rays), Heyrovsky and Dolejsek 
thought they discovered ‘dvimanganese’ 
(later called rhenium). However, this 
claim was withdrawn after more ex¬ 
periments. During this period in 1926 
Heyrovsky spent five months in 
G. Urbain’s Laboratory in Paris as a 
Rockefeller Fellow. Since those years, 
Ramsay’s remark ‘Progress is made by 
trial and failure’ also appeared on the 
walls of his laboratory. 

^ In^ 1929, Heyrovsky and 
&munek found that the anomalous 
maximum observed on the electrocapil¬ 
lary curve by Kucerawas associated 
with the reduction of air oxygen dis¬ 
solved in the solution. The polaro- 
graphic reduction of oxygen found 
extensive application in the determina¬ 
tion of oxygen in biological contexts. 
By this time, Heyrovsky’s research 
group consisting of very able to enthu¬ 
siastic scientists, was expanding rapidly 
and many aspects of experimental and 
theoretical polarography were gradually 
solved. A notable co-worker was D. 
Ilkovicwho helped to quantitatively 
establish the equations for the current- 
voltage characteristics. 

Around this period, in order to bring 
Czechoslovak science to the world 
platform, Heyrovsky in collaboration with 
Emil Votocek, founded the Anglo-French 
Journal, Collection of Czechoslovak 
Chemical Communications and since 1929 
practically all the polarographic papers 
were published in English in this jour¬ 
nal. In 1933 Heyrovsky was a Carnegie 
Visiting Professor and he lectured on 
polarography for six months in the Uni¬ 
versities in Barkeley and Stanford and 
at Caltech and visited various Universi¬ 
ties in the mid and eastern States. In 
1932 as a result of the visit by the noted 
German analyst W. Bottger, Heyrovsky . 
wrote an account of his work in Volume 
II of Physikalische Methoden der Ana- 
lytischen Chemie, which appeared in 
1936. A Russian edition of Heyrovsky’s 
book on polarography (edited in Prague 
in 1933) appeared in 1937. Soon po¬ 
larography spread to many corners of 
the world, both through his many pupils 
and by his visits abroad. 

During World War II, polarography 
was found useful for quick metallurgical 


analyses. Thanks to the kindness of the 
anti-Nazi friend, Jan Bohm, Heyrovsky 
could work in Bdhm’s laboratories. This 
enabled him to finish his large text¬ 
book, Polarographic in 1941 (Springer- 
Verlag, Vienna) and start oscillographic 
polarography using both the DME and 
the streaming mercury electrode. After 
the war, Heyrovsky lectured in England 
in 1946 and for two months in 1947 in 
Sweden and Denmark. In 1950, the 
Czechoslovak Government enabled 
Heyrovsky to establish the Central Po¬ 
larographic Research Institute and he 
was nominated as its Director. As the 
research group was getting large, the 
Institure, belonging to the Czechoslovak 
Academy of Sciences since 1952, got 
gradually four or five buildings in dif¬ 
ferent parts of Prague. From 1954, Hey¬ 
rovsky’s office and some research 
laboratories were located in a building 
marked by three roses in Vlasska Street. 
Another motto on the walls of the Insti¬ 
tute was that of Newton: ‘A man must 
resolve either to produce nothing new or 
to become a slave to defend it.’ 

Heyrovsky was very much attached to 
this Institute and remained an honorary 
Professor at the Faculty of Science of 
the Charles University, giving lectures 
and holding practical classes. He was 
fond of his students and research team, 
but was delicately firm as far as punc¬ 
tuality, non-smoking and devotion to 
research was concerned. He went 
around the laboratories daily and held 
regular seminars on Saturdays so that 
the whole group located in different 
buildings could gather for discussing 
the latest developments. The scope of 
polarography had now increased tre¬ 
mendously. His kind and magnetic per¬ 
sonality gained for him research 
workers who respected and loved him 
and polarography and helped spread the 
method all over the world. Many scien¬ 
tists came from abroad to visit him and 
the Institute. Of these was also Sir C. V. 
Raman (see Figure 6) from Bangalore, 
in 1958. Those who stayed and worked 
with him went back with excitement and 
established active centers of polaro¬ 
graphic research in their countries. To 
name a mere few, M. Shikata in Japan, 
W. Kemula in Poland, O, H. Muller in 
the USA, K. Wiesner in Canada, E.T. 
Verdier in France, G. Semerano in Italy, 

H. Berg in Germany and numerous oth¬ 
ers. Heyrovsky’s scientific merits were 
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recognized by many awards and his 
nomination to various distinguished 
scientific societies at home and abroad. 
The most prestigious award, the 
Nobel Prize, was awarded to him in 
1959. 

At the beginning of the sixties, since 
his health started declining, he retired 
from the post of the Director in 1963, 
but continued going to his Institute. 
However, his large circle of polarogra- 
phers continued exploring various as¬ 
pects of polarography both in his 
Institute and abroad. The highly suc¬ 
cessful and deeply respected Heyrovsky 
•breathed his last on 27 March 1967, 
leaving behind countless mourners 
which included his wife Marie, daugher 


Jitka and son Michael. A detailed bio¬ 
graphy of his life along with a complete 
list of his work was published in his 
honour in the same year in Volume 13 
of the Biographical Memoirs of Fellows 
of the Royal Society. 

Rajalakshmi Heyrovskd is in the Acad¬ 
emy of Sciences of the Czech Republic, 
J. Heyrovsky Institute of Physical 
Chemistry, Dolejskova 3, 182 23 Praha 
8, Czech Republic. 

Rajalakshmi Heyrovskd obtained her 
B Sc from the MaharanVs College for 
Women, Bangalore and joined the De¬ 
partment of Inorganic and Physical 
Chemistry of the Indian Institute of Sci¬ 
ence in 1956 where she received her 


M Sc by research. Subsequently she 
on the staff .of the Department of 
until 1964, when she left Indio and got 
her Ph D from the University of Cany 
bridge, UK. Currently, she is working in 
the Academy of Sciences of the Czec i 
Republic. She is the author of ‘wet-cinc - 
measure' and ‘current-spike' polcito^ 
graphy, and has quantitatively itUei - 
preted (for the first time) the non-'ideci 
properties of strong electrolytes in 
aqueous solutions in terms of partial 
dissociation and hydration front zeio 
to saturation'. 

She is married to Michael Heyrovsky 
(son of J. Heyrovsky), who is an active 
polarographer. They have a daughtei, 
three sons and a little granddaughter. 
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MINISTRY OF SCIENCE AND TECHNOLOGY 

DEPARTMENT OF SCIENCE AND TECHNOLOGY 

JSPS POSTDOCTORAL FELLOWSHIPS: 1998-99 

Department of Science and Technology (DST) invites appiications from promising and quaiified 
researchers for Postdoctoral Fellowships to Japan for 1998-99 offered by the Japan Society for the 
Promotion of Science (JSPS) under its JSPS Postdoctoral Fellowship for Foreign Researchers 
Programme. There are five fellowships to be nominated by DST under the framework of india-Japan 
Cooperative Science Programme (IJCSP). 

1. FIELDS OF RESEARCH 

a. Molecular Structure Dynamics and Molecular Materials, including Supramolecular Science; 

b. New Materials; 

c. Manufacturing Sciences; 

d. Modern Biology & Biotechnology; and 

e. Astronomy & Astrophysics. 

2. ELIGIBILITY 

Applicant should: 

a. be a citizen of India; 

b. be an affiliate of a recognized scientific institution in India. Researchers iike CSIR/UGC JRFs, 
SRFs and RAs or similar positions may also apply; 

c hold a doctorate degree when the fellowship goes into effect, which must have been received 
within six years prior to 1 Aprii 1998; 

d. have arranged in advance his/her research plans with his/her Japanese host researcher; 
(application without a copy of the consent letter from host researcher in Japan will not be 
considered) and 

e. be able to forward the application through proper channel of the parent institution. 

3. DURATION AND COMMENCEMENT OF FELLOWSHIP 

a. Fellowships are awarded for a period of 24 months (if the candidate does not require 24 months 
to complete the research in Japan, one may propose a shorter fellowship tenure of at least 12 
months); 

b. Each Fellowship must begin between 1 October 1998 and 31 March 1999. 

4. FINANCIAL TERMS 

All expenses for travel to Japan, Fellowship and stay cost are borne by JSPS. 

5. HOST RESEARCH INSTITUTIONS IN JAPAN 

Fellows can conduct their research in the following Japanese institutions: 

a. Universities; 

b. Inter-university research institutes; 

c. Research institutes/scientific research corporations under the jurisdiction of the ministry of 
Education; Science, Sports and Culture (the Monbusho). 

6. APPLICATION PROCEDURE 

The Application Forms can be obtained by sending a request to Shri G. Padmanabham, Principal 
Scientific Officer, Internationai Division, Department of Science & Technology, Technology Bhavan, 
New Mehrauli Road, New Delhi 110 016. Request for application should be received latest by 15 
May, 1998 along with a self-addressed unstamped envelope (12 cm x 27 cm) entitled ‘JSPS PD 
Fellowship FY 1998’. The duly filled in application form should be forwarded through proper channel 
latest by 15 June, 1998. 


558 


CURRENT SCIENCE, VOL. 74, NO. 6, 25 MARCH 1998 





BIRBAL SAHNI INSTITUTE OF PALAEOBOTANY 

53, UNIVERSITY ROAD, LUCKNOW 226 007, INDIA 

PROF. T. M. HARRIS MEDAL - 1998 

Applications are invited by the Birbal Sahni Institute of Palaeobotany, Lucknow for 
the award of Prof. T. M. Harris Medal - 1998. 

The selection of the candidate(s) shall be made for the best paper published in the 
subject of palaeobotany or any allied discipline in any refereed journal released 
during the period 1 April 1996 to 31 March 1998 excluding The Palaeobotanist. The 
papers submitted by the candidate(s) shall be evaluated by an Expert Committee. 
The author/authors can be from the Birbal Sahni Institute of Palaeobotany or from 
outside including foreign countries or both. In the case of multiple authorship, all the 
authors shall receive the award. 

The award shall carry a Medal and a citation. The awardee(s) from within India shall 
be paid economy class airfare or AC 1st class rail fare from residence to the 
Institute and return. The awardee(s) from foreign countries shall be paid economy 
class airfare or AC 1st class rail fare from the International airport/seaport and 
return. 

The application giving details of the paper published which is to be considered for 
Prof. T. M. Harris Medal - 1998, i.e. title of the paper, name of the journal, volume, 
number, year of issue, page numbers with a copy of the published paper along with 
the name, date of birth, nationality, address for correspondence, qualifications and 
specializations, research and professional experience, etc. of the author/all authors 
may be submitted to the Registrar, Birbal Sahni Institute of Palaeobotany, 
53, University Road, Lucknow 226 007 (India) latest by 31 May 1998. Fax: 
91-0522-381948/374528; E-mail: bsip@bsip.sirnetd.ernet.in 

REGISTRAR 
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TENTH INTERNATIONAL CONFERENCE 

on 

RAPIDLY QUENCHED AND METASTABLE MATERIALS 

(RQ10) 

23-27 AUGUST 1999 
BANGALORE, INDIA 

For further information, contact; 

K. Chattopadhyay or S. Ranganathan 


August 1998 
31 January 1999 
31 March 1999 
15 March 1999 
June 1999 


Department of Metallurgy 
Indian Institute of Science 
Bangalore 560 012, India 

DEADLINES 

Second circular 
Abstract submission 
Advance registration 
Paper acceptance 
Final programme 


Tel: 91-80-309-2678 

Fax: 91-80-331-2991 

e-mail: rqten@metalrg.iisc.ernet.in 

website: http;//www.metalrg.iisc.ernet.in/~rqten 


Call for applications for beamtime allocation on Japanese Super 

Photon Ring - 8 GeV (SPring-8) 

The Department of Science & Technology (DST), Government of India under the bilateral Science & Technology 
agreement with Japan is promoting the use of beamlines at Japanese 8 GeV Synchrotron Radiation facility (SPring- 
8) designed to be one of the biggest third-generation synchrotron radiation sources in hard X-ray region by the 
Indian scientific community. DST invites proposals for experiments on their public beamlines as follows: 

(1) XAFS energy range 3-5-90 keV (Beamline BL01B1); (2) Crystal structure analysis 5-50 keV (Beamline 
BL02B1): (3) High temperature research (Beamline BL04B1); (4) High energy inelastic scattering (Beamline 
BL08W); (5) Nuclear resonant scattering (Beamline BL09XU); (6) Extremely dense state (Beamline BL10XU); (7) 
Soft X-ray spectroscopy of solid (Beamline BL25SU); (8) Soft X-ray photochemistry (Beamline BL27SU); (9) Physico 
chemical analysis (Beamline BL39XU); (10) Biocrystallography (Beamline BL41XU). 

Further details of beamlines may be obtained by writing to Shri G. Padmanabham, Principal Scientific Officer, 
International Division, Department of Science & Technology, Technology Bhawan, New Mehrauli Road, New Delhi 
110 016 (Fax No. 011-6862418) or JASRI’s Users Office and Spring-8’s WWW Homepage: 
http://4users.spring8.or.jp/Registration/forms/forms.html (Engiish version). 

Typical experiment at SPring-8 would take about a week and request for two scientists per experiment can be 
considered. Scientists are encouraged to contact the respective beamline coordinators prior to making proposal. 
Collaborative experiments with Japanese for joint experiments at Spring-8 beamlines may also be proposed. 

The scientists are requested to send their proposal in prescribed format to DST by 30 April 1998. 

The applications invited under this advertisement will be subject to an initial scrutiny within India by DST through 
an ‘Expert Committee’ followed by another round of evaluation by ‘JARSRI’s Proposal Review Committee’. 

Once the proposal qualifies the two step evaluation, DST will fund the international air travel expenses and 
Spring-8 authorities will provide the daily allowance for the Indian scientist to cover board, lodging and local 
transport in Japan ©Yen 40,000/week. 
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In this issue 


Scientific research careers: 
Holding patterns 

One of most disconcerting features 
of a scientific career (in India and 
elsewhere) is that very highly quali¬ 
fied personnel can remain ‘un¬ 
employed’ for short to long periods 
at crucial stages of their career while 
they are making the transition from 
an earned doctoral degree to a per¬ 
manent job or from foreign training 
or assignment to one at home. This 
could be one more reason why the 
younger generation does not take so 
kindly to a career in science when 
so many softer and more lucrative 
options (writing software; selling 
soaps, derivatives, or whatever) 
materialize in a globalized, liberal¬ 
ized economy. 

The Human Resource Development 
Group at CSIR sits on a wealth of 
data related to the HRD scenario in 
S&T in the country. In this issue 
(page 578) we have a profile of 
Senior Research Associates (SRAs) 
who are kept in “Holding patterns” 
in a “Scientists’ Pool” (the aero¬ 
nautical and nautical metaphors don’t 
seem to mix well!) until they are 
permanently settled. Over a forty- 
year period, offers were made by the 
CSIR to nearly 20,000 aspirants and 
over 10,000 accepted the Associate- 
ship. The present study is confined 
to nearly 900 SRAs who left the 
scheme during 1991—95 after serving 
full (three years) or partial tenures. 

That the average age of SRAs at 
the time of joining the pool ranged 
from 32 to 35 years across disciplines 
is most demoralizing as these are 
young men and women at the height 
of their powers. Nearly a third stay 
for a full term of 36 months. If the 
purpose of the scheme is to nurture 
and develop genius and talent, 
stipends and conditions should be 
made much more handsome and not 
paltry and demeaning as they often 
are. The promise of ‘. .. utilizing 


[one’s] full potential .., while search¬ 
ing for a job’ seems to be an obvious 
contradiction in terms. 

Clever as we scientists are, we 
have still not found a simpler way 
to absorb highly qualified people 
without such a waste of precious 
time and nervous energy. It is 
impossible to imagine MBAs fresh 
out of Business School being held 
in limbo like this by the corporate 
sector. The only profession where 
long internship is the norm is the 
medical profession and the present 
survey confirms this - more than half 
(493 out of the 899 sampled) were 
placed in medical colleges and hos¬ 
pitals. Unfortunately, the psychologi¬ 
cal trauma that can accompany such 
extended tenures is rarely captured 
in ‘beam-counting’ statistical surveys 
such as this; perhaps the HRDG will 
in future look at the larger socio¬ 
logical and psychological under¬ 
currents of such schemes. That such 
schemes exist shows our failure to 
evolve strategic procedures where 
freshly trained R&D scientists can 
go directly from school to profes¬ 
sional laboratory bench. 

There is no doubt that the SRA 
scheme is a safety net cushioning 
highly qualified personnel from 
actual unemployment in periods of 
career change. The CSIR scheme is 
particularly generous and foresighted 
in the flexibility it offers. There is 
evidence to indicate that many asso¬ 
ciates have in fact gone on to dis¬ 
tinguished careers. Sadly, systematic 
tracking of the career paths of SRAs 
after their internship is poor - records 
are available for less than half of 
the Associates. An equally valuable 
exercise may be to track the half of 
applicants who have declined the 
offer to know for sure what greener 
pastures beckon them. A more 
complete record would be very 
valuable. 

G. Prathap 


Visualization of cloud-like flows 

When one watches, in awe, a rapidly 
changing mass of cumulonimbus 
cloud, one does not need much tech¬ 
nical knowledge to conclude that it 
must be a very complicated object 
involving difficult physics. The 
boundaries are not well defined and 
change with time and the cloud is 
clearly not made of a single con¬ 
stituent alone. In fact, clouds are, in 
general, dynamically changing mix¬ 
tures of air, water, water vapour and 
ice. As a consequence, both dynamics 
and thermodynamics play important 
roles in cloud physics. To start with, 
the cloud medium is in constant 
motion internally with complicated 
secondary motions superposed on the 
normally present updrafts. Since 
clouds can be so large, the length 
scales are too and so the effective 
Reynolds numbers, which give us 
some idea of the relative importance 
of inertial forces to viscous forces, 
are enormous. Under such circum¬ 
stances, turbulence is the norm and 
is in a Reynolds number range which 
is very difficult to simulate in the 
laboratory. It is sobering to note that 
in such flow fields the largest scales 
can be of the order of kilometers 
while the smallest (dissipative scales) 
are of the order of millimeters or 
less. 

If clouds can contain water in their 
three phases, a natural question then 
is, how might phase change affect 
the cloud phenomenon? One might 
naively hope that the latent heat 
release, which for water is very large, 
might significantly affect the thermo¬ 
dynamics alone, i.e. principally affect 
the temperature distribution alone 
without greatly changing the flow 
field. To get some idea of what is 
involved, consider a small parcel of 
moist air rising inside the cloud on 
account of buoyancy. As it rises it 
cools but if the water vapour gets 
saturated, condensation may occur; 
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the resultant heat release can warm 
the air, further aiding the buoyancy 
of the parcel of air and helping it 
to rise further. This is but one pos¬ 
sible scenario. In their article 
Venkatakrishnan et al (page 597) 
show that things can be very com¬ 
plicated and that in fact heat release 
can considerably change the dyna¬ 
mics of the turbulent flow field. 

Venkatakrishnan et al report on a 
series of flow visualization studies 
conducted on turbulent jets and 
plumes (which are more cloud-like) 
in water. Volumetric heating is in¬ 
jected to simulate the effect of heat 
release in clouds. By using a laser 


sheet and a fluorescent dye it is 
possible to obtain visualizations of 
instantaneous axial and normal sec¬ 
tions of the fields with and without 
heating so that the effects of heat 
addition on the fields, if any, can 
be seen. The technique permits one 
not only to estimate the growth of 
the jet/plume with distance but also 
to clearly visualize sections of the 
vortical structures that make up the 
organized structures in these turbu¬ 
lent flows. In particular, this permits 
one to examine the highly contorted 
surfaces separating the jet/plume 
fluid from the ambient fluid, regions 
crucial to the mixing process. 


The authors of this study find that 
both in the plume and the jet, the 
structure and dynamics are altered 
considerably by volumetric heating. 
Not only is the spread of the plume 
arrested but there is considerable dis¬ 
ruption of the large eddies in the 
field. Thus, volumetric heating, more 
than merely enhancing the buoyancy 
of the plume or jet, significantly 
affects the whole entrainment proc¬ 
ess. This conclusion has an important 
bearing on, among other things, the 
question of the effect of phase change 
on the dynamics of clouds. 

P. N. Shankar 


CURRENT SCIENCE 

SUBMISSION IN 
ELECTRONIC FORM 

A uthors who have been informed of acceptance of their manuscripts may send 
the final version in electronic form on floppy diskette (3.5" preferred; IBM 
PC format only, not Mackintosh). The text of the manuscript only should be 
supplied as a plain ASCII file with no formatting other than line and paragraph 
breaks. (WordStar 5.5 or 7.0 and Microsoft Word for Windows 6.0 are acceptable, 
but ASCII is preferred.) A hard copy of the text, with all typesetting information 
(italics, bold, mathematical type, superscripts, subscripts, etc.) must accompany the 
ekctronic copy. Tables and figures must be supplied only as hard copy. The 
diskette must be labeled clearly with the following: manuscript number, file name, 
file information (ASCII or WordStar, version number, etc.). 

Text may also be transmitted as ASCII only by e-mail to currsci@ias.ernet.in. 

We expect that electronic submission will result in quicker processing for publication. 


i 

I 


564 


CURRENT SCIENCE, VOL. 74, NO. 7, 10 APRIL 1998 









Volume 74 Number 7 


10 Apra 1998 


CORRESPONDENCE 


How cheap can a medicinal plant species be? 


It is indeed fascinating that two thirds 
of the world’s population depend upon 
plant resources for their primary health 
care needs ^ and a fairly large number 
of modern drugs are derived from, mod¬ 
eled after, or discovered from plant natural 
products, following leads provided by 
indigenous knowledge systems^. This has 
added to the growing popularity of herbal 
products, as part of new health programme 
in developed countries, and together with 
the traditional demand of the third world 
nations, has led to a steady increase in 
market for medicinal plants, the world 
over^. 

The article ‘Ethnotherapeutics and 
modern drug development: The potential 
of ayurveda’ (Sukh Dev, Curr. ScL, 1997, 
73, 909-928) makes valuable reading on 
this traditional plant-based knowledge in 
curative therapies. However, the rapidly 
changing scenario on the current status 
of medicinal plants raises some vital ques¬ 
tions like, where do these species come 


from? What should a medicinal species 
cost? 

It has been reported that nearly 95% 
of the plants used traditionally as ingre¬ 
dients in crude drugs are collected from 
forest and other natural sources'^. These 
species, collected as minor forest produce, 
however, show wide disparity in their 
market values, due to lack of information 
on their life cycles, maturity and regene¬ 
ration times^, all of which change the 
quality and quantity of the active chemical 
ingredients present. Besides, very litde is 
known about the biotransformation that 
take place once the crop is harvested 
(post-harvest handling). Broad estimates 
on the market value of tropical forests 
species range from about $ 1 to about 
$ 420/ha/year (ref 6). In India, the total 
value of non-timber goods from a tropical 
deciduous forest is estimated at $4034 
to $ 6662 per hectare (ref. 7). 

At the individual species level, an av¬ 
erage price paid to herb gatherers and 


small farmers for medicinal plants in the 
Peruvian Amazon forest is estimated® at 
US$ 2.80 per kg, which is quite compa¬ 
rable to many of the Himalayan medicinal 
species (Table 1). Amazingly, several of 
these species sold in Indian market have 
been shown either to be ‘unrealistically 
cheap’ or with too much variation in the 
rates. 

Acorus calamus, Angelica glauca. Ber¬ 
genia ligulata, Nardostachys grandiflora, 
Picrorhiza kurrooa. Rheum australe, etc. 
have been quoted to sell at a meagre 
rate of around Rs 20, or even less, per 
kg dry weight biomass. This is far cheaper 
than most of the seasonal vegetables sold 
in hills, calculated on the dry weight 
basis, for which well-established agro¬ 
packages are available. 

A lot of these high-altitude mountain 
species are habitat-specific and may flour¬ 
ish only within narrow range of environ¬ 
mental suits. A. calamus, Hedychium spp. 
and Dactylorhiza hatagirea are restricted 
to moist or wet areas, Bergenia prefers 
sloppy, rocky sites, species of Valeriana 
and Viola are essentially shade-loving, 
while species of Aconitum, Jurinea 
macrocephala, Picrorhiza kurrooa and 
Rheum australe are herbs of temperate 
and alpine zones, which grow in sparser 
plant densities per unit area in their natural 
habitats®, and may require more than one 
growing season to develop appropriate 
proportions of the desired secondary 
metabolites. 

The stated lower cost of many species 
therefore, is not only grossly misleading 
the commercial estimates but also 
greatly under-value our valuable natural 
resources. 

Another major issue requiring our 
immediate attention refers to the adul¬ 
teration of industrial raw material with 
related plant species^. For instance, most 
of the species of Swertia are sold under 


Table 1. Variation in the market price of medicinal plants 


Rates (Rs/kg dry wt) 

Species 

Our survey* 

Ref. 12 

Ref. 13 

Ref. 14 

Aconitum ferox 

600 

__ 

60-80 


A. heterophyllum 

1000 

50 

250-300 

160-200 

Acorus calamus 

18 

18 

18-20 


Angelica glauca 

20 

_ 


50-60 

Berberis sp. 

20 

_ 

1-2 


Bergenia sp. 

10 


12-14 

6-9 

Centelfa asiatica 

- 

15 

20-32 


Dactylorhiza hatagirea 

600-800 

- 

-- 

500-1000 

Hedychium spicatum 

30-50 

200 

— 

_ 

Jurinea macrocephala 

60-100 

- 


20-25 

Nardostachys grandiflora 


100 

85-95 

10-12 

Picrorhiza kurrooa 

80-140 

75 

60-80 

10-20 

Rheum australe 

- 

27 


15-20 

Swertia chirayita 

45 

115 

80-100 


Taxus baccata 

30 

- 

— 

3-7 

Valeriana jatamansi 

70 

45 

85-90 


Viola spp. 

400 

- 

350-400 

- 


*lnformation based on our surveys in Himachal Pradesh. 
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Dactylorhiza hatagirea (D. Don) Soo. 
A medicinal plant of temperate-alpine 
regions of western Himalaya distributed 
between 2800 and 4000 m above mean 
sea levei. 

the trade name chirayita, the most sought- 
after species of the genus. The species 
has been highly valued in the Tibetan 
system of medicine, and like other 
medicinal plants, was collected across the 
Himalaya by Lamas in earlier days. It is 
now said to be purchased in the open 
market at Amritsar. 


Plant samples in the market are stored 
under undesirable conditions, over the 
years, and often contain multiple species 
mixturethus adversely affecting their 
bioefficacies. It is generally felt by Lamas, 
practising medicine in the Tibetan School 
at Dharamshala in Himachal Pradesh, that 
the efficacy of many of their drugs, pre¬ 
pared on the same traditional formulation, 
is fading now, apparently because of the 
adulteration in the dried raw material 
purchased in the market. This may not 
be an exclusive case but holds true for 
several other formulations prepared in 
other indigenous system of medicine as 
well^^ 

Adulteration seems, therefore, challeng¬ 
ing not only the curative capacity, but 
the very faith in crude drug approach. 
The efficacy of schools of medicine, once 
built upon the tests and trials spanning 
hundreds of years, are being challenged, 
for reasons unrelated. 

At a stage of uncertain raw material 
supply, and undefined limits of sustain¬ 
ability, while species continue to be 
extracted despite claims of cultivation, 
our joy of phytochemical discoveries is 
deeply shadowed by the fear of extinc¬ 
tions. 


1. Farnsworth, N. R., in Ethnobotany and the 
Search for New Drugs (eds Chadwick, D. J. 
and Marsh, J.), John Wiley and Sons, 
England, 1994, pp. 43-59. 

2. Cox, P. A., in Ethnobotany and the Search 
for New Drugs (eds Chadwick, D. J. and 


How intangible is the outside world? 


The recent article of Mukunda^ based on 
his lecture ‘Existence and reality in mathe¬ 
matics and natural science’ gives an in¬ 
teresting account of the debate on the 
subject, and leaves no doubt that he 
prefers the company of believers though 
it ends on a somewhat ambiguous 
note. He states: ‘Strange as it may in¬ 
itially seem and hard as it may be to 
accept, we seem driven to this conclu¬ 
sion - because mathematics is essential to 
describe nature, we have to adopt a more 
open view of existence and reality going 
beyond space, time and the, tangible. The 
problem of existence and reality is much 
subtler than our naive expectations may 


have been.-Mathematics then, like nature, 
has also an intangible level of existence.’ 
The argument is far from persuasive and 
is in fact erroneous as I discuss in the 
following (see note 1). 

The root of the error lies in using 
‘knowledge’ and ‘capacity for knowledge’ 
as biologically equivalent when he states’, 
‘And what is the result of slow learning 
through evolution for a species as a whole, 
lasting hundreds of thousands of years, 
seems to the individual member of the 
species as a priori, as knowledge, or 
better as capacity for knowledge, he is 
born with in advance of experience’ 
(emphasis added). Delbruck’s statement 
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quoted in its support is valid strictly for 
‘the capacity for knowledge’ which should 
be interpreted as the appropriate biological 
organ, the brain, and not the knowledge 
that is acquired by learning processes 
facilitated by this organ. Instincts, viewed 
as innate rational behaviours which are 
demonstrably genetically inherited, do not 
form a body of conscious knowledge of 
the category acquired by higher-order 
learning processes and embodied in sym¬ 
bolic knowledge such as mathematics im¬ 
plied in the article. No serious biologist 
today would dispute the impossibility of 
inheriting symbolic knowledge by encod¬ 
ing it in the DNA to be passed on to 
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the next generation - that would tanta¬ 
mount to asserting Lamarckian evolu¬ 
tion - though the evolution of the 
complexity of the brain by Darwinian 
selection would be considered feasible 
over a period of millions of years. Mathe¬ 
matical knowledge, as we know, is passed 
on to the next generation symbolically 
as written matter without coding it in 
DNA. The capacity of making sense of 
this symbolic matter is, however, passed 
on genetically as the brain with all its 
complexity whether or not the parents 
had acquired the knowledge. The psy¬ 
chological problem arises primarily from 
the complexity of the functions of the 
brain which is difficult to comprehend 
unless one looks deeply into the equally 
complex structure and the process of 
development of the brain. He is dissatis¬ 
fied with the explanation based on the 
concept of ‘emergent phenomenon’ in the 
evolution and functioning of the human 
brain. Presumably, there would be no 
problem in accepting the emergent chemi¬ 
cal properties of a benzene molecule from 
an aggregate of twelve atoms as quite 
natural. Francis Crick uses this example 
to deride the mystical meaning sometimes 
attached to the term emergent thus^: 

Tt is curious that nobody derives some 
kind of mystical satisfaction by saying 
“the benzene molecule is more than the 
sum of its parts,” whereas too many 
people are happy to make such statements 
about the brain and nod their heads wisely 
as they do so. The brain is so complicated, 
and each brain is so individual, that we 
may never be able to obtain second-to- 
second detailed knowledge of how a par¬ 
ticular brain works but we may hope at 
least to understand the general princi¬ 
ples of how complex sensations and be¬ 
haviors arise in the brain from the 
interactions of its many parts.’ 

It is important that we first understand 
the general principles of the working of 
the brain before asserting our confidence 
(using this ill-understood brain!) in the 
existence of reality in mathematics or, 
which is the same as, mystifying the 
outside world by attributing intangible 
properties to it as suggested by Mukunda 
quoted earlier. This itself may turn out 
to be an impossible task to accomplish. 
Penrose’s argument implies that function¬ 
ing of the brain may not itself be ade¬ 
quately understood by symbol 
manipulation which is the basis of com¬ 
putation, in howsoever powerful compu¬ 


ters we may imagine that can ever be 
built^ For instance, while relating con¬ 
scious understanding, especially mathe¬ 
matical, to the scientific world-view he 
concludes: 

‘. .. that it is essentially impossible that 
such a quality can have arisen as feature 
of mere computational activity nor can 
computation even properly simulate 
it-and I should emphasize that there is 
no suggestion, here that there is any thing 
special about mathematical as opposed 
to any other kind of understanding. The 
conclusion is that whatever brain activity 
is responsible for consciousness (at least 
in this manifestation) it must depend upon 
a physics that lies beyond computational 
simulation’ (emphasis original; ref. 3, p 
411). 

Penrose is, however, optimistic that an 
intelligent device capable of displaying 
consciousness would be possible to build, 
‘so long as such a device were not a 
“machine” in the specific sense of being 
computationally controlled. Instead it 
would have to incorporate the same kind 
ol physical action that is responsible for 
evoking our own awareness. Since we 
do not yet have any physical theory of 
that action, it is certainly premature to 
speculate on when or whether such a 
putative device might be constructed.’ 
(ref 3, p. 393). 

A cautious approach suggested by Crick 
may be a more sober working hypothesis^: 

‘... that there is indeed an outside 
world, and it is largely independent of 
our observing it. We can never fully 
know this outside world, but we can 
obtain approximate information about 
some aspects of its properties by using 
our senses and the operations of our 
brain. Nor, as we shall see, are we aware 
of everything that goes on in our brains, 
but only some aspect of this activity. 
Moreover, both these processes - owr 
interpretation of the nature of the outside 
world and our own introspections - are 
open to error. We may think that we 
know our motives for a particular action, 
but it is easy to show that, in some cases 
at least, we are in fact deceiving our¬ 
selves.’ (emphasis added). 

Several instances of such deceptions in 
the well-studied phenomenon, simply one 
of several complex functions of the brain, 
visual perception, have been discussed in 
The Astonishing Hypothesis, Additional 
to the above limitations, there is a real 
problem of understanding #ie evolution 


of the brain of the Homo sapiens by 
Darwinian selection which has eluded 
explanation so far. Knowing full well 
that we can only hope to get some 
approximate information of the outside 
world, is it reasonable to attribute reality 
to mathematics which is a product of 
complex brain functions, as Mukunda 
clearly advocates: ‘granted that mathe¬ 
matics is of some use in formulation of 
natural laws, why does it turn out so 
fantastically accurate, so much more so 
than we could have reasonably ex¬ 
pected?’? On precisely which fact(s) the 
reasonableness of the above expectation 
founded is not clear from the article. If 
it is based on the premise of implausibility 
of the ‘fantastically accurate’ symbolic 
representation of the outside world and 
its natural laws, then it is no sounder 
than attributing an objective reality to the 
accepted mathematical representation of 
the current concepts of physical theories. 
We, however, know that it is just as 
tentative a symbolic representation as any 
of the past, each discarded by the suc¬ 
cessive ones because of the very nature 
of acquiring symbolic knowledge by the 
methods of exact sciences"^ and certainly 
not by Darwinian selection of the brain 
structure from amongst genetic variants. 
A mathematical representation of a new 
physical theoiy that does not require mat¬ 
ter to be viewed as something intangible 
at subatomic level could replace the quan¬ 
tum theory in future and yet it may have 
its own unsuspected defects which would 
surface later. Therefore, it would be 
incorrect to consider the mathematical 
knowledge as real as the one generated 
at the lowest level by the sensory stimuli 
from the outside world, which is in 
essence independent of the mechanism by 
which our brain encodes and interprets 
these stimuli for communication to 
another individual or for introspection by 
using symbols. The mathematical know¬ 
ledge is a product of the processing func¬ 
tions of the brain at a higher level. The 
input information for this processing, 
which can hardly be described adequately, 
is surely going to be a complex mix of 
the output of physical stimuli both internal 
and external to the brain and its prepro¬ 
cessed information in the memory. We 
are totally unaware of what goes on 
during processing. Similar operations of 
the brain, presumably, have given rise to 
our linguistic capability. Therefore, the 
description of nature by mathematics is 


CURRENT SCIENCE, VOL. 74, NO. 7, 10 APRIL 1998 


567 



CORRESPONDENCE 


referential in the same sense as ‘word’ 
is in a language though it is more precise 
and possesses a more internally consistent 
logical structure that, presumably, is 
responsible for its high accuracy of rep¬ 
resenting the outside world. We cannot 
presently rule out with any degree of 
confidence, cosidering its complexity that 
the human brain may develop one or 
more symbolic languages in future which 
could describe nature more precisely than 
the existing mathematical language just 
as mathematics itself evolved long after 
the emergence and use of less precise 
numerous spoken languages. A classical 
essay on ‘counting’ first published some¬ 
time in 1906 by an eminent mathemati¬ 
cian, Conant, describes several tribes in 
the modem world who use their spoken 
languages to communicate but some tribes 
do not have their own numerals and 
others who cannot count beyond three^. 
Apparently, the knowledge of positive 
integers is itself not as innate to a human 
child as assumed by Penrose (ref, 3, p. 
54). Paradoxical and unrealistic solutions 
in descriptions of nature by mathematics 
are numerous and several are quite well 
known to be recounted here. The new 
ones bring in new paradoxes to be dis¬ 
covered after long use in newer situations 
though old paradoxes disappear. There 
are already some situations which seem 
to be demanding a shift of fundamental 
nature from the current description of the 
physical reeility by quantum mechanics 
that has given mystic attributes to matter^ 
If it does change, as it surely must in 
the near future (compared to time nec¬ 
essary to fix a mutation for a more 
efficient brain function within a popula¬ 
tion), and if the reason behind the suc¬ 
cession of ideas in the history of science 
is any guide, it will not be a consequence 
of evolution by natural selection of an 
improved brain anatomy. This is because 
the elimination of those ignorant of (or 
incapable of understanding) the new theo¬ 
ries and geographical isolation of the 
group of newly born wiser individuals 
due to mutations affecting brain function, 
both of which are required by the mecha¬ 
nism of natural selection for the emer¬ 
gence of a new species, obviously, cannot 
occur in the modern world for many 
reasons. It is the realization of the ex¬ 
istence of this block in possible evolution 
of higher species from human population 
that led Wallace, the co-discoverer of the 
theory of evolution by natural selection. 


to believe that it is now the spiritual (not 
biological) evolution that will take over 
and, therefore, parted company of Darwin 
much to Darwin’s disappontment. 

In view of our near-total ignorance of 
how the brain has evolved the capacity 
to use symbols such as ‘words’ as refe¬ 
rence to the outside world and the mecha¬ 
nisms of coding and decoding the implied 
meanings for communication between 
individuals (using well-structured lan¬ 
guage) which exist only in the human 
brain, the suggestion of attributing a sense 
of reality to the mathematical symbols 
and their relationships seems extremely 
premature if not outright absurd at present. 
Mathematical knowledge may be consi¬ 
dered a more sophisticated symbolic lan¬ 
guage compared to written linguistic 
knowledge developed by the sapiens in 
no more than a few thousand 
years - hardly adequate for emergence of 
new species with individual’s life span 
of the order of fifty years. In a recent 
book^, The Symbolic Species, neuroscien¬ 
tist Terrence Deacon persuasively argues 
that the uniqueness of human brain struc¬ 
ture and function is a consequence of 
gradual co-evolution of spoken language 
and the brain for nearly two million years 
by Darwinian selection and adaptation 
from a rudimentary level because of the 
immense reproductive advantage 
bestowed by it on a socially interactive 
group over other similar but competing 
species lacking this facility. Basing his 
arguments on comparative anatomy of 
the brains and corresponding linguistic 
capabilities amongst the primates and 
human, he concludes that the restructuring 
of the brain has acted as a catalyst for 
our astonishing intellectual achievements 
which includes mathematical knowledge^: 

‘Brain-language co-evolution has sig¬ 
nificantly restructured cognition from the 
top-down, so to speak, when compared 
to other species. The prominent enlarge¬ 
ment of prefrontal cortex and the corre¬ 
lated shifts in connection pattern that 
occurred during human brain evolution 
introduced strong biases into the learning 
process and gave human prefrontal cir¬ 
cuits a greater role in many neural proc¬ 
esses unrelated to language. Though 
intense selection was directed toward this 
aspect of mind and brain, its secondary 
effects have also ramified to influence 
the whole of human cognition. Human 
beings approach the world of sensory 
stimuli and motor demands differently 


from other species, particularly with 
respect to higher-order learning processes, 
and these differences are evident even 
when our symbolic linguistics abilities 
are uninvolved’. 

A word of caution may be in place 
here. Since our interpretations and intro¬ 
spection are demonstrably subject to 
errors", the knowledge gathered even by 
the higher-learning processes will, in the 
ultimate analysis, remain vulnerable and 
to that extent tentative, fantastic accuracy 
of the knowledge notwithstanding. Could 
it be that this limitation, perhaps, is 
responsible for our attributing intangible 
qualities to matter and a sense of reality 
(i.e. intangible ‘existence’) to mathemati¬ 
cal knowledge? 
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Note 1. 

In order to minimize likely semantic confusions 
which could obscure the discussion, 1 shall 
use the following words in the sense given 
in The Pocket Oxford Dictionary, fourth 
edition, 1960 print, and the relevant parts 
reproduced here for convenience: 

tangible: (adverb) Perceptible by touch, of a 
material kind, palpable, not elusive or 
visionary. 

knowledge: (noun) Knowing, what one knows. 
know: (verb) Be aware of. 
aware: (adjective, not placed before noun) 
Conscious, not ignorant. 
instinct: (noun) Innate propensity, to seemingly 
rational act; intuition. 
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K-T fossil patterns dispute abrupt mass extinction 

A. V, Sankamn 


Nearly two decades ago appeared the 
remarkable hypothesis by Louis Alvarez 
and colleagues‘ according to which a 
large comet or asteroid (bolide) hit Earth 
at the end of Cretaceous and beginning 
of Tertiary (K-T boundary, about 65 Ma) 
which had resulted in wiping out of 
dinosaurs, ammonites and many other spe¬ 
cies living on the land and sea. Even 
though this impact event and the site of 
its impact over Mexico*’^ are generally 
accepted, a section of scientists differed 
with the views linking it with extinction 
of life; for them, the two were fortuitous 
coincidences. The prolonged debate that 
ensued on the impact-extinction dicho¬ 
tomy only created pro- and anti-impact- 
extinction groups, with neither side mus¬ 
tering enough evidence to convince the 
opposite group. 

K-T extinction is not unique in Earth’s 
long history and bouts of extinction, large 
and small, have appeared periodically; in 
fact, a 26 million year cycle of mass 
extinction episodes during the last 250 


million years was proposed a few years 
ago by Raup and Sepkoskf. Palaeonto¬ 
logists have invariably linked these mass 
extinctions to terrestrial causes — geologic, 
climatic and ecologic. However, the K-T 
bolide hypothesis by the Alvarez team 
was notable for it added a new dimension 
to the on-going studies and set workers 
to seek extraterrestrial causes also to ex¬ 
plain the decimation of biota. It had 
galvanized scientists around the world to 
rummage for extraterrestrial chemical 
links in the K-T strata and for impact- 
related repercussions on the biota, parti¬ 
cularly those belonging to the sub-periods 
Maastrichtian and Danian lying on either 
side of this event horizon. Their search 
in several of the world’s K—T sites yielded 
telltale enrichment of geochemical ly 
scarce Ir, as well as other elements like 
Se, As, Sb, Os, Ni; also, sudden changes 
in faunal diversity, steadily came to be 
recognized in many of these strata. Today, 
eighteen years after the K-T impact 
hypothesis was put forward, a mass of 


literature and symposia proceedings on 
the subject have been published, but, the 
en masse death of dinosaurs and ammon¬ 
ites has remained as enigmatic and con¬ 
troversial as before. 

Geological strata of K-T ages cover 
many parts of the globe, and well- 
preserved fossils of this age occur notably 
at Gubbio in Italy, El Kef in Tunisia, 
Seymour Island in Antarctica, Nye Kl0v 
in Denmark, Caravaca, Zumaya, Agost 
in Spain, Brazos River (Texas), Colvile 
River (Alaska), Montana and other places 
in USA, Majunga Basin in Madagascar, 
Mongolia, China, Peru and New Zealand 
(Figure 1). In India, well-known Maas- 
trichtian-Danian equivalents occur in 
Tiruchirapalle and Pondicherry areas 
in southern India, Narmada River valley 
in western India, and in Meghalaya in 
the northeast India^"^, Though several spe¬ 
cies of microbiota (nannoplanktons, 
Foraminifera), invertebrate (gastropods, 
bivalves, cephalopods, echinoderms) and 
vertebrate macrofauna (fish, reptiles. 



CURRENT SCIENCE, VOL. 74, NO. 7,10 APRIL 1998 


569 




RESEARCH NEWS 


dinosaurs, amphibians) and flora have 
been reported from these Indian beds, 
their pattern of distribution in relation to 
the K—T event has'been worked out only 
for a few localities-e.g. in the Um 
Sohryngkew river section in Meghalaya 
(N.E India), where faunal breaks, their 
decline/and or extinction/survival across 
K~T are documented^‘^. 

Now, MacLeod (Museum of Natural 
History, London) and colleagues (Univer¬ 
sity College and Birkbeck College, 


London) have re-examined voluminous 
fossil records from a number of K-T 
sites around the world and have com¬ 
mented upon the environmental changes, 
their influence on life during that period 
and discussed the claimed abruptness of 
extinction'^''^ (Table 1). They have cate¬ 
gorized the observed extinction patterns 
broadly as progressive (due to relatively 
long-term, moderate intensity environ¬ 
mental change), catastrophic (due to 
short-term moderate-high intensity epi¬ 


sodes of environmental change) and 
stepwise (due to multiple short-term 
moderate-high intensity episodes of 
environmental change) and they view the 
K-T extinction patterns to be the outcome 
of combinations of these three mecha¬ 
nisms. 

Secondly, in deciphering the life during 
K-T for which fossil patterns preserved 
in sedimentary rocks are much relied 
upon, MacLeod et al. have highlighted 
certain sedimentary processes that affect 


Table 1. Summary of the state of K-T fossil record®'®-"'^ 


Fossils 


K-T Localities 


Decline/extinction/emergence 


Nannoplankton-Caicareous 

Dlnoflagellates 

Diatoms (unicellular algae 
having siliceous valves) 

Radiolaria 

Planktonic foraminifera 


Calcareous benthic 
foraminifera 

Corals (reef-building and 
non-reef building types) 

Bryozoans 

Brachiopods 


Cephalopods {Nautilus, 
Ammonites, Belemnites) 

Gastropods and bivalves 


Echinoderms {Hoiothurids, 
Asteroids, Crinoids, 
ophiuroids, echinoids) 

Fishes 


Amphibians 


Lepidosaurs {Rhyncocephalia, 
Squamata, Mosasaurs) land 
and marine reptiles 

Archosaurs (dinosaurs, 
pterosaurs, crocodiles and 
birds) 

Terrestrial plants 


Important marine boundary 
successions 

Tunisia, Antarctica 
Seymour Island (Antarctica) 

USA, New Zealand 

Gubbio (Italy), Tunisia, Spain, 
Texas (USA), Meghalaya 

South Atlantic, Tethyan sites, Spain, 
high southern latitudes, Tunisia 

Tethyan habitat, Oman mountains 


Denmark, US Atlantic coastal 
plains, Madagascar 

Denmark and a few other places 
in Europe 


10 species survived, 80 vanished. 

Pre-impact decline close to K-T due to sea-level rise. 

Survival across K-T 13-100% (84% for Antarctic species) 
attributed to dormant resting spores; unrelated to impact. 

Occurrences patchy but continuity across K-T seen. 

Waves of extinction prior to, at and well after K-T due 
to eustatic sea-ievel/volcanic and impact-related events at 
or near the boundary. 

Opinion about extinction at K-T divided; ecological changes 
induced by eustatic sea-level shifts attributed. 

Extinction of reef-builders and their reemergence In Eocene; 
extinction related to collapse of algal symbiosis due to 
volcanic/impact/tectonic or climatic causes. 

Abundant in late Cretaceous and Tertiary; data do not 
support abrupt K-T extinction. 

Sudden extinction at K-T boundary due either to facies 
change or to fluctuating climate; recovery in early Tertiary. 


Denmark, France, Poland, Austria, 
Bulgaria, Georgia, Antarctica, India 

Tethyan sites, Arabia, India, N. 
France, Baluchistan, Puerto Rico, 
Madagascar 


Nautilloids continued across the K-T, ammonites and 
belemnites gradually declined preceding K-T and vanished 
at the event. 

Most gastropods, bivalves declined and vanished by 
Cretaceous end, only a few survived into Tertiary; some 
bivalves showed diversity reduction at the K-T boundary. 


Denmark, northern Europe, NW 
Europe, Kazakastan 


600 families, over a wide range of 
sediment types around the world 


North America, S. America, Europe, 
Africa, Asia, S.E. Asia, India, 
Sudan, Seychelles 

N. America, China, Mongolia, New 
Zealand, India 

Bolivia, North & South Americas, 
West Africa, Antarctica, India, 
China, Morocco 


Western USA, Antarctica, Canada, 
New Zealand 


Hoiothurian records poor; Ophiuroids and Asteroids survive 
K-T; Crinoids decline after Palaeocene; Bchinoids decline 
across K-T due to loss of habitat and facies changes. 

35 cartilaginous families survived K-T and 7 became 
extinct; reduced survival rate of many others not impact 
related. 

No amphibian extinction at or near K-T boundary and 
several families survive K-T event unaffected. 

Rhyncocephalia decline by mid-Cretaceous; Squamata, 
survived K-T; Mosasaurs, marine lizards decline and fall 
to survive K-T due to eco-changes, 

50% of Crocodilians survived K—T; pterosaurs and some 
dinosaurs decline at K-T, rates varying geographically; Bird 
ancestors, except shore-birds, extinct at K-T; many bird 
orders branched surviving K-T. 

Megafloral changes at/after regional K-T boundary; 
microflora in US sites show abrupt extinction at K-T. 
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their pattern, which, if overlooked, may 
lead to wrong conclusions. For example, 
changes in the rates of sedimentation may 
appear as if there had been an abrupt or 
gradual cessation of deposition (hiatus); 
and likewise, changes in sedimentary 
material or their composition may provide 
favourable conditions for excellent fossil 
preservation. These aberrations which 
sway distribution patterns, if ignored, may 
bias conclusions regarding species diver- 
sity, their decline, extinction or survival. 
The global decline of ammonites during 
early to late Maastrichtian falls in this 
category as this pattern may be due to 
sampling bias resulting from a reduction 
in the number of known localities rather 
than a reflection of the biotic pattern. 
Thirdly, the migration of biota due to 
ecological changes, a feature frequently 
noticed among both terrestrial and marine 
species (sharks are known to have 
migrated to distant geographic sectors due 
to sea-level changes)or reworking of 
older strata leading to transport of fossils 
to younger horizons may, falsely, suggest 
an extended range, the former spatially, 
and the latter, temporally. An example 
of transfer of fossils is the reworking 
seen in south Indian Tiruchirapalle Cre¬ 
taceous site where Maastrichtian fossils 
of the older Ariyalur and Niniyur Groups 
have been transported into younger Ter¬ 
tiary horizonFourthly, index fossils, 
though good as guides for dating, cannot 
be relied upon as unambiguous datum 
markers, e.g. ammonites or dinosaurs, 
though typically Mesozoic, may occur in 
younger beds also. Lastly, patchy or poor 
fossil preservation, phylogenetic and taxa- 
nomic blunders, and errors in sampling 
and laboratory procedures are other pit- 
falls that are known to have affected K-T 
fossil studies in the past. 

MacLeod et al. feel that the late Cre¬ 
taceous period, preceding the K-T, wit¬ 
nessed combinations of earth-bound 
events (global climatic changes induced 
by extensive volcanisms or eustatic 
sea-level changes) which disturbed to 
varying degrees biotic groups in diverse 
geographic habitats, leading to decline 
in their diversity. The much-publicized 
decline of groups of marine calcareous 
nannoplankton and planktonic foramini- 
fera close to the K-T boundary, according 
to them, is unrelated to bolide impact 
since this trend is noticed even prior to 
the impact. Some of these and dinoflag- 
ellate groups are seen surviving into 


younger Danian strata, but whether this 
is due to species survival or the result 
of reworking of components of older 
Cretaceous fauna, is debatable. Isotopic 
tests, however, support the former inter¬ 
pretation. In India too, at the Meghalaya 
site, the planktonic foraminifera and 
nannoplanktons seem to disappear sud¬ 
denly at K“T, but their continuation well 
above this boundary suggests that instan¬ 
taneous extinction does not apply to 
theml Similarly, the pattern exhibited by 
various other forms of life on land and 
sea shows decline/or extinction prior to 
the K-T event, a few at the K-T while 
some are observed to survive across this 
boundary (see Table 1). Whatever be the 
reasons for species decline and survival, 
the faunal diversity took a long time to 
recover and the rates of their recovery 
also varied geographically - the North 
American marine bivalves taking longer 
time than those from Europe or Asia. 
Lastly, one major aspect that has fre¬ 
quently clouded precise interpretation of 
the K-T scenario has been the doubtful 
Judgment of phylogenetic relationship 
(species and genus levels) between Cre¬ 
taceous and Danian taxa. 

MacLeod and others are skeptical about 
the magnitude and abruptness of extinc¬ 
tion within a very narrow time interval 
at the very end of Cretaceous. Instead, 
they maintain that the adverse climatic 
and ecological changes were pulsating 
throughout the upper Cretaceous with 
which the faunal fluctuations observed 
are correlatable. There is also a view that 
such wave-like fossil patterns (stepwise 
extinction and survival) may be the result 
of short-term (few million years) cometary 
impacts In another radical approach to 
explain this wavelike extinction patterns, 
Richard Sole (Universitat Politecnica de 
Catalunya, Barcelona, Spain) and col¬ 
leagues identify a fractal structure in the 
fossil record, which is ‘consistent with 
statistical measures- such as frequency dis¬ 
tribution of extinctions and lifetimes, 
which also exhibit power-law decay’ 
They apply complexity theoiy to explain 
mass extinctions, where a normally stable 
biota, through interactions of the compo¬ 
nents within the system, get poised in a 
state of ‘self-organized criticality’^^ - a 
delicate state during which a minor cli¬ 
matic change will precipitate cascading 
effects that may wipe out most of the 
species. Sole et al. conclude that the 
extent of response to a major mass ex¬ 


tinction event is governed by internal 
biotic organization and not the magnitude 
of external perturbations. The extinction 
will therefore be fluctuating, following 
the power law distribution - a feature 
which according to the authors is well 
applicable to the K-T fossil patterns. 

David Jablonski (University of Chi¬ 
cago) feels that it is indeed difficult to 
differentiate the ‘effects of sudden event 
from those of larger trend’ like, for ex¬ 
ample, drop in sea-level which will not 
only reduce habitable area in marine 
shelves and swamps leading to extinction 
but also ‘reduce outcrops or the breadth 
of palaeoenvironments available for sam¬ 
pling’'^. Notwithstanding the maze of in¬ 
terpretative hazards in assessing the K-T 
extinction, and putting aside judgement 
on the mountain of evidences upholding 
impact triggered mass extinction, un¬ 
doubtedly any answer to this raging con¬ 
troversy"'’'^ has to be supported by 
palaeontological records. Current interdis¬ 
ciplinary efforts employing improved iso¬ 
topic dating, proper verification of 
temporally displaced groups, precise spe¬ 
cies identification and statistically verified 
quantitative portrayal, are bound to pro¬ 
vide answers as to how much of the 
biotic ups and downs of late Mesozoic- 
early Tertiary times are influenced by 
extraterrestrial events. 
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NEWS 

Niels Bohr-UNESCO Gold Medal 


Professor S. Chandrasekhar, Centre for 
Liquid Crystal Research, Bangalore has 
been nominated by the Niels Bohr 
Institute for the award of a Niels Bohr- 
UNESCO Gold Medal in recognition 
of his ‘outstanding contributions to the 
development of liquid crystals and the 


advancement of science in developing 
countries’. The presentation will be made by 
the Director General of UNESCO, 
Dr Federico Mayor, during the symposium 
on ‘Niels Bohr and the Evolution of 
Physics in the 20th Century’ to be held in 
Pairs 27-29 May 1998, 


SCIENTIFIC CORRESPONDENCE 

An improved method for the isolation of 
supercoiled plasmid DNA 


Rapid methods of small-scale preparation 
of plasmid DNA are very common in 
molecular biology and genetic engineer¬ 
ing. Several procedures are in vogue at 
present to produce plasmid DNA suitable 
for various molecular biology experi¬ 
ments. Mini-preparations of plasmid DNA 
by alkaline lysis^ and boiling" methods 
contain chromosomal DNA and require 
cumbersome phenol, chloroform extrac¬ 
tions. Most of the commercial kits that 
are available for mini-preparation of pure 
plasmid DNA are very expensive. 

Here we describe a simple inexpensive 
procedure for mini-preparation of super- 
coiled plasmid DNA suitable for various 
molecular biology techniques. This 
method is an adaptation of alkaline lysis 
method^. The modifications include the 
use of MgCl 2 to remove the RNA"^ and 
the use of 1 M sodium acetate instead 
of 3 M as used in the original alkaline 
lysis method, to get rid of chromosomal 
DNA contamination totally. The modified 
method is simple, needs only bench top 
chemicals and a microfuge and does not 
include any costly chemicals such as cae¬ 
sium chloride. Further, in the modified 
method the inconvenient phenol, chloro¬ 
form extraction steps are also avoided. 
The entire operation of the procedure 
takes less than 1 h and the yield is 


approximately 3 to 4 pg per 1.5 ml E. 
coli culture. 

A 5 ml overnight culture of E. coli 
strain containing specific plasmid is 
grown in LB containing the required 
antibiotic. About 1.5 mi of the culture is 
spun in a microfuge tube at 10,000 rpm 
for 2 min at room temperature. The pellet 
is suspended in 100 pi TEM buffer 
(50 mM Tris-HCl, pH 8.0, 10 mM EDTA 
and lOOmM MgCl 2 ) and to this suspen¬ 
sion 200 pi of freshly prepared 
NaOH/SDS solution (0.2 N NaOH and 
1% SDS) is added, with gentle mixing 
by inverting the tubes. The tube is kept 
on ice for 5 min. To the above, 150 pi 
of 1 M sodium acetate pH 4.6 is added 
and mixed gently by inverting the tube. 
Vortexing of the tube is totally avoided. 
After 5 min of incubation again on ice, 
the tube is spun for 5 min at 10,000 rpm 
at room temperature. The supernatant is 
transferred to a fresh tube, mixed with 
280 pi isopropanol and placed on ice for 
5 min. The pellet is collected by centri¬ 
fugation at 10,000 rpm for 5 min, washed 
with 70% alcohol and air-dried briefly. 
It is important not to let the pellet dry 
completely. 

The pellet is resuspended in 100 pi 
1 M sodium acetate, pH 4.6 and incubated 
on ice for 5 min. The suspension is then 
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Doom, Princeton University Press, Prince¬ 
ton, NJ, 1997. 

A. V. Sankaran lives at No. 10, P&T 
Colony, 1 Cross, 11 Block, R.T. Nagar, 
Bangalore 560 032, India. 


Three other distinguished physicists will 
also be receiving the NBU Gold Medals 
on this occasion: Professor V. L. Gins- 
burg, Russia (who is an Honorary Fellow 
of the Indian Academy of Sciences and 
of INSA), Professor Walter Kohn, USA, 
and Professor Alexander Polyakov, USA. 



Figure 1. Mini-preparations of pUC 18 plas¬ 
mid DNA. Plasmids isolated from 1.5 ml cul¬ 
ture following different methods were 
suspended in 30 pi TE and 5 pi from each 
isolate was analysed on 0.7% agarose gel. The 
lane marked M contains HindU] cleaved A 
DNA as molecular weight markers. Lane 1, 
Alkaline lysis method; Lane 2, Boiling method; 
Lane 3, Method described in this paper. 
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1 2 3 M 1 2 3 M 



Figure 2. Mini-preparations of plasmid DNA with different molecular weights, a, Lane 1, 
pUC 18 (2686 kb); Lane 2. pSVO-CAT (4400 bp); Lane 3, p^JR-CAT (11,000 bp plasmid 
containing j5-myosin heavy chain gene). Z>, Lane 1, pUC 18 cleaved with BamHI; Lane 2, 
pSVO-CAT cleaved with //mdlll; Lane 3, p^JR-CAT cleaved with FcwRI. The lane marked 
M contains //mdlll cleaved X DNA as molecular weight markers. 


centrifuged at 10,000 rpm for 2 min at 
room temperature. The supernatant is 
transferred to a fresh tube, mixed with 
200 )Lil sterile water and 200 |al iso¬ 
propanol and placed on ice for 5 min. 
The plasmid DNA is collected by cen¬ 
trifugation at 10,000 rpm for 10 min at 
room temperature. After washing with 
70% alcohol, the pellet is resuspended 
in 30|al TE (10 mM Tris-HCl, pH 7.5, 
1 mM EDTA, pH 8.0) and 5 jul portions 
of this preparation is used for gel analysis 
and restriction digestion. 

Agarose gel analysis of the plasmid 
DNA preparation by the present method 
(Figure 1) showed that nearly all the 
plasmids are supercoiled without any 
chromosomal contamination unlike that 
of original alkaline lysis method and boil¬ 
ing method that always showed certain 
amount of chromosomal DNA contami¬ 
nation. Further, the boiling method of 
plasmid DNA isolation is restricted to 
only small molecular weight plasmids. 
But using the present modified method 
we have isolated plasmids of different 
molecular weights (Figure 2). Restriction 
analysis of these plasmids with different 
restriction enzymes (Figure 2) clearly 
demonstrates the suitability of the plasmid 


DNA for any molecular biology tech¬ 
niques. In addition, we found that with 
cultures of different E, coll strains, nearly 
all the plasmids isolated in various labo¬ 
ratories are supercoiled. 

The preparation of plasmid DNA by 
the present modified method contains 
small amount of RNA contamination. 
Very small amounts of RNA contamina¬ 
tion were shown to be not inhibitory to 
the sequencing reactions'^. In order to 
confirm the suitability of the plasmids 
for DNA sequencing, double stranded 
DNA sequencing of pBII SK"^ plasmid 
DNA containing a 0.8 kb insert isolated 
by the present method was carried out. 
As shown in Figure 3, the quality of the 
DNA sequence obtained by the present 
method is comparable to that of other 
methods. Thus, the improved method 
described here is not only rapid but also 
inexpensive, requiring only basic laboratory 
chemicals and can generate very high- 
quality plasmid DNA suitable for virtually 
all purposes in molecular biology. 
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Figure 3. Autoradiogram of a double-stranded 
DNA sequencing gel. pBII SK’^ plasmid DNA 
containing a 0.8 kb insert was isolated as 
described in text. Sequencing was performed 
with dATP dideoxy procedure using USB 
sequencing kit ver. 2.0. The sequences repre¬ 
sent sequencing using T3 primer. 

3. Ausubel, J. G., Brent, R., Kingston, R. E., 
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A potential phosphorite deposit on the continental margin off 
Chennai 


Phosphorite is one of the world’s most 
important phosphate mineral resources 
used mainly as fertilizer. The consumption 
of phosphate fertilizers has increased dra¬ 
matically over the years in view of the 
"Green Revolution’. Of the total 146 m 
tons of annual production of phosphate 
in the world (in 1987), the Asia-Pacific 
region (an agriculture-dominated and 
thickly populated area), produced only 
13 m tons^ India produced only 4.26% 
of the total phosphate of the Asia-Pacific 
region. The major recovery of phosphate 
in India comes from Mussoorie, Udaipur, 
Jhabua and Bijawar phosphorite mines 
and their cumulative annual production 
is about 0.58 m tons“’^. The total produc¬ 
tion in India is far less than its demand 
(2-3 m tons/year)^ As a result, India is 
compelled to import about 2 m tons/year 
(ref 4). Therefore, in order to support 
the Green Revolution, India either has to 
intensify its exploration for the discovery 
of phosphate deposits of economic im¬ 
portance or pour out large sums of valu- 
. able foreign currency for importing 
phosphate fertilizers. 

Phosphorite is defined as a rock com¬ 
posed of 18% P^Og (ref. 5). Sedimentary 
phosphorites currently provide 82% of 
the total world production and 95% of 
the world’s phosphate reserves^. Phos¬ 
phorite deposits of marine origin have 
been identified on land and shallow con¬ 
tinental margins and seamounts of the 
world ocean. Both relict and modem phos¬ 
phorites have been reported on the con¬ 
tinental margins^. Phosphatized limestones 
(<11% P^Og)®”^^ and high-grade phos¬ 
phorites (21-33% P^Oj)*"^”'^ have been 
reported from the continental margins of 
India. As the occurrence of high-grade 
phosphorites is sporadic and mostly con¬ 
fined to subsurface depths, their resource 
evaluation and economic viability could 
not be accounted. 

Cruise 126 of ORV Sugar Kanya was 
mainly organized to deploy meteorologi¬ 
cal data buoys at pre-determined locations 
along the east and southwest coast of 
India and to sample shelf-edge geomor- 
phic features along the central and south¬ 
west coast of India. During deployrhent 
of data buoys, Peterson grab was operated 
at 7 stations on the outer shelf and upper 


slope off Chennai at water depths between 
30 and 293 m (Figure 1). The sediments 
recovered are clay/clayey sands. Upper 
portions of the grab sediments are clayey, 
and phosphorite is largely recovered from 
the lower portions of the grab, suggesting 
that phosphorites are buried under clays. 
Phosphorite/phosphatic sediments were 
recovered at 6 out of 7 stations. Maximum 
penetration of the grab is about 20 cm. 
Although dredging would have given bet¬ 
ter results on the extent of the deposit, 
it could not be operated as the main 
working deck of the vessel was occupied 
by data buoys. 

Phosphorites recovered at different 
locations are classified into four types 
(Table 1): Light brown friable phos¬ 


phorites, grey dense phosphorites, phos¬ 
phorite sands and phosphatized algal nod¬ 
ules/limestones. Phosphorite sands are 
defined here as phosphate grains and 
phosphate infillings of planktic and ben¬ 
thic foraminifers and gastropod shells. 
Green grains are also associated with 
them. It was observed that more than 
one type of phosphorite occurs at each 
station. Friable phosphorites together with 
a few phosphate grains occur at deeper 
station (no. 3) on the continental slope 
which are associated with clayey sedi¬ 
ments. Dense grey phosphorites occur 
abundantly at station 4 (4kg/sqm) and 
are in the form of irregular or ellipsoidal 
nodules and crusts (Figure 2 a). Further¬ 
more, the sediments are clayey sands and 



Figure 1. Sample location map. Location map, east coast of India. Station no. 2 is core 
location and others are grab stations. 
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Table 1. Details of sediment samples and phosphorites/phosphorite sands off Chennai 


Sand in the Phophate Peak height 

Station Depth sediment grains in Type of Minerals in the ratios of 

sand (%) phosphorites phosphorites ICal/ICfa 


SK-126/3 

293 

19 

8 

SK-126/4 

186 

44 

42 

SK-126/5 

124 

81 

30 

SK-126/6 

58 

44 

16 

SK-126/7 

30 

37 

6 

SK-126/8 

66 

73 

21 

SK-126/9 

160 

62 • 

27 


Light brown 

friable 

phosphorites 

Cfa, Imc, qtz, 
feld 

0.3 

Grey dense 
phosphorites 

Cfa, Imc, hmc, 
qtz, feld 

0.61 

Phosphorite 

grains 

Cfa, Imc 

- 

Grey irregular 

phosphatized 

limestones 

Lmc, qtz, feld, 
cfa 


Grey irregular 

phosphatized 

limestones 

Lmc, qtz, feld, 
cfa 

- 

White 

phosphatized 
algal nodules 

Hmc, ara, feld, 
cfa 

8.2 


Cfa, Carbonate fluorapatite; Lmc, Low-magnesium calcite; Hmc, High-magnesium calcite; Qtz, 
Quartz; Feld, Feldspar; Ara, Aragonite. 




Figure 2, a, Dense phosphorites (scale-see one rupee coin below); b, Polished section of 
the phosphatized algal nodules (nodule size 1 cm diameter). 


about forty per cent of the sand fraction 
is phosphatic. The sediments recovered 
from shallower stations are clayey (Table 
1) and phosphatized limestones/algal nod¬ 
ules (Figure 2 b) and phosphorite sands 
occur in the lower portions of the sedi¬ 
ments in the grab. It is suspected that 
due to the lesser penetration of the grab, 
it hardly collected the phosphorites 
underlying the. clays. 

Phosphorite sample powders were 
analysed from 8° to 40° 20 on a Philips 
X-ray diffractometer using nickel filtered 
CuKa radiation at 1° 20/min. Carbonate 
fluorapatite and calcite are the major min¬ 
erals in friable phosphorites, dense phos¬ 
phorites and phosphorite sands (Figure 3, 
Table 1). Peak height ratios indicate that 
the former dominates the latter in all 
the samples. Quartz, feldspar and high- 
magnesium calcite are found as accessory 
minerals. High-magnesium calcite is the 
most abundant mineral, followed by car¬ 
bonate fluorapatite in the phosphatized 
algal nodules. EDAX (Energy dispersive 
X-ray analysis) studies were carried out 
for 9 elements on JEOL 840 SEM/EDAX. 
Measurable S contents (0.9%) occur in 
only algal nodules. Major element com¬ 
position of phosphorites (Table 2) indicate 


Cfa 



Figure 3. X-ray diffractogram of the light 
brown friable phosphorites. Cfa, Carbonate 
fluorapatite; Qtz, Quartz; Cal, Calcite; Feld, 
Feldspar. 
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that the P 2 O 5 content is highest (31%) 
in phosphorite grains followed by friable 
phosphorites (27%) and dense phos¬ 
phorites ( 21 %) and least in algal nodules 
(9%). The average CaO content is more 
than 56% (average in sedimentary rocks) 
in grey dense phosphorites and phos¬ 
phorite grains. We are unable to explain 
these high values most probably due to 
instrumental error. Cq. 0 /? 20 ^ content of 
the phosphorites ranges from 1.72 to 6.2 
and is higher than that in pure carbonate 
fluorapatite (1.54) (ref. 18). For conven¬ 
ience, the average chemical analyses of 
friable and dense phosphorites and phos¬ 
phorite grains (average analyses of 1 , 2 
and 3, Table 2) were compared with the 
composition of the phosphorites from 
other offshore regions. Si, Al, Fe, Mg, 
Na and K values of these phosphorites 
are significantly higher than the Holocene 
and Pleistocene phosphorites of the west¬ 
ern margin of India (see analyses 5 and 
6 , Table 2). The phosphorites from the 
western Indian margin were recovered 
from carbonate-dominated sediments. Si, 
Fe and K values of the phosphorites are 
lower and Ca, P and Al are higher than 
in the phosphorites of Namibia and Agul¬ 
has Bank, South Africa (analyses 7 and 
8 , Table 2) and, Si, Al, Fe, Mg and Ca 
are higher and P and Na values are lower 
than that in the phosphorites of Peru 
margin. South America (analyses 9, Table 
2). Phosphorites from both Namibia and 
Peru margins were, however, recovered 


from diatomaceous muds. P and Ca values 
are much higher and Si, Al, Fe and K 
are lower than the phosphorites of the 
Eastern Australian margin (analyses 10, 
Table 2) which is a weak upwelling 
region. This comparison indicates that the 
initial sediments in which phosphatization 
has taken place may be neither carbonate- 
dominated nor diatom-dominated. Phos¬ 
phatization apparently has taken place in 
mixed terrigenous and biogenic sediments. 
These results have to be confirmed by 
petrographic studies. 

The importance of these phosphorites 
is manifold: (i) As they contain more 
than 18% P 2 O 5 , these can be classified 
as ore grade phosphorites. The probable 
continuity of the deposit at different sta¬ 
tions along a stretch of 21 km (each) on 
two parallel tracks perpendicular to the 
coast would make this the largest phos¬ 
phorite occurrence so far reported from 
the continental margins of India, (ii) The 
area covered by phosphorites is approxi¬ 
mately 636 sq km. It is the least estimate 
area based on a few stations. It is pre¬ 
mature to evaluate the resource potential 
at this stage. If detailed exploration is 
done, the area covered by phosphorites 
is likely to be larger and this deposit 
may serve as an economically viable phos¬ 
phorite deposit. In order to evaluate the 
lateral and vertical extent of the deposit 
and its resource potential, exploration 
needs to be carried out at closer grid 
spacing. Offshore area like Chatham Rise 


off New Zealand has been thoroughly 
investigated for their resource potential 
where exploration was done at 200-300 m 
grid spacing and sometimes even at 100 m 
spacing. The results of exploration indi¬ 
cate that the phosphorites on the Chatham 
Rise are randomly distributed and their 
abundance at different stations varies from 
0 to lOOkg/m^ (ref. 19). In spite of this, 
these are considered as economically 
viable deposits, (iii) These phosphorites 
are also of significant academic interest. 
For example, unlike the phosphorites 
abundantly reported on the western con¬ 
tinental margins of the world ocean, 
associated with upwelling currents, these 
occur off Chennai on the eastern margin 
of India where upwelling currents are 
unknown, (iv) Type (hardness and colour), 
mineralogy and geochemistry of the phos¬ 
phorites recovered here are different, pos¬ 
sibly indicating that phosphorites of more 
than one generation are mixed up. Earlier 
study on phosphorites in the vicinity’^, 
however, did not clarify the sources of 
P for the formation of ore grade phos¬ 
phorites but identified the fossils of 
Cretaceous-Eocene age in them. India 
was situated south of equator during the 
Cretaceous and moved through the equa¬ 
tor to its present position during the 
continental drift. It is therefore likely that 
the equatorial oceanic upwelling might 
have played a major role in the deve¬ 
lopment of organic-rich productivity sys¬ 
tem on the continental margins that 
favoured the formation of ore-grade phos¬ 
phorites. Moreover, friable phosphorites 
must be younger than the dense grey 
phosphorites which resemble those off 
Peru-Chile, where intense upwelling and 
present day phosphogenesis is taking 
place^^^ In contrast to Peru margin, there 
is no upwelling off Chennai but a south¬ 
erly current (0.15 to 0.3 m/s) induced by 
cyclonic eddies prevails on the continental 
shelf and slope. Several rivers from the 
east coast of India discharge abundant 
terrigenous flux annually to the Bay of 
Bengal and these rivers debouched sedi¬ 
ments directly on or very close to the 
continental slope during the lowered sea 
levels. Despite this, the phosphorites of 
Cretaceous-Eocene age in the study 
region are still exposed on the continental 
slope and partly buried on the continental 
shelf. Two possibilities may be considered 
for various types of phosphorites: The 
Western Boundary Current (WBC) has 
been presently traced about 100 nm away 


Table 2. Geochemistry of the phosphorites off Chennai (1-4) and their comparison with 
other offshore phosphorites (5-10) 


Element 

1 

(9)* 

2 

(11) 

3 

(3) 

4 

(4) 

5 

(24) 

6 

(15) 

7 

(46) 

8 

. (12) 

9 

(21) 

10 

(4) 

SiOj 

16.90 

9.72 

4.04 

16.80 

3.40 

O.ll 

19.39 

14.79 

8.79 

24.00 

AI2O3 

5.50 

2.62 

0.79 

5.01 

1.53 

0.33 

1.95 

2.13 

2.68 

3.53 

FeO 

2.78 

2.98 

5.00 

7.08 

1.34 

0.39 

6.95 

6.17 

1.28 

5.00 

MgO 

1.49 

2.36 

1.05 

5.15 

1.27 

0.81 

1.41 

1.38 

0.99 

1.31 

CaO 

46.25 

58.16 

64.20 

54.53 

46.30 

50.20 

37.28 

36.87 

42.00 

31.90 

Na^O 

1.20 

1.01 

0.62 

0.68 

0.20 

- 

0.90 

0.76 

1.08 

0.90 

Kfi 

0.89 

0.36 


0.71 

0.30 

0.10 

1.38 

1.55 

ND 

0.89 

Pp, 

26.93 

21.35 

31.12 

8.80 

29.30 

33.30 

17.42 

17.53 

27.58 

11.00 

CaO/Pp^ 

1.72 

2.72 

2.06 

6.20 

1.58 

1.51 

2.14 

2.10 

1.52 

2.90 


^Average of number of analyses. 

1, 2, 3 and 4, Present study (EDAX analyses on freshly broken surfaces); 1, Light-brown 
friable phosphorites; 2, Grey den.se phosphorites; 3, Phosphorite grains; 4, White phosphatized 
algal nodules. 5 and 6, We.stern margin of India (seasonal upwelling region); 5 - Holocene 
dense phosphorite off Malavan (microprobe analyses) (Purnachandra Rao, V., unpublished data), 
6 - Pleistocene phosphorite off Goa (microprobe analyses) (ref 14). 7 and 8, South African 
margin (intense upwelling region); 7 - Rock phosphate off Namibia (microprobe analyses) (ref 
21); 8 - Phosphorites on the Agulhas Bank (microprobe analyses) (ref 22). 9, South American 
margin (intense upwelling region); Holocene phosphorites off Peru (microprobe analyses) (ref 
23). 10, Eastern Australian margin (weak upwelling region); Non-ferrugenous Holocene 
phosphorite^. 
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from the coast; it is likely that the WBC 
might have been closer to the coast in 
the geological past and induced conditions 
suitable for phosphogenesis. Alternatively, 
high-energy environment might have pre¬ 
vailed on this part of the margin for a 
longer time that minimized the deposition 
of large terrigenous flux and favoured 
conditions similar to hardgrounds for the 
formation of various phosphorites, Phos- 
phatized algal nodules (Figure 2 b) pro¬ 
vide evidence for such high-energy 
conditions. In other words, different 
oceanographic/coastal processes influ¬ 
enced at different times in the formation 
of phosphorites which requires thorough 
study, (v) Phosphorites are good host for 
F, U, REE and V, Fluorine and U are 
bound to apatite and increase with in¬ 
creasing P 2 O 5 content Similarly, REE con¬ 
tents have been reported to be higher in 
older phosphorites compared to younger 
phosphorites^. Detailed studies on these 
phosphorites are in progress which would 
provide important information on palaeo- 
oceanography, age and factors controDing 
the genesis of phosphorites. 
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A profile of senior research associates: 
Characteristics and trend analysis 


S. Paul* S. R. Das, A. K. Pal, 1. M. L. Ahuja, Y. P. Sehgal and G. Ranglani 

The Council of Scientific and Industrial Research (CSIR) has been operating the ‘Scientists' 
Pool Scheme since 1958. Under this scheme. Senior Research Associateships are offered to 
highly qualified and unemployed Indian S&T personnel, trained in India and/or abroad Over 
the years more than 10,000 persons have benefitted by availing the Associateship. The present 
study based on the data compiled from the records of 899 SRAs who left during 1991 to 1995 
after serving for full or partial tenure, has revealed many interesting characteristics and 
^ot^^orthy trends. About one-third of the SRAs were trained from abroad, more than half of 

hnHnffTKir sroups. More than 

alf of the SRAs belonging to natural sciences sought placement in University Systems and the 

-r organizations. The percentage of SRAs from natural sciences 

g up availing a full tenure of 36 months was much higher than those belonging to medical 
an engineering groups. The data on placement in relation to ultimate absorption in regular 

Tfr^T\ f u a large number of the SRAs placed in universities and medical colleges 
were absorbed m the same sectors against regular positions. Thus the scheme has been serving 
useful purpose m developing Human Resource in S&T sector and providing a band of well-trained 
R&D manpower to various Indian institutions. 


The Council of Scientific & Industrial Research (CSIR) 
has been awarding Senior Research Associateships 
(SRAs) for a maximum of three years’ tenure to foreign 
as well as Indian qualified S&T personnel under the 
Scientists’ Pool scheme. The scheme is about four 
decades old and has undergone many revisions based 
on the recommendations of the review committees 
appointed from time to time to make it more effective 
with the changing Indian scenario. The purpose of the 
scheme is to nurture and develop human resource for 
carrying out research and development activities in India. 
The scheme has many unique features. The applicants 
from abroad are considered in absentia and if selected, 
the SRAship is offered to them. They have the flexibility 
to join the SRAship within one year period from the 
date of issue of the offer, if acceptance is received 
within three months after the offer. The scheme has 
been made very flexible to enable scientists and techno¬ 
logists to udlize their full potential for R&D work while 
searching for a job. The SRAs have the freedom to 
choose a research project and join an Institute/R&D 
organization of their preference where facilities are avail- 

The authors are from Human Resource Development Group, Council of 
Scientific and Industrial Research, NPL Campus, New Delhi i 10 012 
India. ’ 

*For correspondence, (email; csircx@giasdl01.vsnl.net.in) 


able to carry out the selected research proposal. The 
scheme has been made very liberal to enable them to 
get absorbed in suitable jobs in India. The SRAs are 
entitled to send any number of applications against 
advertised or otherwise posts in their field. In case of 
securing temporary or ad-hoc posts, they are allowed 
to go on secondment leave for a maximum period of 
one year. They can leave the pool at any time during 
the tenure of SRAship. They can also avail of three 
months extraordinary leave (EOL) for some personal 
reasons. The SRAs who left the pool scheme after 
availing of the partial tenure, are allowed to apply again 
for the balance period of three years. 

As many as 19,420 SRAs were selected to the 
Scientists’ Pool scheme from 1959 to 1996 and 10,024 
SRAs benefitted by joining the pool during the same 
period. The remaining selectees did not join the pool, 
probably they had better employment opportunities either 
in India or abroad. As the practice stands, the SRAs 
are selected through the Special Recruitment Board 
meetings held regularly after every three to four months 
and then many of those selected join the scientists’ 
pool. At the exit end those who availed three years or 
got employment at various stages of the tenure resign 
and go out of the pool. Thus, there are always 350-400 
SRAs working in the pool at a given point of time. 
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The Human Resource Development group (HRDG), 
CSER has been regularly maintaining statistical data on 
the candidates who got selected and joined the pool 
and conducting studies on their various characteristics 
and analysing trends. There have been 899 SRAs who 
left the pool after serving full or partial tenure during 
1991-1995. The present study has been undertaken to 
bring out the various characteristics of these SRAs. The 
records of these SRAs have been scanned thoroughly 
and relevant data on subject-wise distribution, organi¬ 
zations of placement, the countries from where they 
acquired qualification/training, etc. have been collected 
and collated. Tables 1-5 and Figures 1-3 present data 
on various characteristics of the SRAs. 

Year-wise and subject-wise distribution 

Table 1 shows year-wise and subject-wise distribution 
of the SRAs who left the pool during the period 1991 
to 1995. The maximum number of SRAs, i.e. 490 belong 
to the medical sciences group followed by the natural 
sciences group whose number is 330. The percentages 
of SRAs belonging to medical sciences and natural 
sciences groups were 54.5% and 36.7% respectively. 
The remaining 79 SRAs from engineering and technology 
and social sciences group together constitute 8.8%. 


Table 1. Year-wise and subject-wise distribution of the SRAs 
who left the pool during 1991-1995 





No. 

of SRAs 





Year of leaving the pool 



Subject group 

1991 

1992 

1993 

1994 

1995 

Total 

Natural sciences 

86 

65 

59 

60 

60 

330 

Medical sciences 

121 

126 

98 

80 

65 

490 

Engineering and 

13 

15 

12 

7 

7 

54 

technology 

Social sciences 

6 

10 

8 

1 

0 

25 

Total 

226 

216 

177 

148 

132 

899 


Subject-wise distribution of the SRAs returning 
from abroad 

Table 2 shows the distribution of SRAs according to 
countries from where they acquired the qualification/ 
training for the five-year study period. Table 3 gives 
the year-wise percentage distribution of the SRAs who 
obtained qualifications/training in India and abroad. Of 
the total 899 SRAs joining the scheme, 31.8% were 
trained abroad. Figure 1 shows year-wise and subject-wise 
percentage distribution of the SRAs trained abroad. The 
foreign-trained SRAs belonging to engineering and tech¬ 
nology group constitute the highest percentage in com¬ 
parison to other subjects. However, the percentage of the 
engineering and technology SRAs dropped from 91.7% in 
1991 to 66.7% in 1995. The next highest percentage is 
from the stream of natural sciences which varied from 
63.5% to 43.2% during the same period. For the medical 
sciences group, the percentages of SRAs trained abroad 
have been 15.7% in 1991 and 11.6% in 1995, although 
in 1994 the figure rose to 17.8%. There is a sharp decline 
of percentages of SRAs belonging to social sciences group 
which was 50% in 1992, came down to 25% in 1993 
and thereafter no foreign-frained social scientist joined 
the scheme during the period under study. In general, the 
number of foreign-trained S&T personnel joining the 
scheme has been on the declining trend. 

Placement of the SRAs 

Table 4 shows the distribution of the SRAs according 
to placement in the type of organizations after their 
selection. The SRAs were generally placed in universities, 
CSIR and other R&D organizations, medical colleges 
and hospitals, industry and other government organiza¬ 
tions. Out of the 899 SRAs, 493 were placed in medical 
colleges and hospitals followed by 245 in universities 
and colleges, and 146 in CSIR and other R&D organi¬ 
zations. The 97% of the medical SRAs’ obvious choice 
for placement was hospitals and other medical research 
institutes. Further, the 55% of SRAs of natural science 
group were placed in universities, 27.0% in CSIR and 


Table 2. Subject-wise distribution of the SRA.s trained in India and abroad 


Country 


India 

USA 

UK 

USSR 

Other countries 


Subject group 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

Foreign 
- total 

Total 

Natural sciences 

162 

49.1 

68 

20.6 

18 

5.5 

8 

2.4 

74 

22.4 

168 

330 

Medical sciences 

423 

86.3 

5 

1.0 

24 

4.9 

3 

0.6 

35 

7.2 

67 

490 

Engineering and technology 

10 

18.6 

14 

25.9 

6 

11.1 

6 

11.1 

18 

33.3 

44 

54 

Social sciences 

18 

72.0 

1 

4.0 

0 

0.0 

5 

20.0 

I 

4.0 

7 

25 

Total 

613 

68.2 

88 

9.8 

48 

5.3 

22 

2.4 

128 

14.3 

286 

899 
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11.5% in other R&D organizations. A noteworthy point 
regarding SRAs of engineering and technology group is 
that the 57.4% of them joined in universities and colleges, 
26% in CSIR and other R&D organizations and their 
placement in industry was surprisingly as low as 5.5%. 
The percentages of SRAs of other subject groups joining 


the industry were also very low. In view of the libera¬ 
lization and globalization of Indian economy, the job 
potential for S&T personnel is expected to be higher 
in Indian industry and their R&D establishments. There¬ 
fore, the SRAs may be encouraged to make efforts to 
join various industries so that the prospects of their 


Tabic 3. Subject-wise and year-wise percentage distribution of the SRAs trained in India and abroad 







Year of leaving the pool 







1991 



1992 

1993 

1994 


1995 


Subject group 

India 

Abroad 


India 

Abroad 

India 

Abroad 

India 

Abroad 

India 

Abroad 

Natural sciences 

Medical sciences 

Engineering and technology 
Social sciences 

36.5 

84.3 

8.3 

75,0 

63.5 

15.7 

91.7 
25.0 


50.7 

86.9 

20.0 

50.0 

49.3 

13.1 

80.0 

50.0 

48.0 

88.8 

9.1 

75.0 

52.0 

11.2 

90.9 

25.0 

61.0 

82.2 

25.0 

100.0 

39.0 

17.8 

75.0 

0.0 

56.8 

88.4 

33.3 

100.0 


43.2 

1L6 

66.7 

0.0 

Total 

64.1 

35.9 


70.5 

29.5 

71.8 

28.2 

68.8 

31.2 

69.9 


30.1 


Table 4, 

Placement of the SRAs 

in various 

organizations 












Organization 







Uni V./col leges 

CSIR 

Other R&D orgn 

Med. college & hospital Industry Other govt orgn 

Subject group 

No, % 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

Total 

Natural sciences 

Medical sciences 

Engineering and technology 
Social sciences 

183 55.5 

8 1.6 

31 , 57.4 
23 92.0 

89 

0 

11 

0 

27.0 

0.0 

20.4 

0.0 

38 

4 

3 

1 

11.5 

0.8 

5.6 

4.0 

13 

478 

2 

0 

3.9 
97.6 , 
3.7 
0.0 

2 

0 

3 

0 

0.6 

0.0 

5.5 

0.0 

5 

0 

4 

1 

1.5 

0.0 

7.4 

4.0 

330 

490 

54 

25 

Total 

245 27.3 

100 

11.1 

46 

5.1 

493 

54.8 

5 

0.6 

10 

1.1 

899 



-Natural Sc ■ 


-Medical Sc ■ 


-Engg & Tech - • Social Sc 


Figure 1. Subjcci-wisc and year-wise percentages of SRAs trained abroad. 
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securing jobs are enhanced. In this direction CSIR is 
contemplating suitable measures such as involving 
industry representatives in SRAs selection etc. 

Average stay of SRAs in the pool 


7% in mathematics, 6% in earth sciences, and 5% in 
each chemistry and life science. The persons having 
specializations in physics and chemistry had better 
employment opportunities when compared to other sub¬ 
jects in the natural sciences group. 


Figure 2 displays the average stay of SRAs of various 
subject groups in the pool. Eighty per cent of the SRAs 
belonging to social sciences group and 53% of the 
natural sciences group stayed for a full tenure of 36 
months, whereas percentages of SRAs of the medical 
sciences and engineering and technology groups staying 
for the same period were 28 and 27 respectively. The 
12% of the SRAs of both medical sciences and engi¬ 
neering and technology groups, 6% of natural science 
and 4% of social sciences groups stayed in the pool 
for less than 6 months which is the shortest period of 
stay in the pool. It is obvious that social sciences and 
natural sciences groups had lower job opportunities 
leading to SRA’s longer stay in the pool. Figure 3 
presents breakup of average stay of SRAs belonging to 
natural sciences group, in terms of individual subjects, 
e.g. physics, chemistry, mathematics, life science and 
earth science. Seventy per cent of the SRAs specialized 
in eai’th science have stayed in the pool for full tenure 
which is the highest percentage, indicating lowest job 
opportunities for this group, whereas 36% of the physics 
SRAs have stayed for full tenure in the pool which is 
lowest percentage in natural science group. Nine per 
cent of the SRAs having specialization in physics stayed 
in the pool for less than 6 months when compared to 


Placement of SRAs vs employing organizations 

Table 5 displays the SRAs’ initial placement vs organi¬ 
zations where they got employment after leaving the 
pool. The information regarding employment after the 
SRAship has been collected from the records available, 
and it was available only for 376 SRAs out of 899. 
The remaining 523 ex-SRAs did not provide any infor¬ 
mation in this regard. The analysis of the data indicates 
that out of 94 SRAs placed in universities and colleges, 
68.1% were absorbed in the same sector whereas 10.6% 
got employment in other R&D organizations. Out of 31 
SRAs placed in CSIR, 51.6% were absorbed in CSIR, 
19.4% in university systems and 22.6% left for abroad. 
The SRAs placed in other R&D organizations were 17, 
out of which 35.3% got job in university systems, 5.9% 
in CSIR and 29,4% in other R&D organizations. Out 
of 230 SRAs placed in medical colleges and hospitals, 
59.1% of them got absorbed in medical sector, 7.4% 
in other government organizations, 12.2% were 
self-employed and 15.2% left for abroad. The statistics 
regarding employment of SRAs indicate much higher 
percentage of SRAs could get employment in the sector 
of their placements. One interesting point to note is 
that 22% of the SRAs working in CSIR could get 


Legend: H<6 months IH 6-12 months r~l ^ 2-24 months ! 1 24-36 months H 36 months 

Figure 2. Average stay of SRAs in the pool (in months). 
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opportunity of leaving for abroad for better prospects 
whereas 15.2% of the SRAs working in medical colleges 
and hospitals left for abroad. The data on placement in 
relation to ultimate absorption in regular employment 
provide an insight into the choices made by the candidates 
at the time of joining SRAship. 

Other characteristics 

Although the maximum age limit for candidates applying 
for SRAship is 40 years, this study indicates that the 


average age of SRAs at the time of joining the pool 
was only 33 years. The subject group-wise breakup 
shows that the average age of the SRAs at the time of 
joining the pool was 34 years for natural sciences, 31.9 
years for medical sciences, 32 years for engineering and 
technology and 35 years for social sciences group. 

Overall male/female-wise ratio of the SRAs was 2.3 :1. 
Subject group-wise analysis reveals that male/female 
ratio is 1.7 ; 1 for natural sciences, 2.8 : 1 for medical 
sciences, 23 : 1 for engineering and technology and 1:1 
for social sciences group. 





Earth Science 


Physics 

9% 


22 % 


50% 


Life Science 

5 % 9 % 


Mathematics 


Chemistry 


15% 


18% 



Legend: 


H<6nionths B|6-12 months 

[324 months 1124-36 months 


B 36 months 


Figure 3. Average stay of SRAs in the pool (in months). Breakup of the natural sciences group, 


Table 5. Placement of SRA.s v.s employing organization.s (%) (Table relates the SRAs who have reported having obtained employment) 

_ Organizati ons where the SRAs got employment after leaving the pool 

No. of Univ./ Other Med. college Govt Other Self- Left 

ool placement _college CSIR R&D orgn &. hospital Industry orgn orgn employment abroad 

Univ./college 94 

CSIR 31 

Other R&D orgn 17 

Med. college & hospital 230 

Industry 1 

Govt orgn 3 

Total 376 


68.1 

2.1 

10.6 

19.4 

51.6 

3.2 

35.3 

5.9 

29.4 

1.7 

0.0 
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Research publications 

The research productivity of 234 SRAs who availed full 
tenure of 36 months in the pool was analysed during 
the period of study. A total of 290 research papers had 
been published, 92 papers had been accepted for pub¬ 
lication and 163 papers were communicated to various 
national and international journals by these SRAs. Fur¬ 
ther, 11 patents were filed by these SRAs during this 
period. 

Conclusion 

In the last 40 years, the Scientists’ Pool scheme has 
offered opportunity to over 19,000 highly qualified Indian 
S&T personnel and over 10,000 had joined the pool to 
utilize their research potential and simultaneously look 
for regular positions. The scheme has been made flexible 
in nature for allowing the SRAs to join the institutions 


of their choice and pursue a research proposal conceived 
by them. Majority of the SRAs succeeded in getting 
absorbed in the sectors of their placement. The study 
indicates that the SRAs are to be encouraged to join 
the industrial sector in order to improve their employment 
prospects. The research output of the SRAs has been 
appreciable. Over the years many SRAs^ acquired eminent 
positions and attained the level of Directors in various 
R&D organizations and Professors or equivalent positions 
in various universities and other institutions of higher 
learning. The scheme has proved to be an effective 
instrument in developing and providing continuously a 
band of trained R&D scientists and technologists to. the 
nation. 
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The origin of adaptive mutations: Explaining 
the mutational spectra of Lac'*' revertants of 
the Escherichia coll strain FC40 


5. K. Bhattacharjee'^ and S. K. Mahajan 

Reversion of lacIS34acZ frameshift mutation to produce Lac’^ colonies takes place by demonstrably 
different mechanisms in growing and starving cultures of strains (such as FC40) harbouring 
this mutation. The revertants appear to arise in starving cells only under conditions where they 
can immediately promote growth. This is reminescent of Lamarckism. Here we propose a 
mutagenic mechanism which is Darwinian inasmuch as it is blind to the adaptive fitness of 
the mutants but can explain the mutational spectra seen in FC40 and certain other strains. 
This mechanism can produce mutations only in the neighbourhood of a methylatable cytosine. 


Since the Darwinian theory of evolution freed biology 
from all transcendence and did not require living 
organisms to have any mysterious properties unexplained 
by the chemical properties of their constituents, it found 
ready scientific acceptance (in spite of considerable 
oppostion from certain non-scientific quarters) and by 
1930s it became almost the universally accepted theory 
of evolution, at least as far as the evolution of higher 
organisms was concerned. However, microorganisms 
seemed to be somewhat exceptional because they very 

The authors are in the Molecular Biology and Agriculture Division, 
Bhabha Atomic Research Centre, Mumbai 400 085, India. 

*For correspondence, (e-mail: mbad@magnum.barc.ernet.in) 


Vrapidly adapted to changing environments, suggesting a 
possible role for environment in producing specific 
(directed) mutations which could increase the fitness of 
the organisms. In 1940s the fluctuation analysis of Luria 
and Delbruck and other experiments based on sib 
selection and replica plating showed that bacterial mutants 
which survived a lethal environmental change were 
largely produced before the population was exposed to 
the lethal challenge (see ref.l for a detailed discussion). 
These mutations, therefore, could not have been directed 
by the new environment. Since these results were con¬ 
sistent with the Darwinian theory, bacteria were admitted 
into the fold of neo-Darwinism, in spite of a warning 


CURRENT SCIENCE, VOL. 74, NO. 7, 10 APRIL 1998 


583 


GENERAL ARTICLES 


by Delbruck^ that the above experiments had not ruled 
out the possibility that bacteria exposed to prolonged 
nonlethal stress might produce specifically beneficial 
mutations directed by the environment. Subsequent dis¬ 
covery of the double helical structure of DNA, which 
suggested mutation production due to random errors 
during replication, and other developments in molecular 
biology, e.g. the universality of the genetic code, the 
existence of silent and neutral as well as harmful 
mutations, were all consistent with neo-Darwinism and 
led to near universal rejection of the Lamarckian idea 
of organisms being able to produce exclusively useful 
mutations. However, certain recent reports from several 
laboratories have reopened this debate. 

Between 1954 and 1963 Ryan and his coworkers 
published several papers showing that when a population 
of His" bacteria was incubated in a medium lacking 
histidine, apparently adaptive mutations arose in a time- 
dependent manner after several days of incubationl 
These mutations appeared to be directed by the future 
advantage they conferred on the host. However, due to 
the universal appeal and acceptance of Darwinism by 
that time their possible Lamarckian implications were 
ignored. In 1988, Cairns and his coworkers'* reported 
that when E. coli cells of a Lac" strain were plated on 
minimal medium plates containing lactose as the sole 
source of carbon, apparently adaptive Lac* mutations 
arose continuously for several days thereafter, in addition 
to some pre-existing Lac* mutations which form colonies 
within the first two days. These mutations seemed to 
have Lamarckian characteristics in that they were pro¬ 
duced only if they conferred a growth advantage, i.e. 
if lactose was present on the plates and there was no 
other nutritional deficiency. Since then, there have been 
several other reports of production of similar Lamarckian- 
looking mutations in several bacterial and yeast systems^. 

There have been three types of general responses to 
these reports: 

(i) To rigorously examine the design and interpretation 
of the concerned experiments to ascertain the validity 
of their claim that the selective conditions produce only 
immediately beneficial mutations. This has resulted in 
detection of significant flaws in several of the experi¬ 
ments making their claims of directed mutagenesis un¬ 
tenable (see refs 6 and 7 for review). However, in a 
few cases the evidence for the preferential, if not 
exclusive, recovery of the beneficial mutations under 
nonlethal selection has not been seriously challenged. 
These cases include the generation of Lac* revertants 
in the strain FC40 and its derivatives (see below). 

(ii) To propose, and in some cases also to test, 
molecular models that could explain the occurrence of 
these mutations in terms of mechanisms which are blind 
to the adaptive fitness of mutants they produce. Several 
such models have been proposed. These include, reverse 
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transcription of specific mutant mRNAs'*, mutagenic tran¬ 
scription*, continuous generation by an error-prone, low 
level DNA repair synthesis of mutations which are fixed 
only if they promote cell growth but are otherwise 
reverted by a slow acting mismatch repair system®-"’, 
amplification of mutant genes" , RecA-dependent stable 
DNA replication in non-dividing cells'^, and the hyper- 
mutable state model, according to which small proportion 
of a stressed population enters a hypermutable state 
which leads either to acquisition of a growth-promoting 
mutation or to eventual cell death'^ by presumably lethal 
mutations. Empirical testing"* and careful theoretical 
examination has shown most of these models to be 
untenable. However, there is some evidence in pai'tial 
support of three of these models, namely the-slow-repair- 
during-starvation model, the stable-DNA-replication in 
non-dividing cells model (also called the ‘toe in water’ 
model), and the hypermutable state model. These models 
are not mutually exclusive. 

(iii) To empirically examine the nature of the late- 
arising beneficial mutations and the genetic mechinery 
responsible for their production with a view to ascer¬ 
taining whether they are produced by a special mechanism 
(distinct from the mechanism(s) responsible for the pro¬ 
duction of mutations with similar phenotypes in growing 
cells) and whether this mechanism can be understood 
in terms of the known processes of molecular biology. 
This approach has largely concentrated on the reversion 
of lacI33 : : lacZ fusion in FC40 (refs 14-22). Based 
on the spectrum of the mutational sites and the enzymatic 
machinery required for producing these mutations, it 
appears that in this strain the mechanism that produces 
the post-plating Lac* revertants is distinct from the 
ones(s) responsible for producing Lac* revertants in 
growing cells. Inasmuch as the former mechanism seemed 
to produce only the beneficial mutations after exposure 
to the selection pressure in the absence of cell division, 
without producing other mutations (e.g. trpE972-> 
Trp ) which would not be immediately advantageous on 
the selection plates, it would appear to be a non- 
Darwinian (Lamarckian?) mechanism of mutagenesis. 

However, the crucial question to distinguish a Lamar¬ 
ckian from a Darwinian mechanism should be whether 
it can foresee the phenotypic consequences of specific 
mutations before producing them or is random in the 
sense of being blind to these consequences. Other kinds 
of apparent non-randomness, e.g. an ability to produce 
mutations only in certain sequence contexts, would not 
make the mechanism non-Darwinian, merely because it 
produces mutations in some genes and not in others. 
Here we propose that the mechanism responsible for 
the late-arising Lac* mutants in FC40 is a Darwinian 
mechanism in the above sense and that the failure to 
recover non-adaptive mutants in the few attempts made 
so far can be understood in terms of the biochemical 
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properties of this mechanism. The mechanism proposed 
by us can also explain the recovery, of the (apparently) 
adaptive mutations in several other cases as well as 
nonrecovery of non-adaptive mutations. 

The rationale for the model 

The most likely cause of mutations produced in a 
non-replicating cell not exposed to any external envi¬ 
ronmental mutagen (such as FC40 plated on lactose M9 
plates) should be some intracellular enzymatic processes. 
In E. coli the only known process which can produce 
deletions in mononucleotide tracts is polymerase slippage 
during DNA synthesis or unequal homologous recom¬ 
bination. If one such process is indeed responsible for 
the late arising Lac^ in FC40, then its range must be 
very short because no mutations are seen in other 
mononucleotide repeats present only a few bp away 
from the affected tracts (Figure 1). One known process 
involving very short stretches (~ 10 nt) of repair synthesis 
is the so-called VSPMR (very short patch of mismatch 
repair) system in which the DNA synthesis is initiated 
at a nick made by a strand specific, sequence specific 


endonuclease, Vsr (refs 23, 24). This endonuclease 
recognizes T: G mismatches present in certain specific 
sequence contexts, namely, 

5'CTAGG3' 5'CTTGG3' 

I I I I or I I I I 

3'GGTCC5' 3'GGACC3' 

and nicks the strand containing the mismatched T 
immediately 5' to this T. T: G mismatches in some 
other sequence contexts, namely, CTAGG, CTTGG, 
CTAGC, TTAGG, GTAGG, CTAGT, CTAGA, TTTGG, 
CTCGG, ATAGG, CTTGC, TTAGA, TTAGC and 
CTGGG (with the second T as the mispaired base in 
each case), which may differ from the above canonical 
at one or two bases also act as substrates of this enzyme 
though with variable efficiencies^^’^^. The 3'OH end 
generated by Vsr nicking serves as the primer for the 
VSP repair synthesis which does not appear to extend 
beyond 10-12 bp (ref. 25). If during the course of this 
repair synthesis the DNA polymerase (or an enzyme 
complex containing the polymerase) were to encounter 
a simple sequence repeat it would have the potential to 


1 

i 

ATG HATATCCCG CCGTCAACCA CCATCAAACA GGATTTTCGC CTGCTGGGGC AAACCAGCGT 


a(2) b(42) 

GGACCGCTTG CTGCAACTCT CTCAGGGCCA GGCGGTGAAG GGCAATCAGC TGTTGCCCCGT 

-1 stop 

.-.^ <- 

1 c d(6) 1 e 2 f(8) g h 

CTCACTGGTG AAAAGAAAAA CCACCCTGGC GCCCAATACG CAAACCGCCT CTCCCCGCGC 


gAcc. 

3 ^.■' i 

GTTGGCCGAT TCATTMTGC AGCTGGCACG ACAGGTTTCC CGACTTAATC GCCTTGCAGC// 

“G^ “GTCC +■' stop 

^.-f------.J 


Figure 1. Sequence of 244 nucleotides of a region of the lati-lacZ fusion carried by llie I* 
conjugative plasmid in the strain FC40 which has a deletion in the chromosomal lac operon. A 
+ 1 frameshift due to an insertion mutation CCC to CCCC at bp 119-121 creates a stop codon at 
bp 229-231 thus making the cell Lac'. Lac"^ reversion can occur by any one of a number of 
possible mutations within the -1 and +1 stop signals that restore the lacZ reading frame without 
creating a stop codon. These mutations may be 1 bp deletions or more complex DNA rearrangements. 
The early and late arising Lac"^ alleles were amplified using PCR primers outside this stretch and 
sequenced by Rosenberg et and Foster and TrimachP^ A total of 66 late arising Lac"^ mutants 
were sequenced. All had 1 bp deletions. The sites of these deletions and the numbers recovered 
at each site are .shown. Letters (a) to (i) demark mononucleotide stretches of length > 3 nt. The 
most striking feature here is that 56/65 (86%) of all the mutants were confined to only three of 
these tracts b, d and f at positions 119-122 (CCCC), 140-144 (AAAAA) and 156-158 (CCC) 
while no mutants were produced at any of the five similar repeats, c, e, g, h and i; only two 
mutations mapped at a. The putative VSP repair sites are underlined. The ‘C’ residues where 5 
methyl-C to T mutation (or C to U) would generate a putative target for the Vsr endonuclease 

are immediately above the start of the dashed lines which indicate the range and the direction of 
the repair tract predicted by the model. In four cases (positions 131, 152, 210 and 219), these C 
residues lie on the complementary strand for which the sequence in the relevant regions is shown. 
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produce short deletions by enzyme slippage. Alterna¬ 
tively, ligation of the newly synthesized strand and the 
old strand before the synthesis of the last excised base(s) 
may also generate a deletion. If the VSPMR is indeed 
the source of the mutation produced in stationary state 
cells, one prediction would be that the mononucleotide 
repeats which serve as mutational hotspots in lacI33-lacZ 
should have potential Vsr target sites in their vicinity 
on the 5' side while other mutationally cold repeats 
should not. Examination of the 135 bp sequence between 
-1 and +1 stop signals in Figure 1 showed it to have 
at the desired places (i.e. near the deletion hot spots) 
sequence contexts where C T transition would generate 
potential Vsr sites. These (C—>T) transitions can be 
generated by methylation of the ‘C’ residues by the 
enzyme Dcm (DNA cystosine methylase) and deamina¬ 
tion of the resulting 5-methyl cytosine^’. 

The model 

These facts and a careful examination of other reported 
characteristics of the late arising Lac'^ revertants suggested 
the following model which rests on three postulates: (i) 
Certain enzymatic processes continue to function in 
stationary state cells though, probably, at a low level. 
These include, methylation of appropriately located 
cytosine residues in DNA, deamination of the 5 meCs 
to give T : G mismatches, and repair of these mismatches, 
(ii) Of the two competing repair pathways available for 
the repair of T: G mismatches, namely, the adenine 
methylation dependent (general) mismatch repair path¬ 
way (MMR), which is also called the long patch 
mismatch repair system (LPMR), and the very short 
patch mismatch repair (VSPMR)” system specific to 
the T: G mismatches, the former accounts for most of 
the repair in growing (WT) cells but in stationary cells 
(or even in growing cells lacking a functional LPMR) 
the relative contribution of the latter increases. This 
may he due to down-regulation of the LPMR genes 
(especially mutS) which would make the target (T: G 
mismatch) more easily accessible to the Vsr endonuclease 
which initiate the VSPMR, or reduced ability of the 
LPMR to effect the repair due to non-availability of 
hemi-methylated GATC sequence in the absence of 
regular chromosomal replication, or poor supply of 
dNTPs required for excision and resynthesis of long 
tracts of DNA associated with LPMR. (iii) The DNA 
replication/recombination associated with VSPMR, is 
error prone and can produce new mutations in the short 
repair tract (of less than 10-12 nt) 5' to the excised T. 
These mutations may include deletions in tracts of 
repeated nucleotides. VSPMR is thus proposed to be 
both anti-mutagenic (in reverting the C -> T transitions) 
and mutagenic (in producing new mutations in the 
neighbourhood of the T; G mismatch). In contrast, LPMR 
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is largely anti-mutagenic as the repair replication 
associated with it is largely error-free. It should be 
mentioned here that the mutagenic activity of VSPMR 
proposed by us is different from another mutagenic 
activity of this system present in growing cells, where 
the correction of a T:G mismatch produced by an 
A-»G transition can fix the mutation”, (iv) If the 
mutation so produced is on the transcribed strand and 
adaptive (i.e. with the potential of promoting growth 
immediately), the transcription of the mutant gene and 
translation of the mRNA leads to production of functional 
protein (/?-galactosidase in FC40) which promotes growth 
and DNA replication resulting in fixation of the mutation. 
If the mutation is on the non-transcribed (coding) strand 
then it may not lead immediately to the production of 
a functional protein and its own fixation by replication, 
but the mismatch produced may be corrected by LPMR 
operating on the complementary strand, initiated 
presumably at a nearby nick or an unmethylated GATC. 
This mismatch correction could lead to transfer of the 
mutation to the transcribed strand followed by its fixa¬ 
tion via transcription, cell growth and chromosomal 
replication. 

Evidence that unmethylated GATC stretches are present 
in stationary state cells is provided by the observation 
that overproduction of the DNA adenine methylase (Dam) 
which would reduce the LPMR activity, considerably 
enhances the recovery of the late arising Lac'*' revertants 
in FC40, an effect also shown by mutL : : Tnid mutations 
in this background'^. Apparently, LPMR is also operative 
in stationary state cells” though not as efficiently as in 
growing cells where it seems to repair most of the T: G 
mismatches and makes them inaccessible to the error- 
prone VSPMR. However, mutational inactivation of mutS 
or mutL may make T: G mismatches accessible to 
VSPMR even in growing cells which then gives the 
same spectrum of LaC" mutations as seen in (WT) 
stationary state cells'*. Beletskii and Bhagwat” have 
argued that processes like repair, recombination and 
transcription which make ds DNA transiently single 
stranded enhance deamination and shown that transcrip¬ 
tion of a gene enhances the frequency of C —> T transition 
at the Dcm sites in the non-transcribed strand. This 
implies that in spite of the additional repair step required 
to transfer a mutation from a non-transcribed strand to 
a transcribed strand, the contribution of an appropriately 
located Dcm site on the former (non-transcribed) strand 
to the apparently adaptive Lac''' mutations may be quite 
high. This may explain why comparable numbers of 
late arising LaC' are recovered at sites d and f. 

The explanation of the late arising Lac''' mutant spec¬ 
trum in FC40 based on the above model is as follows. 
There are a total of nine mononucleotide repeats of 
length 3 nt or more in the sequence between -1 and 
+1 stop codons (Figure 1). Of these, three (b, d and 
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f) account for 86% (56/65) of the post plating Lac^ 
revertants sequenced by the groups of Rosenberg and 
Foster^ a fourth a for some 3% and the other five 
for none. It is remarkable that each one of a, b, d and 
f lies within 12 bp of a methylatable cytosine residue 
(at the start of the arrows in Figure 1) in which, a 
C T mutation would generate a putative Vsr target 
sequence, while the neighbourhoods of the other four 
repeats (e, g, h and i) have no such cytosines. In spite 
of the fact that the repeat e (CCC), which overlaps with 
a canonical Dcm site is not mutated in any of the 65 
sequenced Lac^ revertants, this correlation is much too 
strong to be coincidental and strongly suggests a role 
for methylatable cytosine in the production of the 
observed late-arising LaC*" mutants. 

Of the five G residues, three at positions 92, 150 and 
152 lie in canonical Dcm methylation sequences 
(5'CCWGG3') and can be converted to T by methylation 
and deamination. The Vsr targets thus generated at these 
sites could account for the mutations seen in the tracts 
a, d and f. The C residues at positions 110 and 132 
do not lie in canonical Dcm methylation sequences but 
their conversion to T would generate the sequences 
5'TTAGC3' and 5'CTAGT3' respectively, both of which 
are known targets of Vsr (ref. 26). We propose that 
these ‘C’ residues, and probably all ‘C’ residues whose 
conversion to T is likely to generate a Vsr target site, 
can serve as substrates of the Dcm methyl transferase. 
Several lines of evidence support the above proposal. 
First, the gene (v.yr) encoding the Vsr endonuclease is 
coordinately regulated with dcm from a common pro¬ 
moter. It is reasonable to expect the two enzymes to 
act in a common pathway, with matching sequence 
specificities. Second, the canonical sequence context for 
the C methylation by Dcm, namely 5'CCWGG3' 
(W = A or T), was proposed by May and Hattman^^ 
based on the structure of pyrimidine fragments generated 
by depurination of radioactively labelled DNA. A careful, 
perusal of the data of these workers^* shows that though 
they had emphasized methylation only at the canonical 
sequences, a low frequency methylation of cytosine in 
non-canonical contexts is not ruled out. Third, Bhagwat 
and his coworkers^^ have shown that M. EcoRll, which 
is a methylase sharing with Dcm a common canonical 
methylation sequence and other characteristics including 
active site structure, can methylate cytosine in the non- 
canonical context 5'GCAGG3' at about 10% of the 
efficiency of the canonical context. They have proposed 
that M, EcoRU may methylate any sequence matching 
the canonical sequence at four out of the five bases. It 
is reasonable to believe that Dcm would have similarly 
relaxed sequence specificity. Indeed the results of Glasner 
et al}^, who investigated the efficiency of various 
pentanucleotides as Vsr targets, suggest that many se¬ 
quences differing from the canonical target sequence at 


two residues are also active. This may be so even for 
Dcm. 

With the above relaxation in the Dcm sites, the 
mutagenic role of the C residues at positions 92, 110, 
132, 150 and 152 in generating the hot spots a, b, c, 
d and f is obvious. It may be noted that 5'ATT 
GG3' is not a Vsr substrate^'^, therefore, if C T 
transition were to take place at position 129, it would 
not initiate VSPMR which would explain why 4As at 
c dp not form a mutational hot spot. However, some 
quantitative anomalies need further explaining. Why are 
the frequencies of mutations at different hot spots so 
different? d and f, which are near a canonical Dcm site 
yielded only 6 and 8 mutations respectively, while b 
which has only non-canonical Dcm sites in its neigh¬ 
bourhood, gave 42 mutants. Further, though the VSPMR 
mediated mutation at d would lie on the transcribed 
strand those at f would be on the non-transcribed strand 
and therefore not immediately adaptive; however, these 
two repeats contribute to nearly the same extent to the 
adaptive Lac"^ colonies. How? Again a, which is also 
near a canonical Dcm site, gave only two mutations 
and e gave none though it overlaps a canonical site. 
The answers to these questions would obviously have 
to await elucidation of the details of the molecular 
mechanisms involved in production of the T: G mis¬ 
matches and in their (error-prone) repair. However, the 
available facts permit some speculations. 

The length of the repair tract associated with VSPMR 
is known to be very small^^ If it is postulated that this 
length falls rapidly after 10 nt then the low mutation 
frequency at a, which is 12 nt away from the methylatable 
cytosine at position 92, will be expected. If it is further 
postulated that up to 10 nt the probability of recovering 
a mutation (at least a deletion) increases with the tract 
length then both the non-recovery of any mutation at 
e (whose first base is only two bases from the putative 
repair initiation site) and the high recovery at b (where 
the first base is 10 nt away from the repair initiation 
site on right and 9 nt from that on left (Figure 1), can 
be understood. Several models with such properties and 
which explain the differential contribution of different 
hot spots consistent with the known genetic requirements 
of the phenomenon are conceivable (to be discussed 
elsewhere). However, a schematic diagram depicting the 
essential features of the model as proposed here is 
shown (Figure 2). 

Why are the late arising LaC^ mutants not recovered 
(formed?) during starvation on plates lacking lactose or 
another essential nutrient? We propose that such mutants 
are actually formed but in the absence of immediate 
cell growth most of them lose their viability due to 
production in the same cells of additional (deleterious) 
mutations or are repaired by LPMR during prolonged 
incubation in the absence of selection or both. In our 
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hypothesis, during starvation all Dcm sites act as potential 
sources of new mutations in their vicinity. A cell which 
has experienced a lac* reversion (i.e. a -1 deletion in 
one of the appropriate tracts) can be recovered as a 
Lac* colony only if transcription of the mutant allele 
and the consequent cell growth and replication of the 
mutant chromosomal strand occurs before the latter 
experiences a deleterious mutation near another methy- 
latable cytosine. If the revertant allele cannot be tran¬ 
scribed due to absence of an appropriate inducer or if 
the cell cannot grow due to the lack of an appropriate 
nutrient then the cell is likely to lose viability due to 
formation of a lethal mutation elsewhere on the 
chromosome. 

Why does the number of adaptive Lac* revertants 
increase almost linearly with time? Several scenarios 
consistent with our hypothesis are possible. One which 
we favour is suggested by the observations that during 
starvation on lactose plates there is hardly any loss of 
viability of the FC40 cells but its mutS derivative loses 
viability rapidly. MutS is also the protein which recog¬ 
nizes T: G (and other mismatches) and initiates their 
repair by the LPMR. The absence (or low supply) of 
this protein makes the T: G mismatches accessible to 
Vsr leading to VSPMR which is responsible for the 
production of both the adaptive and the lethal mutations. 


Dcm-methylation 
—_ N 


Deamination (Dcm) 
- N 


Nick (Vsr) 
_ N 


Error-prone 

repair 

_\ 


10-12 bp 

Figure 2. Schematic view of the proposed model for explaining the 
occurrence of ^adaptive LaC* revertants in FC40. *C is a cytosine 
residue which is vulnerable to methylation due to its presence in the 
sequence context recognized by Dcm. Only the canonical Dcm site is 
shown though several degenerate sites with relaxed specificity of its 
recognition can also be targets of Dcm and of Vsr (after C-^T 
mutation) (see text for details). ‘XXX’ represents a mononucleotide 
tract_ with 3 or more residues. In FC40 all selected adaptive mutations 
are single base deletions from such tracts. We propose that the 
error-prone VSPMR may also lead to point mutations within its range 
in other systems (see the text for details). 
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If it is assumed that in starving FC40 cells on lactose 
plates, at any given time the MutS concentration falls 
below a critical level (necessary for the accessibility of 
the T: G mismatches to Vsr and activation of VSPMR) 
only in a small proportion of cells which can now 
undergo hypermutagenesis in the neighbourhood of Dcm 
sites leading to either adaptive Lac"- or lethal mutations, 
then the constant rate of the formation of Lac^ colonies 
would be predicted. Stochastic processes which can 
produce widely different levels of the products of a 
specific gene in different cellular subpopulations have 
recently been proposed^^. 

The model seems also to be consistent with the 
mutational spectra of adaptive His^ revertants obtaine(j 
by Prival and Cebula^"^ with two isogenic strains of S, 
typhimurium harbouring two different mutations hisG46 
and hisG428 at widely separate locations in the same 
coding sequence. No putative VSPMR initiation site 
exists in the neighbourhood of the ochre mutation in 
hisG46. However, the strain hisG428 gave time-depend¬ 
ent mutations. The ochre codon of hisG428 lies entirely 
within 10 base pairs of the site, 3'-GCTGA-5' which 
contains the core methylatable CTG of the Dcm recog¬ 
nition site and is not one of the known VSPMR non- 
vulnerable sites . Presumably, methylation occurs despite 
substitution of the second G by A. 

The delayed Trp"*" and Tyr^ revertants obtained from 
two ochre mutants trpE6 an(i analysed by Bridges^^’^^ 
differed from that of ochre mutant hisG428. In both 
the cases, revertants were neither altered at the ochre 
site nor were suppressor mutations detected when probed 
by ochre suppressor T4 test phages. We analysed the 
sequences of wild type alleles of both and found an 
abundance of putative VSPMR initiation sequences (un¬ 
published results). Although other possibilities cannot 
be ruled out, it is more likely that the revertants harbour 
some intragenic frameshift mutation in both cases and 
that the poor growth was probably a consequence of 
partially defective products in the revertants. 

The two mutator tRNA genes identified by Slupska 
et al?'^ have been suggested to cause mutator phenotype 
by substitution of C to T in the anticodon in one of 
the four wild type copies of the gene present in the 
cell. We note that the anticodon overlaps partially with 
the noncanonical sequence (underlined), 5'CCAAGG3'. 
All the three independent mutations occurred at the 
adjacent C at the 5' end which is the 4th base from 
the putative methylatable C in the complementary strand 
and is likely to have arisen by VSPMR process as 
hypothesized in our model. The methylatable C is pre¬ 
sumably conserved by VSPMR"^’^^ which gives a selective 
advantage for enhancing variability within a short stretch 
in the neighbourhood without losing the site for initiation 
of the repair on the chromosome. Such mutations may, 
therefore, occur more frequently under stationary state 
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and give rise to hypermutable subpopulations. Hyper- 
mutable subpopulalions have long been proposed as an 
expianation^^’^^*'^^^ for adaptive mutagenesis though the 
mechanism of their emergence was not known. Recent 
reports based on computer simulation"^* as well as 
experimental studies"*^ show that such subpopulations 
indeed arise though no specific molecular mechanisms 
have been proposed. 

The model proposed ■ here makes several testable pre¬ 
dictions. For instance, the relative contribution of any 
of the three hot tracts (namely b, d and f) in Figure 
1 should be reduced by altering the neighbouring putative 
methylatable Cs and their sequence contexts so as to 
make them nonamenable to Dcm methylation or VSPM 
repair. Conversely, creation of an appropriate Dcm 
recognition site close to (10 to 12 nt) any of the cold 
tracts in lacI33-lacZ should increase the mutation 
frequency at these tracts. Similar rules should also apply 
to production of mutations in other genes, i.e. mutations 
located within 10 nt of an appropriately oriented Dcm 
methylatable C should give high frequencies of apparently 
adaptive while others not so located should not. One 
interesting case in this context would be the production 
of Val*^ mutations studied by Jayaraman"*^. The spectra 
of Val^ mutations in growing and stationary state cell 
would be pi'edicted to have Dcm sites near the latter. 
Another set of predictions of the model would be that 
mutational inactivation of any of the genes involved in 
the creation of C —> T mutations (i.e. dcm) or in the 
repair of the T: G mismatches thus created (e.g. v.yr or 
polA) should decrease the frequency of late arising Lac"^ 
mutants. Jayaraman"^^ also showed that the adaptive VaP 
mutations in mutS background were recA^ dependent 
while those in miitL background are not. Since the late 
arising Lac"^ in FC40 ai’e also produced by a recA^-de- 
pendent mechanism, one would be tempted to predict 
that the adaptive Val^ mutants in mutS cells are produced 
by a Dcm directed VSPMR mutations while those in 
mutL background are produced by another mechanism. 
The mutational spectra obtained in these two backgrounds 
should answer this question. Additionally, since our 
model proposes a role for VSPM repair in production 
of the adaptive mutations, the genes which on inactivation 
block the production of Lac"^ revertants in FC40, would 
be predicted to be involved in VSPMR mechanism. 
Therefore, if our hypothesis is valid in general, VSPMR 
should be inactive in recA, recB or recC hosts in the 
classical lambda genetic crosses performed by Lieb^^ 
where the phenomenon was first observed and later 
suggested to explain gene conversion. 

Thus, we believe that a mutagenic VSP-mismatch 
repair process conserves the site of mismatch and is 
consistent with the occurrence and nonoccurrence of 
adaptive mutations in most of the cases though mutational 
events in some have not been fully characterized. We 


also attribute a significant biological role, as a tool of 
evolvability, to the deaminase activity of Dcm and 
propose that it is true for 5-methylcytosine methylases 
in general. The coregulation of dcm and vsr as part of 
the same operon'^"^ makes sense since both are necessary 
for efficient creation of adaptive mutations under stress. 
The suggestion that the degenerate sites of the Vsr- 
endonuclease action could be involved in genome evo¬ 
lution^^ is provided a testable mechanistic basis by our 
hypothesis involving VSPMR as a mutagenic process. 
Chi site (5'-GCTGGTGG-3') stimulation of recombina¬ 
tion"*^ may be a consequence of initiation of VSPMR 
process since it includes an asymmetric putative Dcm 
recognition sequence that could be responsible for its 
polarity. The repetitive sequence, REP, in E, coli also 
has one such putative methylatable tetranucleotide on 
both arms of the conserved inverted repeat each being 
nearly equal to the maximum VSP mismatch repair tract 
length"*^ Such sequences and trinucleotide repeats con¬ 
taining methylatable cytosine such as C(T/A)G have 
been suggested to play a role in evolution of the genome 
and in diseases like cancer in as yet unknown ways"*^""**. 
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Biochemical and molecular basis of 
differentiation in plant tissue culture 
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Basic understanding of plant cell proliferation and 
differentiation is imminent for applying modern tech¬ 
niques of genetic transformations. Although remark¬ 
able progress has been made in the area of gene transfer 
technology, little is known as to how plant cells 
differentiate in cultures. Plant tissue culture has there¬ 
fore remained an empirical science. In this review, an 
attempt has been made to assimilate the current 
knowledge of the various biochemical and molecular 
parameters, which play an important role in differen¬ 
tiation. 


Gene transfer technology in plants promises to have a 
significant impact on crop improvement. The major 
advance in this technology is the development of 
explant-based regeneration system. Despite the fact that 
plant cells display a remarkable potential for cellular 
totipotency, behaviour of plant cells or explants in tissue 
culture medium is unpredictable. It is assumed that 
differentiated plant cells retain their ability to revert to 
embryogenic condition and generate a complete new 
plant through somatic embryogenesis or organogenesis. 
This unique property offers an opportunity to investigate 
cellular, physiological, biochemical and molecular basis 
of differentiation. Very little is known about the 
molecular mechanism of in vitro differentiation. The 
lack of reliable molecular markers is a serious constraint 
for extensive use of genetic engineering in plants. This 
review attempts to bring together the current information 
on biochemical, cellular and molecular mechanism 
underlying differentiation in plant tissue culture. 

Biochemical regulation of differentiation 

Visible manifestation of cell differentiation includes' 
greening of callus, variation in the cell wall thickness 
and biogenesis of certain cytoplasmic organelles, such 
as plastids. Some tissues are specifically adapted for 
specialized functions, such as, secretion, storage, me¬ 
chanical support and protection. Differentiation in such 
tissues involves differences in the basic metabolic path¬ 
ways. The precise requirement for metabolites to bring 
about altered development can be fulfilled within the 
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cell itself or through transport. Thus, explants require 
critical supply of metabolites: vitamins, phytohormones 
and nutrients when grown in aseptic condition. Similarly, 
callus cultures of certain plants require external supply 
of auxin and cytokinin to maintain cell division. These 
phenomena strongly support the tenet that cell differen¬ 
tiation involves the activation of certain genes and 
repression of others, which control different basic 
metabolic or anabolic pathways. Besides hormones, 
several low molecular weight compounds, namely amino 
acids, oligosaccharides and polyamines are also known 
to be involved in differentiation. 

Amino acid and poly amines in differentiation 

Many metabolic and anabolic pathways are operative in 
a plant cell, e.g. photosynthesis, respiration and bio¬ 
synthetic pathways for amino acids, polyamines and 
ethylene. These pathways are well connected with 
different cellular processes. The small change in meta¬ 
bolites of these pathways could bring about a dramatic 
change in various physiological processes. Amino acids, 
for instance, have been shown to be specific stimulators 
of somatic embryogenesis* and differentiation^. The role 
of amino acids in growth and differentiation is known 
to a considerable extent^"*. Amino acids may induce or 
inhibit cell proliferation or differentiation. In Brassica, 
leucine and isoleucine were reported to promote differ¬ 
entiation, whereas methionine and threonine activated 
proliferation^. Figure 1 depicts how different amino 
acids, supplied exogenously, affect proliferation and dif¬ 
ferentiation in Brassica culture^. A little change in amino 
acid content could bring about different morphogenetic 
responses. However, higher concentrations of amino acids 
have been shown to be general growth inhibitors in 
Nicotiana silvestris^ and Cicer arietinum^. Thus, a balance 
in amino acid composition is very crucial for organized 
growth. Some regulatory enzymes like aspartate kinase, 
homoserine dehydrogenase, threonine dehydrogenase, 
maintain this balance**"**^ 

Polyamines play an important role in cell division 
and differentiation in eukaryotes**’*^. Rapid accumulation 
of polyamines occurs concurrently with the initiation of 
cell division and the inhibition of polyamine biosynthesis 
induces differentiation*^"*^. Polyamines are implicated in 
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a variety of physiological processes like flower deve¬ 
lopment, plant defence and somatic embryogenesis^^. 
Some authors have even postulated polyamines as a 
type of plant growth regulator or hormonal second 
messenger^l These studies have been substantiated by 
the use of inhibitors of their biosynthetic enzymes. 
Cloning of genes of polyamine biosynthetic pathway 
has given a new impetus to polyamine research. The 
effects of cellular perturbation of polyamine levels on 
plant developmental processes can be studied using 
transgenic approach^®’^^. However, it is not yet clear 
whether polyamines act as developmental switches, which 


are indeed causal rather than consequential in their 
effects. Figure 2 shows growth and differentiation of 
Brassica callus maintained on spermidine containing 
medium^®. 

Hormonal control of differentiation 

In tissue culture, proper combinations of growth regu¬ 
lators elicit a wide range of responses. The switch from 
the undifferentiated cells (callus) to differentiated one 
in plant requires an early commitment to a specific cell 
fate. Plant growth regulators at low concentrations are 



Figure 1, Effect of amino acids on in vitro growth of shoot apices of Brassica juncea. The excised shoot 
tips were placed on MS medium supplemented with 6-benzyl adenine (8.8 pM) and 1-naphthaleneacetic acid 
(2.68 pM). In addition, various amino acids, viz. methionine (1), threonine (2), lysine (3) and isoleucine (4) 
were added to the control medium at lower concentration, 0.5 ppm {a) and at higher concentration, 5 ppm (b). 
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known to influence cell commitment and cell determi- 
nation^^ Several auxin-regulated genes have been char¬ 
acterized and their possible roles in different cellular 
processes have been determined^^. Still, it is not clear 
whether hormones primarily influence differentiation by 
activating early response genes or are involved at rela¬ 
tively late stages such as during cell expansion or 
morphogenesis. 

Of the various phytohormones known, ethylene is 
gaseous and is produced in trace amounts. As little as 
10 ng/1 of ethylene can induce fruit ripening. Besides pro¬ 
moting leaf/flower senescence, abscission, loss of geotropic 
sensitivity and sex determination in monoecious species, 
it controls many physiological processes in plants^^’^"^. 
Importance of ethylene in in vitro cultures has been widely 
reported vis-d-vis growth and differentiation^^’^^ 

Ethylene influences growth and differentiation of in 
vitro plant cell culture and high levels of ethylene inhibit 
shoot regeneration. Application of aminoethoxyvinyl- 
glycine and silver nitrate, the inhibitors of ethylene 
biosynthetic pathway cause high frequency regeneration 
from cultured explants of Zea mays^\ Brassica cam- 
pestris^^ and Brassica juncea^'‘\ Figure 3 shows the effect 
of AgN 03 on in vitro regeneration of Brassica juncea^. 

Cell division marker enzymes 

Enzyme glyoxalase 1 which catalyses the transformation 
of methylglyoxal and glutathione to S-lactoylglutathione 
is converted to D-lactic acid by glyoxalase Since 
glyoxal system has been found in cells of all organisms 
it is assumed that it must be having an important role 
in the developmental programme. However, the role of 
this enzyme is not clear, it probably is concerned with 
the detoxification of methylglyoxal, a potent cytotoxic 
metabolite^ ^ The glyoxalase I has been correlated to 
cell division in Datura?^, coconuF^ soybean^"^ and Bras- 
sica^^. Glyoxalase I level was reported to be high in 



Figure 2. Growth and differentiation of Brassica culture on spermidine 
(Spd) containing medium, a. Basal medium with hormones (NAA, 
5.37 gM; BA, 1.4 p,M) and Spd, 1 |iM; 6, Basal medium with Spd 
(1 ^iM). 


proliferating cells of Brassica and declined during dif¬ 
ferentiation induced by inhibitors of polyamine and 
ethylene biosynthesis^^. 

Molecular regulation of differentiation 

In recent years, a concerted effort is being made to 
understand the molecular control of cell differentiation. 
A set of genes orchestrates cell division, differentiation 
and somatic embryo development. The expressions of 
these genes are cell type, region and organ-specific^^. 
Moreover, the best approach for understanding the 
molecular mechanism is to identify molecular marker, 
which could be used to identify the early events of 
somatic embryogenesis and differentiation. The different 
approaches to explore the early events of differentiation 
are mutant analysis, differential screening of transcript 
and ectopic expression of regeneration-specific genes. 

Marker proteins for regeneration 

Gene products differentially expressed during somatic 
embryogenesis have been used as probe for differentia¬ 
tion. Two embryo-specific proteins (70 kDa and 43 kDa) 
were found in carrot embryogenic callus^^. Likewise, 
Stirn and Jacobsen^^ showed two embryogenic specific 
proteins (70 kDa and 45 kDa) in pea suspension culture. 
A polypeptide of 46 kDa was found exclusively in 
embryogenic barley cell culture^^. 

Embryogenic-specific genes 

A comparison of gene expression during embryogenesis 
has been utilized to identify developmental markers. 
During early stages of carrot embryogenesis EMB-1 
mRNA starts accumulating. The accumulation of EMB-1 
mRNA progressively increases as the embryo matures. 


~AgN 03 +AgN 03 



Figure 3. Effect of AgNO^ on shoot differentiation. The hypocotyl 
explant was placed on MS medium with or without AgN 03 (50 |aM). 
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The expression of EMB-1 gene is detectable in zygote 
and somatic embryo as well. In fact, the spatial and 
temporal EMB-1 gene expression appears to be similar 
in both zygotic and somatic embryos. This suggests that 
normal embryogenesis process is independent of sur¬ 
rounding maternal tissue"^”. Yoshida et cloned five 
regeneration-specific genes in rice by differential screen¬ 
ing. One of them PCR-2 accumulates transiently in calli 
after the induction of embryogenesis. Besides, PCR-2 
transcript specifically accumulates in both somatic and 
zygotic embryo. The expression of dormancy-related 
cDNA and aldose reductase cDNA is limited to 
embryogenic culture of barley^^. Two cDNA fragments, 
G35 and G36, have been isolated from tomato by mRNA 
differential display and it has been shown that they are 
modulated in time- and growth regulator-dependent man¬ 
ner during early phase of in vitro shoot determination‘s”. 

Plant cell wall proteins 


processes. It is considered that information of fate 
determinants resides on the cell wall. Extensive studies 
have been done on proteins in plant cell wall's^ There 
are five major classes of cell wall proteins: 
hydroxyproline-rich glycoproteins (HRGPs), proline-rich 
proteins (PRPs), glycine-rich proteins (GRPs), arabi- 
nogalactan proteins (AGPs) and solanaceous lectins. The 
specific expression of cell wall protein indicates its 
potential role during developmental processes. For 
instance, dicot HRGPs are usually expressed in dividing 
tissue which suggests that HRGPs play an important 
role in primary cell wall development and subsequent 
cell division'^'^. The expression of GRPs is closely 
associated with cells in the process of lignification. 
Therefore, these are most likely structural proteins 
associated with vascular system'^^ The expression of a 
rice glycine rich cell wall protein gene, Osgrp-I has 
been reported to be closely associated with cell elongation 
and expansion during post-mitotic cell differentiation'^^ 


Plant cell wall plays an important role in developmental 
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Figure 4. Schematic diagram repiusenting the current understanding 
of differentiation process in plant tissues. 


Cell-cycle and cell-cycle division genes 

Cell proliferation and differentiation are mutually exclu¬ 
sive phenomena. The start point of cell cycle, G1 phase, 
decides whether the cell will divide or differentiate. 
Differentiation may be initiated with proper signals both 
at G1 and G2 phases of the cell cycle'^^. For example, 
critical events for the induction of tracheary differen¬ 
tiation in Zinnia elegans parenchyma occurred during 
early G1 phase'^^ Supplementation of trigonelline, which 
causes arrest in Gl/G2'^^^ and theophylline, which is 
reported to induce a block of cell cycle in G1 in roots 
of Haplopappus^^^ induce differentiation in Brassica^K 
Network of genes and their products play a crucial role 
in cell division and differentiation. For instance, a 
nucleolar protein fibrillanin increases with increased 
nucleolar activity in G2 and probably decreases when 
nucleolar activity declines during differentiation^^. 
Another report shows a nucleolin-like protein NucMsl 
is tightly linked with cell proliferation but has no trace 
in the cell differentiation process^^. Many cell division 
cycle (cdc) genes, have been cloned and sequenced in 
animal system^'^. In plants, cdc homologues have also 
been isolated and sequehced^^. In animals, cdc2 level 
could be stringently correlated with the proliferative 
state of cell^^’^^. In higher plants, there is a positive 
correlation between cdc2 level and meristemic activity, 
though cdc2 mRNA is also found in non-dividing tissue^^ 
Arabidopsis cdc48 was found to be highly expressed in 
meristematic and expanding cells, but not in morpho¬ 
logically differentiating cells. Besides, cdc48 is also 
involved in the cell growth process^^. 

In dividing tobacco protoplasts, the proliferation marker 
enzyme-glyoxalase was induced in a phase-dependent 
manner prior to the G2/M phases of the cell cycle. The 
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nucleotide sequence analysis of glyoxalase I shows sig¬ 
nificant homology with auxin-inducible genes and a 
limited but strong similarity with the cdc25 binding 
domain of plant mitotic cyclins^'^ Therefore, it suggests 
a possible role of glyoxalase I in auxin-induced cell 
division. 

Role of homeotic genes in differentiation * 

Homeotic genes play crucial role in an orchestrated 
manner for cellular and regional differentiation of Droso- 
phila^K Several homeotic genes have also been isolated 
from maize^^, rice^^ Arabidopsis^^ and soybean^^. The 
ectopic expression of the homeobox genes caused 
abnormal leaf development in transgenic plants^^. The 
plant homeotic genes are also directly involved in embryo 
development. A rice homeobox gene, OSHf is highly 
expressed before organ differentiation in a specific region 
during early embryogenesis. OSHl is not directly asso¬ 
ciated with shoot development. The gene may function 
to specify cell identity and provide regional information 
of shoot and its adjacent tissue^^ Five hot (homeobox) 
genes from tobacco genetic tumours have been isolated 
by differential PCR. The profound expression of hot! 
gene in tumour tissue indicates its positive regulation 
of cell growth and differentiation during early 
tumourogenesis^’^. Maize homeobox gene knotted-1 
{kn-1) is a useful marker of meristem activity. The 
expression of kn-l is reported on the dome of all 
meristems^'^. The first detectable expression of kn-l 
occurs during embryogenesis before shoot meristem 
organization’^^ 

Future prospect and conclusion 

One of the most important questions in developmental 
biology concerns the mechanism by which a single cell 
or a few cells coordinate division and differentiation to 
yield complex structure and organs found in multi-cellular 
organism. Callus culture of plants provides a unique 
tool to study differentiation. Upon induction with proper 
signals, callus cells coordinate themselves for division 
and differentiation to yield fully mature somatic embryo 
or shoot buds. Although there are reports on various 
embryogenic-specific genes, many interesting questions 
remain to be answered. Almost nothing is known re¬ 
garding the signal transduction pathway operating during 
early events of embryogenesis and shoot bud formation 
and even during microscopic visibility. A schematic 
diagram (Figure 4) is given to show how cell differen¬ 
tiation is controlled according to present knowledge. 
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Visualization studies of cloud-like flows 

L. Venkatakrishnan*, G. S. Bhat*, A. Prabhu* and R. Narasimha*’^’^ 

♦Centre for Atmospheric and Oceanic Sciences, Indian Institute of Science, Bangalore 560 012, India 
Fluid Dynamics Unit, Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore 560 064, India 


This paper reports a series of flow visualization studies 
in which cloud-like off-source volumetric heating is 
injected into fully developed turbulent flow, with the 
objective of simulating the effect of the heat release 
that accompanies condensation and freezing of water 
vapour in a cloud. The visualizations provide axial and 
normal sections of the flow using laser sheet illumina¬ 
tion. Special emphasis is placed on a comparison of 
the results obtained in jets and plumes. Although the 
results are broadly similar in both flows, the plume 
(which should be closer to a cloud) shows greater 
dilution due to entrainment before heating, and 
stronger effects due to heating. In particular, heating 
is shown to arrest the spread of the plume and cause 
considerable disruption of the large eddies in the flow. 
It is concluded that heat release due to phase change 
in a cloud has not only thermodynamic but subtle and 
important fluid-dynamical consequences as well. 

When atmospheric air ascends vertically, e.g. in the 
form of a plume from a hot spot on the ground, there 
is a drop in its temperature due to adiabatic expansion. 
When there is sufficient moisture present (as is usually 
the case in the tropics), the ascending air becomes 
saturated with respect to water vapour at some level. 
Further ascent leads to condensation of excess water 
vapour into liquid drops or ice particles. This mixture 
of dry air, water vapour and condensed or frozen water 
is what constitutes a cloud (see refs 1, 2 for a detailed 
analysis of cloud microphysics). From the dynamical 
point of view, phase change has many consequences. 
A series of experiments being carried out at the Centre 
for Atmospheric and Oceanic Sciences, Indian Institute 
of Science^’"^ suggests that the most important fluid- 
dynamical consequence may be the warming of the 
cloud by the release of latent heat. Each gram of water 
vapour condensing to liquid releases about 2.5 kJ of 
heat, which is sufficient to warm 1 kg of cloud air by 
2.5°C. (The figures for freezing are 0.33 kJ and 0.3°C.) 
For air at constant pressure, small changes in temperature 
T and density p are related to each other (using the 
perfect gas law) according to the equation 
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Hence the warming results in an increase in buoyancy, 
thus aiding further ascent of the cloud mass and over¬ 
coming the adiabatic cooling of the rising air, resulting 
in a temperature difference of some 0.5-1 °C above the 
surroundings. More specifically, because of the relatively 
large value of the latent heat of condensation of water 
vapour, atmospheric conditions can be conditionally un¬ 
stable, i.e. the thermodynamics of adiabatic processes 
in humid air is such that, over a range of ambient 
temperature lapse rates, a parcel of air can rise if it is 
saturated but descend if it is dry (see e.g. ref. 2, p. 
31). Under conditions favourable to the growth of a 
cloud, therefore, a parcel of saturated air can be slightly 
warmer than the ambient and keep ascending, and also 
simultaneously be cooler than the condensation tempera¬ 
ture and keep condensing. An estimate of the (negative) 
Richardson number, which provides a measure of the 
ratio of buoyancy to inertial forces, suggests values in 
the range 0.2-0.4, indicating that the enhanced buoyancy 
due to released latent heat can be significant. 

Of course condensation (and freezing, when that also 
takes place) will render cloudy air a multi-phase fluid. 
Even otherwise, a cloud is a complex phenomenon in 
which microphysics and thermodynamics play important 
roles. But while these roles have been extensively stud- 
ied^^ far less attention has been paid to the fluid- 
dynamical aspects of the problem, which present some 
intriguing puzzles (as we shall discuss shortly). The 
objective of the present study is to look at one aspect 
of the fluid dynamics of the cloud, namely the effect 
of heat release due to phase change, through a laboratory 
simulation of cloud-like off-source heating in two relevant 
turbulent flows. 

If the details of the phase change are put aside for 
a moment, then flow inside a cloud is characterized by 
a local increase in temperature and hence buoyancy. 
While vertical ascent is required for cooling and con¬ 
densation, the heating rate produced depends on the 
amount of water vapour that is condensing or freezing. 
It must be realized that a jet (for example), subjected 
to such heating, does not merely become the standard 
(and much-studied) hot jet, i.e. jet of pre-heated fluid, 
in which the temperature and velocity distributions are 
inter-related and the relevant scales of both variables 
evolve together. When the temperature varies inde¬ 
pendently of the velocity, as may happen, e.g. by 
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combustion or by volumetric heating of the fluid away 
from the source of the flow, the velocity and temperature 
scales cease to be inter-related as in a hot jet. The 
mechanism governing the flow behaviour under such 
conditions is poorly understood. It is this class of flows 
with off-source generation of buoyancy - of which 
cumulus clouds are a naturally occurring example-that 
we seek to understand in the present series of studies. 

One parameter of great interest in these flows (and 
in clouds) is entrainment. Most early cloud models 
assumed entrainment of ambient air into the cloud from 
its lateral edges, and employed an entrainment relation¬ 
ship of the type conceived first by Taylor^ which 
postulates that the mean inflow velocity across the edge 
(say V^) of a free turbulent shear flow is proportional 
to a characteristic velocity within the flow, usually taken 
as the local time-averaged maximum mean velocity at 
the level of inflow {UJ. Taylor’s hypothesis has been 
successful in a variety of situations, but when applied 
to clouds it has failed to make realistic predictions of 
either liquid water concentrations or height of penetra¬ 
tion^-’. Studies such as those by Paluch* showed that 
the observed thermodynamic properties in a cloud could 
be accounted for only if air from the cloud base rose 
to the top without lateral mixing with the surrounding 
air. In fact the composition of cloud air near the cloud 
top shows that it results from mixing of the ambient 
air near the cloud top with that from the cloud base 
(this is the phenomenon of so-called cloud-top entrain¬ 
ment); only in regions much below the cloud top is 
there evidence for lateral mixing®. Such lack of entrain¬ 
ment was also suggested for cumulonimbus clouds over 
the tropics by Riehl"’. Thus Taylor’s entrainment 
hypothesis does not appear to be valid for such flows. 
Emanuel*' points out that early cloud parameterization 
schemes, based on such a hypothesis and leading to 
what has been called the similarity entraining plume 
model, were later thoroughly discredited by observations. 
(An ideal plume is a flow driven by a source of 
buoyancy like an area of high temperature over a solid 
surface, with no momentum flux at its origin; in contrast, 
a jet is driven by the efflux of momentum through a 
nozzle. A jet of hot fluid issuing into cold Surroundings 
can, however, transform itself into a plume over a 
distance of a few so-called Morton length scales, to be 
defined below.) If such a (one-dimensional) plume model 
is tuned to match the observed liquid water content, 
the model air is too cold to ascend to the observed 
cloud heights; if tuned to match the observed cloud 
tops, the liquid water content is over-predicted’. Also 
the velocity and length scales are negatively correlated 
for laterally entraining plumes and thermals*’, whereas 
there is no evidence to support such a tendency in 
cumulus or cumulonimbus clouds*’. Therefore the flow 
inside clouds is very different from that in classical jets 


and plumes, where the ambient air is continuously drawn 
into the flow and mixed thoroughly. 

An earlier effort that investigated fluid-dynamical 
issues of this kind is the work of Elavarasan et al? 
who reported extensive exploratory studies of volumet- 
rically heated jets. It was found that, with a sudden 
increase in buoyancy, there was indeed a marked change 
in flow behaviour compared to that in a neutrally buoyant 
jet. Bhat and Narasimha'* have presented a detailed 
analysis of the data from these and other experiments. 
It has however been felt that a jet, being a momen¬ 
tum-driven flow, may not be a close enough analogy 
for a cloud, which is modelled better by a plume*’. 
Plumes, like jets, have been studied extensively, and a 
reasonably good understanding of their behaviour 
exists*’-*'*'*'*. Hence the characteristics of the plume 
generated for this study in the absence of off-source 
buoyancy enhancement can be validated against data 
available in the literature. 

We consider here an idealized cloud arising from an 
axisymmetric plume as shown in Figure 1. The plume 
is generated due to a hot spot on the terrestrial surface; 
once this plume starting from the hot spot crosses the 
lifting condensation level (at which the air becomes 
saturated with respect to water vapour), it is visible as 
a cloud, but this visible cloud is only the crown of an 
invisible plume stretching all the way to the ground. 
In the experiments described here, on the other hand, 
the whole plume is visualized, i.e. both below and 
beyond the level where heat injection (corresponding to 
the level of condensation in the natural cloud) starts. 

In this paper we report a comparative study of jets 
and plumes. There is one important reason for under¬ 
taking such a study. With off-source addition of heat 



Figure 1. Idealized cloud arising from an axisymmetric plume. 
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in a jet, the question that naturally arises is whether 
the changes one observes are to be attributed to a 
possible transition from the momentum-dominated jet 
(before heating) to the buoyancy-dominated plume (after 
heating). If this were true, the structure of the jet after 
injection of (off-source) heat should resemble that of a 
plume. A direct comparison can settle whether this 
proposition is valid. Here we report such a comparison. 

In order to assess the differences between a jet and 
a plume in terms of differences in eddy structure, 
especially following buoyancy enhancement, some of 
the experiments of Elavarasan et al? have been repeated 
for a carefully selected set of flow parameters using 
the current set-up. We present here a comparison of 
instantaneous flow visualization pictures to achieve the 
above objective. 

The appropriate non-dimensional parameter governing 
the effect of heat release, as proposed by Bhat and 
Narasimha"^, relates the volumetric heat input with the 
energy flux with which the flow enters the heat injection 
zone in the plume, and is given by 


ag 

pC KUl’- 


( 2 ) 


where Q is the total volumetric heat input, and 
are the velocity half-width and centreline velocity re¬ 
spectively at the beginning of the heat injection zone, 
C is the specific heat, a is the coefficient of cubic 
expansion of the fluid and g is the acceleration due to 
gravity. In most of the experiments reported here, this 
number has been set to the value G = 0.25, which is 
typical of conditions in cumulus clouds as Table 1 
shows. The experiments therefore achieve fluid- 
dynamical similarity with the idealized cloud-plume as. 
far as buoyancy effects are concerned; Reynolds numbers 
are of course much lower in the experiments than in 
the atmosphere, but jets and plumes are known to 
become relatively insensitive to Reynolds number at 
modest values of the parameter, in particular because 
these flows are highly unstable (with critical Reynolds 
numbers of order only 1 to 10). 


Experimental set-up 


A schematic of the flow configuration and the experi¬ 
mental arrangement is shown in Figure 2. The arrange¬ 
ment for the jet has been described by Elavarasan et 
al?. The vertical axisymmetric plume is generated in 
the same water tank, of dimensions 600 mm x 600 mm 
X 1200 mm. The diameter of the nozzle from which the 
plume issues is = 4 mm. The enhancement of buoyancy 
is achieved by the volumetric heat injection method 
developed by Bhat et al?^, based on direct ohmic heating 
of a conducting liquid. The heating is achieved by 
application of a 20 kHz alternating voltage across elec¬ 
trodes, each of which is a grid of fine platinum wires. 
Heat is added over the region from 50 d to S3 d from 
the source. 

The tank is filled with filtered and de-ionized water 
to ensure a non-conducting ambient fluid. The plume 
is generated by means of an electric heater enclosed in 
a perspex heating chamber. The active fluid (de-ionized 
water made electrically conducting by means of addition 
of hydrochloric acid) is supplied to the plume heating 
chamber by means of a variable height constant level 
tank. The temperature difference between the plume and 
the ambient at nozzle exit is maintained at 55^C by 
appropriate variation of the voltage supplied to the heater 
and the height of the constant level supply tank. The 
Morton length scale for the flow, defined as 


4 

V J 




(3) 


(where is the ambient density, Ap is the difference 
between the ambient and local mean density and 
is the velocity at the nozzle exit), is about 16 mm or 
4d. From the work of Papanicolau and List^^, we may 
expect a fully developed plume beyond z — i.e. 
about 20d in the present case. 

The structural differences in the flow are examined 
by visualizing the flow using the laser-induced fluores¬ 
cence technique, with Rhodamine 6G as dye and a 


Table 1. Estimation of G for clouds and for the present flows 


Flow 

Width 
b (m) 

Centre-line 

velocity 

(tu/s) 

Ap/p X1 o' 

G 

Cumulus 

(Ludlam^^'O 

500 

3-4 

0.2-L7 

0.11-0.53 

Cumulonimbus 

(Ludlam^^') 

1200-2500 

10-25 

3.5 

0.14-0.46 

Jet/plume 

d-4mm, z/d~50 

Q = 555W 

21x10"^ 

38x10-' 

1.58 

0.25 
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300 |xm thick laser sheet from a 4 W argon ion laser. 
Still photographs were taken utilizing a Canon EOS 
1000 still camera, and a video recording with a National 
(model NV-M5EN) VHS video camera (at a recording 
speed of 25 frames per second). A detailed description 
of the instrumentation for the flow visualization technique 
can be found in Bhat and Narasimha'* and Bhat'*. We 
present here an analysis of the still photographs. 

Laser-sheet imagery 

The results for the flow visualization of the jet are 
shown here at a fixed Reynolds number and heating 
rate. The Reynolds number is 2005, based on the nozzle 
diameter and an exit velocity of 0.47 m/s. In the range 
of Reynolds numbers covered by Elavarasan et al?, it 
was seen that at Re= 1600 there were small deviations 
from the self-preserving behaviour due to low-Reynolds 
number effects, and at Re = 3200 the effect of heating 
was not appreciable due to the high flow velocities in 
the heat injection zone. Based on this experience, a 
Reynolds number of around 2000 has been selected as 
an optimum value for the present jet experiments. In 
the plume the exit velocity is 0.16 m/s, giving a plume 
Reynolds number of 670. This value was selected for 
the experiment by the criterion that the specific 
momentum flux of both jet and plume flows be of the 
same order when they enter the heating zone, so that 
the structures causing entrainment could be compared 
under similar conditions. Turner'^ has pointed out that 


the specific momentum flux may play an important role 
in entrainment dynamics. Because of the difference 
between jet and plume in decay and entrainment rates, 
the flow conditions selected provide the same momentum 
flux at entry to the heat injection zone in both plume and 
jet. It should be recalled here that, in a jet with an end 
wall in the proximity of the nozzle (as in the present 
experiments), the momentum flux does not remain constant 
but tends to decrease as we move downstream (see 
Schneider'^), whereas for a plume the momentum flux 
tends to increase due to the constant buoyancy flux. This 
was checked to be true in the present experiments by 
integration of LDV-measured velocity profiles. 

In the following sections, the observations from the 
flow visualizations are presented. 

Vertical cross-sections 

Figure 3 a shows instantaneous vertical sections of the 
unheated and heated jet from the experiments reported 
in Bhat and Narasimha^ at a volumetric heat injection rate 
of Q = 700W which corresponds to G = 1.6 - consider¬ 
ably higher than the value chosen here for the plume 

~ 0.25), for reasons which will become apparent in 
the following section. The thin dark lines in the horizontal 
direction are the shadows of the wire frames (situated 
outside the flow) that support the electrode wire grids 
across which heating is applied. It is seen that the grids 
have no noticeable effect on the structure of the flow. 
The brighter regions contain the jet fluid, while the 
darker regions correspond to the ambient. Some dark 


constant-level 

tank 
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Figure 2. Schematic of experimental arrangement. 
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patches are seen even in the vicinity of the jet axis, 
implying the presence of essentially unmixed ambient 
fluid there. This ambient fluid is engulfed into the main 
flow by large coherent vortices present in the jet. 
Previous investigations, by Brown and Roshko^” on free 
shear layers and later by Dahm and Dimotakis^’ and 
Papantoniou and List^^ in jets, have shown that the 
existence of large scale organization of the flow in the 
form of vortical structures with significant coherence is 
a characteristic feature of turbulent shear flows. These 
structures, clearly seen in the figure and consistent with 
those reported by Dahm and Dimotakis^\ bring in the 
ambient fluid and are thus basically responsible for 
turbulent entrainment. Detailed correlation measurements 
using hot wires by Tso and Hussain^^ also show the 
presence of structures of several types in a jet, including 
toroidal and helical vortices. 

It can be clearly seen from Figure 3 a that the width 
of the jet increases almost linearly with downstream 
distance, and the large scale structures grow proportion¬ 
ately in size. These observations are in agreement with 
previous work. It is further seen that the structure of 
the preheating zone in the heated case (Figure 3 b) is 
similar in nature to that in the unheated case. In zone 
II (the heat injection zone, see Figure 2), however, the 
eddies are not as sharply defined, and the horizontal 
extent of the eddies has diminished and lateral growth 
is inhibited. The region near the jet axis also shows 
greater uniformity in dye concentration, consistent with 
lower engulfment and hence less dilution. It has been 



Figure 3. Vertical cross-sections of the {a} unheated and {b) heated 
jet at G= 1.6. 


proposed"^ that the changes seen are an indication of 
disruption of the eddy structure in the heat injection 
zone, and that such disruption is responsible for lower 
entrainment. It is also seen from the figure that imme¬ 
diately after the heat injection zone, instabilities begin 
to reappear in the outer region of the jet and gradually 
extend to the axis. This behaviour is similar to that 
observed in the zone of flow establishment where 
instability of the shear layer leads to the generation and 
growth of large scale vortical structures as reported by 
HirsF"^ and Liepmann and Gharib^^. The extent of this 
zone of flow establishment in the post-heating zone is 
seen to be about two to three times the jet width at 
the top of the heat injection zone. 

Figure 4 a,b shows instantaneous vertical sections 
respectively of the unheated plume and the heated plume 
at (2 = 555W (G = 0.25). It is seen that (Figure 4 a), as 
in the jet, the width of the plume increases almost 
linearly with downstream distance in the absence of 
heat injection, and that the large scale structures grow 
proportionately in size, as expected. With heat injection 
(Figure 4 b), the flow in and up to the end of zone I 
(indicated by the first dark horizontal line) remains 
unaffected; however on the introduction of volumetric 
heat the large eddies are disrupted and the linear growth 
of the plume is arrested. No ambient fluid is any longer 
seen in the central region of the plume. 

Figure 5, which shows a close-up view of the unheated 
plume, highlights the visual differences seen between 



Figure 4. Vertical cross-sections of the (a) unheated and (b) heated 
plume at G^O.25. 
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the plume and the jet. It can be seen right away that 
the structures in the unheated plume seem to be more 
‘complex’ compared to those in the unheated jet of 
Figure 3 a. The eddies seen near the edges of the plume 
seem to be coiled, spring-like structures. The structures 
seen in the vertical cross-sections of the jet appear to 
be much less elongated in shape. 

Figure 6 shows a plume with volumetric heating. The 
flow up to the beginning of the heat injection zone is 
unaffected and shows an interesting feature in the more 
highly intermittent flow in the plume compared to a 
jet: although the flow at the exit is steady, there is a 
striking ‘hole’ in the picture, showing that one can 
move in a continous line all across the flow without 
encountering any plume fluid! (We should remind our¬ 
selves that the picture is a two-dimensional section, so 
what we are observing is most likely a hole through 
the plume and not necessarily a complete rupture of the 
plume into two disjoint parts.) An examination of the 
lower part of the figure also shows (like Figure 5) that, 
compared to the unheated jet (Figure 3 d), much more 
entrained ambient fluid is carried across to the centreline, 
of the plume, i.e. ambient fluid appears to penetrate deeper 
into the flow. An examination of the videos showed this 
to occur more often in a plume than in a jet, demonstrating 
the greater entraining power of the former. 

Figure 1 a, b shows vertical cross-sections of the un¬ 
heated and heated plume, both averaged over 40 frames. 
(This averaging is carried out over digitized images of 
the flow from the video; a false-colour image is then 
obtained by assigning colour values to each pixel in 
the image depending on the dye concentration in the 
pixel, as shown by the colour bar in the figure.) The 
shrinking of the yellow region shows clearly the sup¬ 
pression of plume growth on heat addition: the nearly 
uniform dye concentration in the central region of the 
heated plume (shown by the deep blue core in Figure 
7 b), indicates the absence of the dilution that takes 
place in the unheated plume because of entrainment, 
and the consequent well-mixed nature of the core. Para¬ 
doxical as it may sound, the lower engulfment with 
heat addition goes with a more well-mixed state in the 
core, precisely because there is less dilution; this 
observation shows that one has to be extremely careful 
about repeating the kind of common pronouncement that 
identifies ‘entrainment’ and ‘mixing’. 

Pictures of the mean flow in the jet have already 
been presented by Bhat et al}\ and so will not be 
repeated here. In general the effect in both jet and 
plume flows is similar, but the absence of diluting 
entrainment is more dramatic in Figure 7. 

Horizontal cross-sections 

Figure 8 a-c shows horizontal cross-sections of the jet 
602 


at a height above nozzle exit of 317.5 mm (z/d = 79,4, 
just before the completion of heat addition) with volu¬ 
metric heat injection rates of Q = 0 W (G = 0), 
2 = 700 W (G = 1.6, from the experiments of Bhat and 
Narasimha) and 2 = 555W (G = 0.25) respectively. 
Figure 8 d shows .the section at 30 mm beyond the heat 
injection zone iz/d = Z6.9). (It should be noted that the 
differing intensities in these pictures have no significance 
and reflect natural variations in experimental procedure 
as they were taken during different experimental runs 
and sometimes with a green colour filter instead of a 
yellow filter.) 

Figure 8 <2 indicates that the instantaneous structure 
of the jet is far from being axisymmetric and a number 
of eddies extend into the ambient fluid. These tongue-like 
eddies engulf the ambient fluid and bring them into the 
main flow. In Figure 8 b, the structure of the jet is not 
as clear as in the unheated jet; some eddies can be 
seen at the edges but they do not extend as far out 
radially as in the case of the unheated jet. Furthermore, 
the edges appear diffuse and the boundaries less sharp. 
The changes are indeed striking when compared with 
the unheated case (Figure 8 a); the large structures appear 
to have completely vanished and the jet has shrunk 
appreciably with heat injection. There is hardly a trace 
of the ambient fluid inside the jet. From Figure 8 c, 
which shows the jet at G = 0.25 (the same value as for 
the plume), it is seen that the degree of disorganization 
is far less than seen in the jet at G=1.6-a point we 
shall return to later after examining the plume at the 
corresponding height and G. Beyond the heat injection 
zone (Figure 8 d) an incipient re-emergence of eddy 
structure is seen and the jet boundary seems sharper. 

It is interesting to compare the above features with 
Figure 9a,b, which shows diametral sections of the 
plume without and with heat injection (2 = 555W, 
G = 0.25) respectively. The sections are taken at the 
same height as for the jet (z/d=19A). From Figure 
9 a it is seen that here too, as in the jet, the plume is 
far from being instantaneously axisymmetric and a number 
of eddies extend into the ambient fluid, engulfing it into 
the main flow. However the number and distribution of 
these eddies are very different (cf. Figure 8 a), suggesting 
that the plume has a much richer structure than a jet. 

Figure 9 b shows the horizontal cross-section of the 
heated plume at the same location as Figure 9 a. The 
edges are no longer sharply defined, and there is a 
more nearly homogeneous structure with well-mixed dye 
(plume fluid) in the core near the axis. The tongues of 
plume fluid no longer extend into the ambient as in 
Figure 9 a, and little ambient fluid is seen in the core 
of the plume. All these features are consistent with 
those seen in the vertical sections of Figure 7. 

It is illuminating to compare the plume section seen 
in Figure 9 b with the horizontal cross-section of the 
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Figure 7. Average pictures of vertical cross-sections of the {a) unheated and (b) heated plume. 
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jet at the same location with C^TOO'W, shown in 
Figure 8 b. Revisiting Figures 5b,c and 6 fe, it is seen that 
the disorganization achieved already at G = 0.25 in the 
plume is similar to that reached only at G = 1.6 in the 
jet. The jet at G — 0.25, as pointed out earlier, still 
shows traces of ambient fluid at the centre, and its 
edges do not appear as diffuse as those of the plume 
at G = 0.25. 

These visualizations of the flow demonstrate that, at 
nearly the same Reynolds numbers, a far higher level 
of disorganization is achieved in the plume at a much 
lower heating than is required in a jet. Thus, the effect 
on entrainment due to heat release may be expected to 


be even stronger in a plume than what has been earlier 
observed in a jet. 

Finally, comparing the flow in the jet after heat 
addition (i.e. in the post-heating zone) (Figure 8 d) with 
that in a plume before heat addition (Figure 9 a), we 
can see that the effect of volumetric heat addition of 
the kind implemented here cannot be looked upon as 
just a transition from jet to plume. For the parameters 
governing the present experiment, the structural changes 
observed are far stronger than would be consistent with 
such a transition, which (if occurring at all) must be 
presumed to lie much farther downstream than the region 
covered in the experiment. 



Figure 8. 
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Diametral sections of the jet {a) C = 0, {b) G= 1.6, (c) 


C'-0.25 at z/d^l9A\ {d) 30 mm beyond heat injection zone, zA/ = 86.9. 
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Conclusions 

The studies reported here lead to the following conclusions. 

The horizontal cross-sections at different streamwise 
locations show that the eddy structure of the flow is 
qualitatively similar in both jets and plumes, but the 
number and distribution of such structures is very dif¬ 
ferent, suggesting that the plume has a richer structure. 

The structure and dynamics of an axisymmetric plume 
are considerably altered when the buoyancy is enhanced 
locally by volumetric heating. This change is similar to 
that seen in the jet but is much stronger, i.e. comparable 
changes occur at much lower values of heat injection. 
The volumetric heating is seen to arrest the spread of 
the plume and causes considerable disruption of the 
large eddies in the flow. 

From a comparison of the horizontal cross-section of 
the heated jet after zone II with that of the unheated 
plume at the same location, it is found that the 
re-emerging eddy structures in the heated jet differ from 
those in the plume, suggesting that what is observed in 
the heated jet is not a mere transition to a plume. 

The large vortical structures present in the unheated 
jet or plume (thought to be responsible for engulfment 
of ambient fluid into the flow) having been disrupted 
by the heating, the flow appears diffuse in the heat 
injection zone. Again, from the present flow visualization 
studies, the disruption for the same value of heating 
appears to be far greater for plumes than for jets. 

It is clear from the above conclusions that the volu¬ 
metric heating is doing more than merely enhance the 
buoyancy for the jet or the plume. If the entrainment 
process were to be divided into three stages, namely 
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(i) engulfment - during which the ambient fluid is 
inducted into the flow, (ii) mingling ~ when the engulfed 
fluid is stirred into the active fluid, and (hi) mix¬ 
ing-where the mingled fluid mixes at the diffusion 
scales by molecular interaction, the volumetric heating 
can be said to be arresting the first stage, namely 
engulfment; once this has happened, it is the fluid that 
was engulfed upstream (i.e. before heat injection) that 
is stirred and mixed, and in the absence of dilution 
from the ambient fluid the heated flow appears more 
nearly uniformly ‘mixed’ than the unheated flow. This 
is borne out by visualizations of both horizontal and 
vertical sections of the plume. 

From the striking effects observed in the plume ex¬ 
periments here, it is clear that the flow in clouds (and 
the entrainment thereto) will be strongly influenced by 
the heat release that occurs on condensation and freezing: 
thus, such heat release has not only thermodynamic but 
important fluid-dynamical consequences as well. 
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Possible impact of tidal frequencies on the predictability 
of the earth’s axial rotation 

R. K. Tiwari* and K. N. N. Rao 

Theoretical Geophysics Group, National Geophysical Research Institute, Hyderabad 500 007, India 


Short-term fluctuations in earth axial rotation, which is 
proxy for fluctuations in length of day (LOD), represent 
composite response of terrestrial coupling of ocean and 
atmospheric dynamics and extra-terrestrial torque (sun- 
moon system) of tidal reverberations. We examine here 
the possible influence of tidal frequencies (periodic signal) 
on the predictability of LOD changes using the techniques 
from the recent development in nonlinear dynamical 
system theory. The second-order Kolmogorov entropy 
(itj) measures the rate of loss of information in dissipative 
dynamical system and defines a lower bound of the 
entropy. We present here a comparative study of Kol¬ 
mogorov entropy {KJ of original and filtered (tidal) LOD 
time^ series data. Our analyses indicate a contrasting 
sensitivity in values which correspond to predictive 
time limit of about 6—8 and 12—13 days for original and 
tidally removed (filtered) LOD data respectively. This 
difference of about 40-50% in coherent K structures 
(predictive time limit) of filtered and original LOD data 
possibly indicates that presence of tidal signal in LOD 
time series enhances the degree of chaoticity and thereby 
limits the predictive time. It may be suggested that 
nonlinear resonances created by the earth’s seasonal cycle 
and various other frequencies taking place due to 
thermodynamical property of the atmosphere-ocean sys¬ 
tem possibly turned the underlying dynamics to chaotic 
route. The understanding of these physical interactions 
may create physical premises for theoretical modelling 
of coupled ocean-atmospheric LOD dynamics and 
thereby allowing causally related prediction of underlying 
dynamics. 


The planet earth continuously changes its orientation in 
space under the influence of internally generated torque 


•^For correspondence, (e-mail: postmast@csngri.ren,nic.in) 
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at the core-mantle boundary and also due to the gravi¬ 
tational attraction of earth-moon system. The angular 
rotational speed of the earth (earth’s axial rotation), 
therefore, fluctuates and is reflected in fluctuations in 
length of day (LOD). Fluctuations in LOD are, therefore, 
proxy for earth axial rotation. The LOD signal exhibits 
minute but complicated changes corresponding to vari¬ 
ations of several milli-seconds in LOD (Figure 1). These 
changes are caused due to the effect of a wide variety 
of geophysical (e.g. oceanic-atmospheric) phenomena 
and astronomical disturbances. Fluctuations in LOD, 
therefore, exhibit a composite response of coupled earth- 
ocean-atmosphere and astronomical system (e.g. deter¬ 
ministic tidal signals, stochastic weather pattern and 
seasonal terms, etc.). Recent nonlinear 
analyWs of LOD time series have indicated possible 
evidence of low dimensional strange attractors (chaos)^’l 
The other fundamental properties of chaos include high 
sensitivity to the initial conditions which lead to 
exponential growth of disturbances in attractor regions, 
finite and non-zero (AT^) entropy, broad-band spectral 
characteristics, complex phase-space trajectories, etc.^. 

Prediction of a physical phenomenon is an interesting 
curiosity and ultimate goal of science. An appropriate 
analysis of various properties of chaotic attractor renders 
a way of precise forecast of the state of the dynamical 
system. In order to make a precise statement or quantify 
predictive time limit it is essential to examine the effect 
of noise and signal in composite chaotic time signal. 
Recently, some studies have shown that filtering of 
noisy and stochastic signals from chaotic time series 
possibly affects the determination of nonlinear parameters 
(e.g. attractor dimension estimates and Lyapunov expo¬ 
nent). It has been noted that small scale noise shows 
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up as nonconvergent picture and may change the effective 
attractor dimension. Brandstater and Swinney'^ suggested 
that low pass filtered data may lead to reducing the 
number of degrees of freedom. Filtering may dramatically 
distort/alter, in certain cases, the shape of the recon¬ 
structed attractor and scramble phase also. But basic 
characteristics of the divergent nature of attractor remain 
intact^ However, several other studies found difficulties 
in drawing any definite conclusion^'^^ We do not know, 
however, what happens to those physical processes which 
are strongly dominated by periodic extraterrestrial tidal 
signals. One such example is coupled LOD system where 
the resultant tidal effect is quite dominant even for 
slight changes in the earth’s ellipticity. Consequently, 
the earth rotation changes and conserves its angular 
momentum. This is an important question from the 
predictability point of view of the physical system 
because LOD time series is a coupled nonlinear 
dynamical system dominated by a number of periodic 
tidal signals. Here we examine the effect of periodic 
tidal signal on the behaviour of second-order entropy 
(^^ 2 ) which is a measure of predictive time limit. We 
accomplish this task by comparing the second-order 
entropy of original LOD data and after filtering periodic 
tidal terms from LOD time series. It should be noted 
here that the purpose of this study is to examine the 
sensitivity of the periodic tidal frequencies on the 
value of chaotic LOD time series but not exactly to 
evaluate actual forecast. 

LOD data 

The best interpretable LOD time series available here 
comprises 10,580 daily variation data values spanning 
a period of 1962-1992. The LOD data set is the time 
derivative of UT~AT, where UT is universal time and 
AT is atomic reference time (86,400 sec). The original 
(UT-AT) data were obtained from the Bureau Interna¬ 
tional de I’Heure (BIH) (M. Feissel pers. commun.). 
Figure 1 shows a portion of quasi-periodic and stochastic 
time series drawn from the original LOD data set. The 



Figure 1. A representative view of LOD time series, 
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complex quasi-periodic LOD variations, displayed in 
Figure 1, can be classified into three spectral bands: (i) 
The longer period components of secular changes which 
are produced by tidal friction (sun-moon system) and 
from the internal sources such as changes in moment 
of inertia of solid earth, (ii) irregular ‘decadal variations’ 
(up to several milliseconds/century in the LOD) are 
caused possibly due to angular momentum transfer 
between the earth’s solid mantle and fluid core, and 
(iii) the unpredictable and most rapid ‘nontidaT variations 
on time scales ranging from days up to a few years. 
These are largely of atmospheric origin (up to about 
1 ms in amplitude). 

Analysis of second-order Kolmogorov entropy 

The concept of entropy essentially provides distinction 
between the random and deterministic systems. The 
greater entropy is often associated with more randomness 
and less system order. The Kolmogorov entropy 
allows one to classify deterministic systems by rates of 
information generation. Entropy has also been shown to 
be a parameter that characterizes chaotic behaviour’ 
The quantification of entropy may therefore have two 
important implications: (i) a finite entropy suggests that 
the data representing the underlying dynamics do not 
represent random system but rather chaotic one, and (ii) 
it renders a chai*acteristic time scale of the system 
dynamics which can be used as a time limit for its 
predictability. 

For a dissipative physical system like LOD, which is 
characterized by a low-dimensional strange attractor, an 
accurate forecast is possible only for a certain time 
interval. This time interval limit can be estimated from 
observed LOD time series say X{t^, following the method 
of Kolmogorov entropy {K^ analysis. The Kolmogorov 
entropy {K^ is a measure of the rate at which information 
about the state of dynamical system is lost in the course 
of time which provides the characteristic measure of 
chaotic motion. 

There has been keen interest in the development of 
nonlinear algorithm in the last ten years. Several work¬ 
ers'^*” have provided the method of entropy analysis 
and discussed the theoretical and practical aspects of 
realization of this method. Prior to calculating entropy, 
it is essential to calculate estimates of the correlation 
integral’”. Following Takens’^ we construct an m- 
component ‘state’ vector Z., (m = 1,2, 3 ...) from a time 
series [jc(f)] as: 

x,=[z,(/,),.X2(r,), ... 

where (r.)=Z [(?. + (/:“- 1))t], and r is an appropriate 
time delay (of the order of characteristic physical time 
scales). The distribution of state vectors in the recon- 
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structed phase space is directly related to the dimension. 
A suitable distribution-dependent quantity can be defined 
to examine its scaling with distance in phase space. 
The correlation integral (Grassberger and Procaccia") 
for N vectors distributed in an m-dimensional space may 
be given as follows; 


, (r) = lim 

N-^a 






j=l 


where 6 is Heaviside step function = 0 if x<0, and 
= 1 if x>0, and r is the distance between point pairs 
in phase space and the distances are taken in terms of 
Euclidean norm. The distance distribution function will 
obey a power-law scaling for small r values if the 
number of data points is large enough. This power-law 
relation for the attractor dimension d is given by 


ti = ]im 

r-»() 


iQg jr) 
logr ’ 


where d is the correlation dimension and C ^ (r) is 
correlation coefficient. Our earlier analyses have”shown 
evidence of low-dimensional strange attractor in LOD 
system with a possible dimension of 5-6 (refs 1, 2), 
This dynamical quantity (K^) is an approximation to 
the Kolmogorov-Sinai invariant entropy (A;), The Kolo- 
mogorov entropy is defined as'"^ 


= lim 


1 



Frequency 


where r is sampling rate. This entropy has the 
property that is zero for an ordered system, and is 
infinite in a random system. is a finite constant >0 
for chaotic dynamics. An efficient method is proposed 
to compute this quantity by Grassberger and Procaccia^’^^ 
In fact it is noted that finite and convergent value 
and strange attractor dimension have been taken almost 
as proof for the presence of low-dimension chaos in 
the dynamics of system with irregular behaviour. 

Results 

Filtering and spectral comparison 


Fourier spectra of LOD data show broad-banded and 
noisy (Figure 2 a) spectral patterns. There are evidences 
of several tidal components with dominant spikes clus¬ 
tered around 27, 13, 9, 7 days, etc., and nonrandom 
seasonal components at 372 and 182 days. The common 
practice to achieve our goal is to properly filter out 
these periodic tidal signals from the data series and 
then study the coupled nonlinear dynamics. Accordingly, 
all dominant periodic tidal signals are eliminated by 
using the method of Delache and Scherrer'^ This is 
carried out by using the fast Fourier transform (FFT) 
method for 2*^ data series. After obtaining FFT of the 
detrended original LOD time series, the Fourier coeffi¬ 
cients of the dominant periodic are successively set to 
zero and inverse transform is taken. Thus the resulting 
time series is deprived of all periodic components. Figure 
2a,b shows the comparison of filtered and original 
LOD power spectra. Figure 2 b also shows filtered 
spectra which is clearly broad-banded and noisy but 
deprived of periodic signal. 

Comparison of phase-space trajectories 

Figure 3 gives the comparison of original and filtered 
trajectories of LOD signal in a two-dimensional phase 
space. Comparison of trajectories of original (left panel) 
and filtered (right panel) LOD data on (A, dX/dT) phase 
plane obviously exhibits intrinsic changes in the shape 
of the phase diagram. It is interesting to note, however, 
that the basic chaotic characteristics of attractor seems 
to be retained. It is remarkable to note that filter of 
noise or periodic signal from the chaotic time series 
does not significantly alter the inherent chaotic feature. 
However, these kinds of operations have considerable 
influence on predictive time limit. 

Comparison of second-order Kolmogorov entropy 


F^re 2. Gompai'ison of power spectra of (a) original and (/;) fijitM etl 
LOD time senes. 

60,8 


Using the two sets of filtered and original data, we 
calculated the second-order entropy following the 
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Figure 3. Comparison of phase space trajectories of original (left panel) and filtered (right panel) 
LOD time series in {X, 6XIAt) phase plane. 




Figure 4. entropy of {a) original and {b) filtered LOD time series. 

method discussed in the previous section. Figure 
Aa,b shows the dependence of correlation entropy 
on the embedding dimension for both original LOD data 
and filtered time series respectively. Obviously, the value 
of for different values of distance r is seen to 
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decrease with increase of embedding dimension and tend 
to be saturated for higher embedding dimensions. 
Obviously, Figure A-a,b shows that the entropy is finite 
and positive {K^ > 0), thus providing a strong evidence 
for the chaoticity of LOD time series. The saturated 
value of for original LOD time series is 0.17 ±0.02 
corresponding to a predictive time limit of about 7-8 
days. The saturated value of for filtered LOD data 
gives value of 0.095 ±0.01 corresponding to 12-13 days. 
The study indicates that prediction of the state of chaos 
in the LOD time series is affected by the presence of 
periodic tidal frequencies, which are considerably larger 
up to 40-50%. These reports have implications on the 
accurate LOD forecast. 

Physical interactions of LOD-ocean- 
atmospheric dynamics 

The coupled ocean-atmospheric dynamics can be 
modelled as low dimensional order chaotic processes 
These workers have also suggested that nonlinear inter¬ 
actions between seasonal cycles and inter-annual vari¬ 
ations in coupled ocean atmospheric system can be a 
probable cause of irregularities/chaos in the El Nino/ 
Southern oscillations (ENSO). Recent studies have also 
demonstrated that earth’s rotational dynamics can be 
viewed as a low dimensional chaotic dynamical system' 

It is known that ocean atmospheric circulations and 
earth’s rotational dynamics are intimately linked phe¬ 
nomena. The major source of nonlinearity clearly arises 
from the response of the atmospheric to thermal forcing 
and from thermodynamic interactions between the 
atmosphere ocean and earth’s dynamical state. The broad¬ 
band nature of LOD spectrum and clustering and splitting 
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of spectral peaks apparently visible/submerged into back¬ 
ground noise are some of the probable signatures/ 
characteristics of the inherent nonlinearity and chaos in 
the system dynamics. The nonlinear interaction of various 
frequencies taking place affects the LOD and atmospheric 
dynamics. In particular, it may be suggested that the 
nonlinear resonances created by the seasonal cycle and 
inter- and intra-annual fluctuations due to thermodynamic 
property of the atmosphere ocean system (possibly 
through a series of frequency locking and overlapping 
of the resonances) may have eventually turned the system 
dynamics to chaotic route. The understanding of these 
physical interactions and a particular route of chaos may 
possibly allow causally related prediction to be made 
for underlying dynamical system. This is one of the 
several possible conjectures regarding the predictability 
of coupled earth—ocean—atmospheric dynamics. 

Conclusions 

The analysis of entropy of filtered and original LOD 
data reveals contrasting estimates. The predictive value 
for original signal is 6-8 days. Filtering the LOD data 
for tidal signal, however, increases the predictive limit 
up to 10-13 days. This obviously indicates that the 
presence of tidal frequencies in chaotic LOD time series 
considerably affects the predictability by increasing the 
complexities and chaoticity in underlying dynamics. 

The presence of coherent time structures in chaotic 
LOD time series creates the physical premises for theo¬ 
retically modelling coupled LOD system dynamics. 
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Wear in composites: An in vitro 
study on dental composite fillers 

V. Kalliyana Krishnan*’^ and Lawrence H. Mair* 

^Department of Clinical Engineering, University of Liverpool. 
Liverpool L69 3BX, UK 

^Present address: BMT Wing, Sree Chitra Tirunal Institute for Medical 
Sciences and Technology, Thiruvananthapuram 695 012, India 

Two-body and three-body wear of four light-cured 
dental composites have been studied in vitro and their 
results compared. Two-body wear is found to be 
higher for Profile TLC and P-30 containing filler 
particles of conventional size (<50p,m), whereas 
microfilled Heliomolar tends to show a high rate of 
wear during three-body abrasion. Chitra composite 
containing hybrid filler particles is found to possess 
wear characteristics comparable to imported controls. 

The phenomenon of wear is one of the most important 
parameters affecting the clinical performance of dental 
composites'"^. However, there is a tremendous amount 
of confusion in the dental literature concerning the 
processes of wear. It is often considered as a single 
process although it involves several mechanisms, all of 
which may be active in the mouth''. For a simple 
understanding, wear can be divided into two-body and 
three-body wear. In the mouth, two-body wear results 
from direct contact between the teeth while with three- 
body wear, there is an intervening abrasive slurry. The 
latter is formed mainly by abrasive particles in the 
masticatory slurry. The main difference in manifestation 
is that two-body wear is confined to sites of direct 
contact between the surfaces whereas slurry wear occurs 
across the entire surface^. On restorations, two-body 
wear may appear as isolated wear scars whereas three- 
body wear causes the restoration surface to ‘submerge’ 
into the cavity, leaving enamel exposed at the margin^. 

As the two processes have different causal factors, it 
is important that they are studied separately^. Here we 
study the two types of wear in three commercially 
available composites and one which has been developed 
in India. Although in vitro studies need not necessarily 
predict clinical performance, they are useful to determine 
the effect of mechanisms which will be encountered in 
the mouth''. 

Four light-curing dental composites were used in the 
study (Table 1). It is important to note that the material 
Heliomolar is a microfilled composite composed of 
colloidal silica fillers (dia 0.04 |im) incorporated as 
pre-polymerized particles^ The Chitra material is a hybrid 
material having a small portion of colloidal silica dis¬ 
persed between larger quartz fillers. Samples of the 
composites were fabricated by packing the material into 

Tor correspondence, (e-mail: bmtwing@md2.vsnl.net.in) 


molds and photoinitiating in 2 mm increments to ensure 
adequate conversion. 

The two-body wear of the four composites was studied 
using a twelve station reciprocating sliding pin wear 
machine developed at the University of Liverpool. At 
each wear station, the composite specimen was moved 
7 mm in one direction rubbing against a ceramic ball 
counterface. This was attached to a hinged arm carrying 
weights which applied the load onto the specimen 
(through the ceramic ball). After sliding in one direction, 
the arm was lifted so that no load was applied as the 
specimen moved back to the cycle start position. The 
light-cured composite samples were 10 mm in 
length X 5 mm width x 2.5 mm depth. At least six speci¬ 
mens of each material were exposed to 500,000 cycles 
taking measurements at regular intervals. The total load 
on the counterface was 200 g. 

Three-body wear was studied using a slurry wear 
tester. The abrasive was alumina (1 |Lim) suspended in 
water and dispersed on a felt platen. This rotated in 
contact with six wear stations which had the composite 
specimens glued onto weighed rods. At regular intervals, 
the rods were removed and the loss of height of the 
specimens measured with a comparator. The cylindrical 
specimens were 7 mm diax 1.5 mm height and a mini¬ 
mum of six samples of each material was tested. Prior 
to testing, the resin-rich layer was removed from the wear 
surface with silica carbide abrasive paper. Measurements 
were made at 1 min intervals up to 10 min and then at 
5 min intervals to 30 min. The load on each rod was 
150 g. 

Statistical calculations were carried out using both 
two-body and three-body wear values obtained after 
500,000 cycles and 30 min of operation respectively 
using Student’s t test (Table 2). 

Figures 1 and 2 show the two-body and three-body 
wear respectively for the dental composites. The initial 
rapid wear for the two-body wear can be explained 
because the resin-rich layer had not been removed prior 
to testing. This layer wears very rapidly because of its 
low filler content. There was steady state wear in the 
three-body study because the resin-rich layer was 
removed prior to testing. The minor fluctuations in the 
two-body wear curves were caused by daily variations 
in the transducer readings which were sensitive to the 
ambient temperature (higher readings were noted when 
the room temperature was high). 

For two-body wear, Profile TLC and P-30 had a 
greater rate of increase than Heliomolar and Chitra. The 
low value for Heliomolar can be explained because, as 
a microfilled material, it maintains a low coefficient of 
friction which reduces this type of wear''. The low wear 
of the Chitra material may result from its relatively 
hard quartz filler particles compared to the softer glass 
fillers in P-30 and Profile TLC. At one time, it was 
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ferromagnesian-rich to ferromagnesian-poor, can be dis¬ 
tinguished. On the basis of field relations, colour, texture 
and mineralogy three main phases have been identified. 

Biotite-rich granite (BRG) is the dominant phase, 
which shows sharp discordant contacts with the gneiss 
and is a mesocratic, coarse to fine-grained, equigranular 
biotite-rich granite. Intercalations of BRG and horn- 
blende-biotite gneiss as well as enclaves of gneiss and 
amphibolite of different shapes like angular, ellipsoidal, 
flattened and polygonal, ranging in size from 9 mm to 
as much as 1.5 m across, are present in the contact 
zone. Concentration of these enclaves and surmicaceous 
schlieren near the margin indicates the magmatic origin 
of granite. Quartz (24.65%), K-feldspar (42.84%), pla- 
gioclase (23.92%) and biotite (7.01%) are the major 
constituents, while zircon, sphene, apatite and magnetite 


form the accessories. Among feldspars, K-feldspar is 
dominant-particularly microcline. Perthite inter-mowth 
IS common in microcline, the textural variations" being 
spindle, string and flame types. Perthites, when in contact 
with plagioclase, develop a rim of albite possibly derived 
by exsolution from a monoclinic potash-soda feldspar 
as a consequence of the accompanying submagmatic 
inversion to non-perthitic triclinic microcline^ Two 
varieties of biotite-one pleochroic from shining pale 
green to dark green and the other from colourless to 
yellowish brown-occur as flakes and wisps. Per¬ 
thite + green biotite assemblage is characteristic of A-type 
granites, while the two feldspai’s (perthite and plagio¬ 
clase) + biotite + hornblende are common in post-orogenic 
granites^. 

Biotite-poor granite (BPG) consists of veins and bands 
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Figure 2. Marker variation diagram for Kalpatta granite. 
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Figure 3. Na,0 vs K^O diagram. 



O/sSi + K ) - (Ca + Mg) 


Figure 4. Ba/Rb vs (1/3 Si + K)-(Ca + Mg) variation diagram. 



(1/3 Si + K)~- (Ca + Mg) 


• BIOTITE-RICH GRANITE; 
(42 Plots) 


Figure 5. Ba/Sr vs (1/3 Si + KHCa+Mg) variation diagram. 
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(10 cm -150 cm wide) of the leucocratic biotite-poor vari¬ 
ant, seen in BRG and adjoining gneiss, have sharp 
discordant contacts. BPG is medium to fine-grained, 
generally equigranular and mineralogically similar to 
BRG except for low content of biotite. Biotite, the 
brown variety, is seen as disseminated specks. Both the 
granites fall in the syenogranite-monzogranite field in 
the Q-A-P diagram. 

Pink feldspar pegmatite and aplite is the youngest 
phase consisting of narrow pegmatite and aplite dykes 
( 1 cm to 20 cm wide), cutting across both BRG and 
BPG. The dykes chiefly comprise quartz and feldspar, 
the grain size varying from coarse to fine. Fluorite, 
molybdenite, pyrite and chalcopyrite mineralization is 
associated with this phased 

The results of chemical analysis of 55 representative 
samples from different parts of the pluton are presented 
in Table 1. Major elements were determined following 
the methods of VogeF and MaxwelT‘^ and trace elements 
in ICP-MS. 

The variants of the granite, in general, show geo¬ 
chemical similarity. However, BRG contains more Na20, 
CaO, MgO, Fe^Og, Ti02 and P2O5, while BPG has more 
SiO^, and AI2O3. The typical major element characters 
of the granite are moderate to high silica, fairly high 
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Figure 6. Zr-f Nb + Ce-f-Y vs FeO^/MgO diagram*^ 
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K2O and Na^O, low MgO and CaO. The alkali content other oxides remain more or less constant or show weak 
is comparable to that of the other granites of Kerala positive trends (Figure 2 ). K ,0 and Na-O values are 


and elsewhere^*. Low CaO is as in calc-alkali granites^“. 
In Marker’s variation diagram AI2O3, CaO, MgO, Fe203, 
Ti02 and P2O5 define linear negative trends while the 
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Zr+Nb+Ce+r 

Figure 7. Zr + Nb + Ce + Y vs fK^O + Na,0)/Ca0 diagram‘‘\ 


higher than those suggested for granites^^. A higher 
K-feldspar content, compared to plagioclase, is indicative 
of enrichment of K2O over Na20 and depletion of CaO 
with increase in silica. The higher content of Na -,0 in 
BRG and K2O in BPG, can be accounted by perthitization 
of K-feldspar and later metasomatism, respectively. 
Moderate to high content of AI2O3 has resulted in 
normative corundum in some cases, especially in BPG, 
indicating that alumina is in excess of calcium and 
alkalies. The alumina saturation index of Shand, using 
molar A/CNK values, which range between 0.89 and 
1.12 (av. 0 . 98 ) for BRG and 0.97 and 1.10 (av. 1 , 06 ) 
for BPG, points to a weak peraluminous nature. 

The Na20 vs K2O diagram*"^ (Figure 3 ) and CaO- 
NajO-KjO diagram show granodiorite to adamellite com¬ 
position of Kalpatta granite. In the AFM diagram, granite 
plots are in the calc-alkaline field, while they plot in 
the granite field in the An-Ab-Or normative diagram. 
Though I-type granites'^ have A/CNK values less than 
unity, many are slightly peraluminous due to higher 
AI2O3 content. The low CaO, MgO, Ti02 and high 
FeO'MgO values of Kalpatta granite are similar to most 
A-type granitesSilica-rich composition (generally 
>68% Si02) is characteristic of many alkaline granite 
suitesThe alkali content and Na^O/K^O ratio of the 
two variants of Kalpatta granite are as in A-type 
granites^‘'^’^\ 

Trace elements like Cu, Zn, Cr, Co and Ni show 
inverse relationship with Si02, whereas Pb, Th and U 
values increase with higher Si02 content in Kalpatta 
granite. The trace element content and distribution pattern 
are consistent with the empirical laws of fractionation. 



Y ppm 

• BIOTITE-RICH GRANITE (42 Plots) 

+ BIOTITE-POOR GRANITE (13 Plots) 

Figure 8. Y vs Nb plots of Kalpatta granite. 
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Trace element content of Kalpatta granite is similar to 
that of A-type granites’^ Ba is high (389 to 1080 ppm) 
while Sr is comparatively low (80.21 to 198.99 ppm). 
Rb in the granite variants ranges from 60.45 to 136.15 
ppm, giving a high K/Rb ratio (586 for BRG and 664, 
for BPG), which is characteristic of magmatic process^^. 
The inverse relationship of Ba/Rb and Ba/Sr with (1/3 
Si + K)~(Ca 4* Mg) is indicative of fractionation (Figures 
4 and 5). The average Ba/Sr ratio for BRG and BPG 
is 5.61 and’5.01 respectively. During fractionation of 
feldspars, there is a drop in Ba/Sr ^atio^^ which is 
clearly brought out in Figure 5. High Sr and low Rb 
content of the granite variants rules out a sedimentary 
parentage for the granite. Crustal participation in magma 
genesis could have lowered Y, Nb and Rb and increased 
the content of Al, resulting in both BRG and BPG 
falling in the transitional area between normal and 
fractionated granite (Figures 6 and 7). 

Field and petrographic evidences clearly show the 
magmatic nature of Kalpatta granite variants. Major and 
trace element chemistry and geochemical classification 
schemes, supported by petrography, indicate close rela¬ 
tionship among the different variants of the granite 
pluton. Mineralogical and geochemical signatures are 
characteristic of post-orogenic A-type granites. In the 

Y vs Nb discriminant diagram, most of the plots of 
Kalpatta granite fall in the within-plate granite field 
(Figure 8). Few plots outside this field could be due 
to crustal contamination leading to lowering of Nb and 

Y values. In Q-An-Or-Ab tetrahedral cotectic-eutectic, 

projection, where P^j ^ = 5 Kb on a eutectic surface 

of An-Ab-Or projected from quartz, the granite variants 
give a temperature of 650°C~685°C and a depth of 
emplacement of about 30 km on the basis of Rb-Sr 
values. Geochemical characters of Kalpatta granite are 
too tempting to suggest partial melting of the deeper 
paits of the crust, generating granitic magma, and its 
contamination during emplacement to higher crustal 
levels. The most probable mechanism of melting in 
stable interior is mantle upwarping producing rapid 
decompression melting resulting in anorogenic magma- 
tism. Crustal distension can lead to extensive mantle 
degassing, resulting in the addition of volatiles producing 
localized melting^^'-'^’'^ In such cases slightly peralkaline 
magma can be generated by partial melting of lower 
crust under a high flux of mantle-derived halogen-rich 
volatiles, which in turn explains the high concentration 
of alkalies and HFS elements in anorogenic granites'^. 
This model is applicable to Kalpatta granite as it has 


high concentration of HFSE (e.g. Zr, 115.27 ppm- 
32.34 ppm; Nb 30.71 ppm-31.26 ppm). Presence of 
fluorapatite in both BRG and BPG and fluorite in late 
pegmatites of Kalpatta granite is characteristic of A-type 
granites, high F being the result of partial melting of 
F-rich biotite or amphibole. Thus the overall characters 
point to a magmatic source for Kalpatta granite pluton. 
The granite variants can be treated as products of 
polyphase late magmatic crystallization. 
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Carbon and oxygen isotopic 
variation in Tamil Nadu 
carbonatites, south India 

M. K. Pandit*'*^, A. N. Sial*, G. B. Sukumaran*, 

S. Ramanathan^ and V. P. Ferreira* 

♦Department of Geology, University of Rajasthan, Jaipur 302 004, India 
^NEG LABISE, Federal University of Pernambuco, Recife, Brazil 
Department of Geology, Presidency College, Chennai 600 005, India 

Carbonatites of Tamil Nadu (Samalpatti, Sevattur, 
Hogenakkal and Pakkanadu-Mulakkadu area), 
tectonically emplaced along faults/fractures of Neo- 
proterozoic Koratti Fault Zone are predominantly 
calcio-carbonatite to ferro-carbonatite. Their mag¬ 
matic origin is indicated by intrusive nature, asso¬ 
ciation with alkaline—peralkaline complexes, degree 
and extent of fenitization and presence of diagnostic 
accessory mineral phases. The stable isotopic ratios 
C and a’*©) reported in the present work provide 
conclusive evidence of their magmatic origin. Enrich¬ 
ment of in some of the ferrocarbonatites appears 
to be a post-magmatic phenomenon and can he at¬ 
tributed to low temperature hydrothermal alteration. 

Carbonatites, on account of their rarity in occurrence, 
unique tnineral assemblages, deep-seated origin and 
association with continental rift zones, have acquired 
immense significance in understanding the evolution of 
sub-continental upper mantle. Lower viscosity of car¬ 
bonate liquids allows them to sample larger volume of 
mantle and their Nd and Sr abundances (well in excess 
of crustal values) also buffer the possible effects of 
crustal overprinting'--. 

In India, carbonatites were first reported from Amba 
Dongar in Gujarat'’-'*. Subsequently, a number of car- 
bonatite occurrences became known and five major 
carbonatite-alkalic complexes have been identified (Fig¬ 
ure 1). These are associated with major rifting events 
during late Proterozoic and Cretaceous-Tertiary periods, 
in correspondence with global rifting phenomena. Indian 
carbonatite occurrences have been compiled by Krishna- 
murthy^ and their tectonic corroboration has also been 
attempted by Srivastava and Hall". Absence of systematic 
geochemical and isotopic data on Indian carbonatite 
complexes is notable except Ambadongar carbonatite 
complex, which so far, remains to be the best studied 
one . The present study focuses on petrogenetic impli¬ 
cations of high precision, carbon and oxygen isotopic 
ratios from four major carbonatite complexes of Tamil 
Nadu (Sevattur, Samalpatti, Hogenakkal and Pakkanadu- 
Mulakkadu) forming a part of Craton Charnockite Mobile 
Belt in south India. 

Tamil Nadu carbonatites (type IV carbonatites of 


'•'For correspondence. 
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Borodin’), first described by Deans and Powell® and 
subsequently studied by others'-*-", occur as fracture fills, 
dykelets, veins and lensoid bodies within Precambrian 
ultramafics, alkaline complexes and charnockites. These 
carbonatites are genetically related to the associated 
syenites and nepheline syenites and tectonically emplaced 
along NE-SW trending Koratti Fault Zone'® (Figure 1). 

The Sevattur carbonatites occur as arcuate outcrops 
(with inward dips) along the periphery of pyroxinite, 
syenite, fenite (fenitized pyroxinite and syenites) body! 
Calcite-rich sovite, dolomitic sovite and ankeritic car! 
bonatite of the complex (in order of decreasing age) 
define temporal and spatial relationship with each other". 
Sovite, representing an older magmatic phase, is confined 
to the southern part of the complex whereas relatively 
younger types occupy the central part. Carbonatite bodies 
in contact with country rock have fine-grained chilled 
margins and show gradual increase in grain size towards 
central part. Coarse-grained sovite weathers into a typical 
reddish brown appearance. 

The Samalpatti carbonatites occur as discontinuous, 
arcuate dykes and veins intruding the dunite-pyroxinites 
within a dunite-pyroxinite-syenite complex". The whole 
complex shows intrusive relationship with the horn- 
blende-epidote bearing basement gneisses. The carbo¬ 
natites range from sovite to ankeritic and pegmatitic 
types'". 

The carbonatites of Mulakkadu-Pakkanadu region 
occur as small dimension, concordant, fracture fills and 
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Figure 1. a, Map of India showing carbonatite-related tectonic features 
and location of study area. I, Eastern Ghat Belt; 11, Narmada; III, 
Aravalhs; IV, Assam-Meghalaya; V, Cuddapah-Godavari rift zones. 
U, Lithotectonic map of Koratti Fault Zone in Charnockite Mobile Belt 
showing carbonatite occurrences at Pakkanadu-Mulakkadu (1), Ho- 
genakkal (2), Samalpat|;i (3) and Sevattur (4) and associated faults (A 
and B, Mettur faults; C, Main fault; D, Amirdi fault; E, Kottapatti 
fault and F, Attur fault) and alklic complexes (stippled area, pyrox- 
inite-dunite and +, syenite). Maps modified after Krishnamurthy^ 
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dykelets within pyroxinite body and as discordant bodies 
within syenite, emplaced along a NE-trending fault (sub¬ 
sidiary of Attur Fault). The carbonatites are mainly 
sovite and ankeritic types. A few occurrences of ijolites, 
occurring as inclusions within syenite-fenites are present 
along the margins of pyroxinites and carbonatites^^ 

The Hogenakkal carbonatite complex is quite distinct 
from other carbonatite complexes of Tamil Nadu for 
being emplaced within Archaean charnockites. The car¬ 
bonatites form a series of discontinuous bodies within 
two subparallel NNE-SSW trending pyroxinite dykes, 
intruding charnockites. The carbonatites range from sovite 
to calcite-bearing pyroxinites. The sovites are coarse 
grained and pinkish grey. 

The carbonatites demonstrate textural diversity, ranging 
from coarse grained to fine grained (at places, porphyritic) 
with rare pegmatoid varieties. Modal mineral heteroge¬ 
neity (particularly in minor minerals) is another notable 
feature, Calcite is the most abundant mineral, besides 
dolomite and less abundant ankerite and siderite (Samal- 
patti and Pakkanadu). Volumetrically subordinate silicate 
phases comprise of biotite, riebeckite, diopside and phlo- 
gopite. Magnetite and apatite (up to 20% in Hogenakkal 
area) are the other minerals noticed besides trace abun¬ 
dances of sphene, monazite, allanite, etc. 

Mutual relationship of mineral grains indicates early 
crystallizing silicate phase associated with apatite and 
magnetite crystallization, followed by main carbonate 
minerals. In a few cases, the banding in calcite twin 
planes is controlled by early formed apatite. Corroded 
grain margins in amphiboles and pyroxenes indicate 
some degree of disequilibrium between early formed 
crystals and the melt. Biotite laths with corroded margins 
(during remelting of congealed magma) are usually sur¬ 
rounded by secondary growth of phlogopite mica. 
Rounded and ellipsoid apatite grains have smooth outline 
resulting from attrition during movement of the melt. 

The following mineralogical variants have been iden¬ 
tified on the basis of modal abundance of various mineral 
phases: (i) Sovite: mica, apatite-bearing sovite and mica, 
pyroxene, apatite-bearing sovite; (ii) Dolomitic sovite; 
(iii) Ankerite to para-ankeritic carbonatite; (iv) Calcitic 
pyroxinites. 

Major element analysis was carried out by conventional 
wet chemical method and the trace elements were 
determined at NGRI, Hyderabad, on ICP-MS Plasma 
Quad, using international standards. Carbon and oxygen 
isotopes were determined mass spectrometrically on VG 
Isotech, Stable Isotope Ratio Analyser, at NEG LABISE, 
Recife. Oxygen and carbon were extracted as CO 2 by 
reaction with 100% phosphoric acid'^ at 25°C for 24 
to 48 h. In case of slow reacting ankeritic carbonatites, 
a longer reaction period (7 to 10 days) was preferred 
instead of increasing the reaction temperature to 50°C. 
BSC (Borborema Skarn Calcite) has been used as the 


reference gas for measurements. This was calibrated 
against NBS-19 and NBS-20 before the run. Running 
NBS-20 as unknown against BSC, we got the as 
-1.05 per mil and <5’^0 as -4.10 (PDB) which are very 
close to the values reported by National Bureau of 
Standards, USA (-1.06 and -4.4 per mil, respectively). 

The major elements are represented as wt% oxides, 
isotopes as standard per mil notations (d^^O relative to 
SMOW and relative* to the PDB standard), the 
analytical precision for the isotopic ratios has also been 
mentioned. The major element analysis (including Rb 
and Sr) is given in Table 1 and the carbon and oxygen 
isotope ratios in Table 2. 

The Tamil Nadu carbonatites are quite variable in 
terms of major oxides, particularly Si 02 , Fe 203 , CaO 
and MgO. In the CaO-MgO-(FeO + Fe 263 + MnO) dia¬ 
gram these plot in the calciocarbonatite (sovite) to 
ferrocarbonatite fields^^ (Figure 2). A significant geo¬ 
chemical feature of calciocarbonatites is the low con¬ 
centrations of MgO (1.20 to 4.10%), Na^O (0.14 to 
2.00%) and K 2 O (0.11 to 1.5%) and their inverse rela¬ 
tionship with CaO. An increase in Fe, Mg and Mn from 
calciocarbonatite to ferrocarbonatite (Figure 2) is quite 
similar to carbonatite trendsDistinct covariance 
between P 2 O 5 and CaO is also well demonstrated. The 
enrichment of Sr over Rb is a diagnostic feature of 
calciocarbonatites, however, the ferrocarbonatites have 
a preponderance of Ba over Sr. 

For a greater degree of confidence, 15 samples were 
analysed for stable isotopic compositions. The values 
obtained for each locality are remarkably similar, so 
only representative analysis from each locality has been 
included in discussion. However, the range of the isotopic 
ratios has been mentioned along with the and 
values (Table 2 ). The range of <5^^C and <5^^0 for primary 
igneous carbonatites, proposed to be between -4 and 
- 8 per mil and + 6 and 4-10 per mil by earlier workers, 
has been subsequently expanded to - 2 to - 8 and + 6 
to +12 per mil (ref. 18). The stable isotopic signatures 
of the carbonatites indicate homogeneous ( 3 *^C values 
(-3.634 to -6.436 per mil) and variable (+7.780 
to + 24.032 per mil). The distinctive (5^^C signatures con¬ 
firm the primary nature and mantle origin for these 
carbonatites (Table 2). There is a lack of systematic 
correspondence between <5^^C and values (Figure 

3). Some of the samples plot outside the mantle box, 
although still well within the range of crystal fractiona- 
tion^l The O and C isotopic data allow the discrimination 
of these carbonatites into two types: (i) Those with 
and ^values corresponding with mantle values (mainly 
calciocarbonatites); (ii) Those with high (5’®0 values, 
not correlatable with magmatic values (mainly 

ferrocarbonatites). 

A large number of databases would always bring more 
confidence while drawing inferences, however, the two 
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Table 1. Major element composition of Tamil Nadu carbonatites 

^^3456 


Sample no. 

SVT/4 

PALL/4 

BG/17 

SiOj 

1.41 

25.93 

22.90 

TiOj 

0.01 

1.13 

1.60- 

AIA 

1.49 

5.20 

3.82 


L99(t) 

9.56 

5.12 

FeO 


3.00 

0.90 

MnO 

0.20 

2.37 

Tr 

MgO 

2.95 

7.58 

4.20 

CaO 

50.73 

17.99 

35.21 

Na20 

0.31 

3.45 

1.41 

Kfi 

0.21 

3.09 

1.92 

PA 

2.50 

1.20 

1.00 

COj 

36.20 

18.50 

22.00 

Sr (%) 

0.75 

0.63 

0.63 

Ba (%) 

0.20 

0,89 

0.08 


OK/27 

MK/28 

H/46 

PK/8 

25.97 

1.50 

0.20 

6.72 

1.30 

0.05 

0.03 

0.55 

4.60 

1.10 

0.35 

1.88 

9.71 

2.30 

Tr 

2.90 

2.97 

2.50 

0.30 

6.20 

1.97 

0.25 

Tr 

0.60 

7.12 

2.68 

1.20 

6.33 

18.00 

51.25 

54.28 

35.12 

3.20 

0.17 

0.14 

0.52 

3.10 

0.12 

0.11 

1.00. 

1.10 

4.90 

1.12 

0.90 

18.40 

32.30 

42.57 

34.56 

0.14 

1.57 

1.22 

0.55 

0.58 

. 0.43 

0.05 

1.13 


1, Sevattur calciocarbonatite; 2, 3 & 4. Samalpatti ferrocarbonatite- 
6 Hogenakkal calciocarbonatite; 7, Pakkanadu ferrocarbonatite (Sr 
MS as ppm). 


5, Mulakkadu calciocarbonatite; 
and Ba were analysed by ICP 


Table 2. Stable isotopic composition of Tamil Nadu carbonatites, Carbon and oxyeen isotones nre 
presented as standard per mil notation relative to PDB (Pee Dee Belemnite) and SM(fw (Stantod Mean 
_ _ Ocean Water), respectively 


Sample 

number 


(5'^C 


(5‘®0 

■5'’C 

Range 

(5‘«0 

Range 

SVT/4 

PALLA/4* 

BG/17* 

OK/27 

MK/28 

H/46 

PK/8* 

-6.436 ±0.004 
-4.372 + 0.006 
-3.937 + 0.005 
-3.63410.011 
- 3.703 + 0.002 
-6.15310.003 
-5.30010.006 

-6.439 to -5.866 

-3.634 to -3.363 

- 3,800 to - 3.703 

- 6.226 to - 6.027 

+ 13.15510.006 
+ 15.42510.008 
+ 11-13610.007 
+ 24.03210.012 
+ 7.780 1 0.004 
+ 8.37510.007 
+ 8.61010.005 

+ 7.985 to + 13.155 

+ 24.032 to +25.447 
+ 7.261 to +7.780 
+ 8.079 to + 8.375 

*OnIy one 

sample ha.s been analy.sed from the locality. 





groups identified in the present work are quite distinct 
to be mixed up’ 

The isotopic values in carbonatites vary as a result 
of differences in the isotopic composition of magma, 
isotopic fractionation during magma genesis and isotope 
effects during crystallization'^ Enrichment in the heavier 
isotopes can also be attributed to Rayleigh fractionation 
or crustal interaction during emplacement. Enrichment 
in heavier carbon isotope in a number of carbonatite 
complexes has been explained by invoking the Rayleigh 
fractionation model'^^-^'. In the present case, the Rayleigh 
fractionation model cannot be applied due to absence 
of systematic variation between and (5''0 values. 
Further, it cannot explain (5*^0 values greater than + 17 
per mil (ref. 18). Homogeneity in values also rule 
out any source heterogeneity to effect isotopic variation. 
Enrichment in "'O against magmatic (5'^C values has 
been ascribed to post-magmatic processes, particularly 
low temperature interaction with meteoric waters'’^'. The 
enrichment in is a common feature of late stage 
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Figure 3. diagram showing mantle values for (5'^C and 

wide range in Mantle carbonatite box'^ (I) is also given for 

reference. Numbers in parentheses correspond with the serial numbers 
given in Table i. Open circle, ferrocarbonatite; +, calciocarbonatite. 
Note enrichment in ferrocarbonatites. 

carbonatites, richer in ankerite and dolomite^^. Similar 
conclusions have been drawn for Amba Dungar car¬ 
bonatites of western India‘’^^. In the present case the 
enrichment in heavier isotopic fraction, thus, is a 
result of superposed events caused by interaction with 
hydrothermal fluids. Water is an important component 
of carbonatites, particularly during late stages of the 
evolution of magma. Any hydrothermal alteration would 
result in upward shift in the values (beyond 6 per 
mil). It is only at a temperature above 270°C that the 
calcite-water fractionation becomes larger than + 6 per 
mil. Water-rich fluids responsible for high temperature 
(> 400°C) alteration are usually of magmatic origin and 
would not effect significant shift in O isotopic compo¬ 
sition. Shallow level complexes demonstrate more vari¬ 
ation in the O isotopic composition. Elevated values 
(of ferrocarbonatites) can be attributed to sub-solidus 
groundwater interaction. The carbonate-water fractiona¬ 
tion and typically negative values for meteoric 

groundwaters necessitate a low temperature (>250‘'C) 
interactionExtreme enrichment in (5^^0 (> + 20per 
mil) would require a very low temperature (<50°C) 
during groundwater interaction*. Lower abundance of 
carbon (relative to oxygen) in the crust does not permit 
large scale C isotopic variation which remains unaffected 
from any low temperature, carbon absent hydrothermal 
process. As established in the foregoing discussion, and 
the absence of corresponding variation in the 

variation in (5**^0 can only be explained by low tempe¬ 
rature hydrothermal alteration. The cai'bon isotopic frac¬ 
tionation between carbonatite melt and CO^ dissolved 
in silicate melt would be quite similar. 

The stable isotopic data, presented above, indicate 
almost homogeneous, magmatic c5*^C values and widely, 
variable 5**^0 values. Significant observations can be 
summarized to conclude: 

• The Tamil Nadu carbonatites have close spatial and 
temporal relationship with Neoproterozoic rifts and 
lineaments. 


• Textural relationships indicate early crystallization of 
non-carbonate phases (oxides, silicates, phosphates). 
Smooth, ellipsoidal surfaces of early formed apatite 
indicate attrition during emplacement of melt along 
narrow fault/fracture zones. Melt-crystal relationship 
is also manifested in development of phlogopite rims 
around biotite laths and corroded margins of riebeckite. 

• These have modal mineralogical heterogeneity, how¬ 
ever, geochemically these are calciocarbonatite (sovite) 
and ferrocarbonatite (ankerite to para-ankeritic types). 

• Homogeneous values, corresponding with mantle 
values, underline primary nature and mantle source 
and similar depth of generation. Significant enrichment 
in heavier isotope in ferrocarbonatites without 
corresponding enrichment in isotope is a result 
of low temperature alteration by meteoric water 
interaction. The calciocarbonatites are relatively 
unaffected by such post-emplacement interaction which 
is more pronounced in ferrocarbonatites. 

• Close association of carbonatites with the alkaline 
complexes is a possible manifestation of their common 
petrogenetic lineage. 

• Geochemical signatures and field relations of these 
carbonatites and associated alkaline complexes indicate 
a carbonated alkalic magma from which carbonates 
were derived by liquid immiscibility. The inferences 
need to be substantiated by detailed trace and rare 
earth element data and mineral chemistry. 

In conclusion, it can be said that the Tamil Nadu 
carbonatites are truly magmatic in origin and have 
undergone variable degree of post-magmatic alteration 
by meteoric waters. 
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Studies on spin-labelled peptide 
nucleic acid 

XiaoXu Ll*, ChenGang Huang^ Yanguang WangV 
YaoZu Chen , LiangRen Zhang*, JinFeng Lu*, 
LiHe Zhang* ’ 

National Laboratory of Natural and Bioraimetic Drugs Beijing 
Medical University. Beijing 100083, China ® ^ ^ 

^Department of Chemistry, Zhejiang University, Hangzhou 310027, 

Spin-labelled peptide nucleic acid TIO (PNATlOi was 
^nthesized by solid-phase method with Boc strategy. 
The Prodimt was characterized by electron spin reso¬ 
nance (ESR) and time of flight MS (TOF MS) analysis 
revealing a facile spin labelling of PNA by in ^situ 
solid-phase synthesis. The spin-labelled PNA product 
shows same hybridizing ability as that of nadve one 
and may be used in studying the cell membrane 
^gMlT^” determination of the ESR 

Highly stable analogues of DNA or RNA are of con¬ 
siderable interest in medicinal chemistry and molecular 
biology due to their possible use as therapeutic agents 

^PNA^j k hmI Peptide nucleic acid 

(PNA) IS a DNA mimic in which the entire backbone 
has been replaced by a pseudopeptide backbone composed 
of N-(2-ammoethyl)gIycine units''^ PNA can hybridize 
0 the complementary DNA or RNA and exhibits 
equence discrimination and thermal stability equal to 


or better than that of DNA^-^ PNA also shows biological 
effects mcluding in vitro transcription and translation 
modulation and much more biological stability towards 
I^oteases and nucleases. These characters make PNA 
the candidate of choice amongst potential gene-regulating 
drugs . One of the limitations, however, of PNA to 
be a feasible gene-regulating drug is that PNA cannot 
enter cell by passive diffusion because of its poor cell 
membrane permeability’, and some attempts have been 
made to improve cell uptake of PNA"’. The more 
convenient and versatile method to evaluate cell mem¬ 
brane permeability of PNA is therefore an impetus for 
studies on its being used as potential gene-regulating 

Conventional nitroxyl spin-label ESR technique has 
een extensively applied in pharmacology, molecular 
bmlogy and biophysics "-'I We propose here a stable 
mtroxyl-free radical as a reporter molecule of PNA to 
investigate the transmembrane behaviour of PNA and 
spin-labelled PNA might also be applied for gene probe 
investigation. In this study we practised a facile in situ 
solid-phase synthesis of spin-labelled PNA by conden¬ 
sation of 3-carboxyl-2,2,5,5-tetramethyl-3-pyrroline-I- 

oxyl with the A(^-terminaI amino group of PNATIO 
fragment in the course of solid-phase synthesis. The 
assembled structure is shown in Figure 1, the basic 
character of spin-labelled PNATIO is presented and a 

'‘^^essment of transmembrane behaviour 
of PNA IS recommended. 

Boc-protected thyminyl monomer was prepared 
according to the reported method"*. The synthesis of 
spin-labelled PNATIO was initiated on a Boc-L- 
Lys(ClCbz) modified MBHA resin, the PNATIO strand 
was elongated based on thyminyl monomer following 
standard solid-phase peptide synthesis protocols’'’'’^ 
After the 10th thyminyl monomer condensation and Boc- 
terminated, the in situ spin labelling 
of PNATIO was carried out continuously using 

“CarboxyJ-2,2,5,5-tetramethyl-3-pyrroline -1 -oxyJ (ref. 1 6) 

as block for solid-phase synthesis. HF cleavage was 
used to liberate the free product, purification was con- 
ducted by C-18 RP-LPLC (0-40% acetonitrile in 0.1% 
IFA/HjO). The final product gave the nitroxyl-free 
radical signals (three peaks, g = 2.0019, fl=15.8G, 
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Figure 1. Structure of spin-labelled PNATIO. 
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AH- 1.8 G, in water) under ESR spectrum measurement 
(Figure 2), and revealed successful spin labelling. The 
molecular weight of the product determined by time of 
flight MS (TOF MS) was 2973.3, being consistent with 
the calculated molecular weight. In our works, we de¬ 
signed a spin-labelled PNATIO and the spin labelling 
can be achieved by facile in situ solid-phase synthesis 
following the procedure of solid-phase synthesis, the 
free radical can only be labelled to the N terminus of 
the growing strand, and after coupling of free radical 
the unreacted free nitroxyl radical was washed off. 
Since the ESR signal of final product can only be 
contributed by the covalently linked free radical, the 
identity of the objective structure of the product can 
also be confirmed by the ESR signals. The ESR signal 
product appears to be of a standard nitroxyl-free radical 
one and shows the convenience and success in solid-phase 
in situ spin labelling. This would facilitate the application 
of spin-labelled PNA or other PNA analogues. 

The melting temperature of hybrid between spin- 
labelled PNATIO and its complementary DNA strand 
dAlO was determined at 1 : 1 PNA: DNA stoichiometry 
as described^’^, using the extinction coefficients A 15.4, 
T 8.8 for both PNATIO and DNA by heating to 90°C 
for 5 min, cooling to room temperature, and storing for 
30 min followed by storage at 5°C for at least 30 min. 
The melting curves were recorded in steps of 0.5°C/min. 
The was determined from the maximum of the first 
derivative of the plot of versus temperature. The 
buffer used for measurement contained 100 mM NaCl, 
10 mM phosphate, 0.1 mM EDTA (pH 7.4). The resultant 
78°C, for hybrid of spin-labelled PNATIO and dAlO, 
is same as that for native PNATIO and its complementary 
ssDNA dAlO. This result shows that PNA’s hybridization 
ability is not influenced upon being adducted to a spin 
labelling molecule at its A^-terminal. This is desired 
because the result meets the basic requirement for a 
suitable spin labelling molecule that will not interfere 
with the system to be labelled^^"’^. Further, the result 
is also as expected because it has been reported that 
modification of PNA with small molecules or even 
protein has little influence on its hybridizing behaviour 
The ESR signal was also measured when spin-labelled 


_ f ■ || 
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Figure 2. ESR spectrum of spin-labelled PNATIO. 


PNATIO hybridize to dAlO and dA14, the spectrum 
obtained is nearly the same as that of spin-labelled 
PNATIO only (Figure 2); the isotropic peaks show that 
no strain is imposed on the spin labelling molecule 
when spin-labelled PNATIO hybridize to DNA, this 
might be due to the labelling molecule’s stretching out 
of the hybrid strand. It appears that the spin labelling 
on the //-terminal of PNA fails to reflect the binding 
situation of hybrid of PNA and DNA, however, the 
unchanged ESR signal could easily be quantified and 
therefore might be used as an indicator of the amount 
or location of spin-labelled PNA. 

Stable nitroxyl-free radical can be reduced to hydroxyl 
amine by reducing agent. In erythrocyte the concentration 
of reducing agent may reach 2-3 mM, which can reduce 
the free nitroxyl radical that enters into the cell and, 
hence dramatically quench the ESR signals inside the 
cell. Based on this principle, experiments were carried 
out to study cell membrane permeability of kinds of 
nitroxyl-free radicals and spin-labelled phosphate by 
monitoring the decrease of ESR signals of spin label 
when incubated with erythrocyte^"^’To assess the mem¬ 
brane permeability of PNA, we designed nitroxyl-free 
radical as reporting molecule so that the permeability 
of spin-labelled PNA could be detected by measurement 
of the ESR signal changes after its incubation with 
erythrocyte. 

Healthy adults’ blood was washed three times with 
isoosmotic PBS (pH 7.0) by centrifugation (10 min 
x2000rpm)^^. The RBS suspension was adjusted to 
50 million/ml with PBS and was incubated at 37°C for 
15 min prior to use. The spin-labelled PNATIO (2 mM) 
200 pi was mixed with 200 pi RBC suspension. The 
mixture was incubated at 37°C. The same volume of 
sample was picked out from the mixture during incubation 
periodically and submitted to ESR measurement on a 
Bruker ESP 300 spectrometer under the same conditions. 
Since the erythrocyte suspension is free of plasma via 
washing procedure, ESR signal changes could only be 
due to intracellular chemical reactions. In our study the 
spin-labelled PNATIO showed no significant decrease 
of ESR signal strength at the same field without widening 
of peaks even after 5 h incubation with erythrocyte 
suspension. This result indicates that since the free 
radical was not reduced by reducing agents inside the 
cell, the spin-labelled PNA could not or poorly penetrate 
the cell membrane passively within the observing time. 
In another experiment, when spin-labelled PNATIO was 
incubated with cell lysate, the ESR spectrum as recorded 
above it showed that the ESR signals decreased signifi¬ 
cantly, showing nearly 90% decrease in strength at the 
same field after 15 min (Figure 3), Thus, in this model 
the decrease of ESR signal during incubation with 
erythrocyte lysate is due to the release of reducing 
agents from cell into the mixture, in intact cell suspension 
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Figure 3. ESR signal strength of spin-labelled PNATIO incubated 
with (a), erthyrocytes suspension and (i), erythrocyte lysate. The 
strength is presented as the percentage of the initial peak height of 


the changes in signal strength can be used as a parameter 
for demonstrating cell membrane penetrability. The above 
results support the reported poor cell permeability nature 
of PNA *. 

Thus, effort should be made to endow PNA with 
higher cell membrane permeability because a low cell 
rnembrane permeability is one of main limitations that 
hinder many DNA analogues from being used as practical 
gene targeting drugs, and the chemical modification of 
PNA might be a promising way to surmount this problem. 
In these studies, spin labelling of PNAs or their 
derivatives would be an effective route to assess their 
cell membrane permeability using the above model, and 
the spin-labelled PNATIO could find its application by 
serving as a negative control. The relative works are 
in progress. 
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Strategy based on plasmid 
incompatibility for Tn5 mutagenesis 
in Erwinia herbicola ATCC 21998 

J. Vakhlu, S. Johri, V. Verma and G. N. Qazi‘^ 

Division of Biotechnology, Regional Research Laboratory (CSIR), 
Canal Road, Jammu Tawi 180 001, India 

Erwinia herbicola and Gluconobacter oxydans are 
ketogenic bacteria capable of oxidation of hexose 
sugars to a number of keto-derivatives mediated by 
a consortium of enzymes known as dehydrogenases. 
In our studies with G. oxydans^ Tn5 transposition 
gave rise to block mutants in the direct glucose 
oxidation pathway. Some of these mutants have com- 
mercial value. But similar mutagenesis was not suc¬ 
cessful in E. herbicola because pSUP2021, the Tn5 
carrying vector, stably replicated in this organism 
when transformed with the vector. Here we report 
a strategy for transposon mutagenesis in E. herbicola 
based on plasmid incompatibility to convert the stably 
maintaining plasmid pSUP2021 into a suicidal vector 
in presence of another plasmid pBR322::Tn5 incom¬ 
patible with it. The resultant transpogenesis generated 
auxotrophic mutants (for arginine and lysine) in this 
commercially valuable organism. The study also con¬ 
firmed that the native plasmid (pVQl) harboured by 
E. herbicola has its origin non-homologous to that 
of pMBl. 

Erwinia herbicola (ATCC 21988), a gram-negative 
facultative anaerobe, is a commercially important keto¬ 
genic bacteria. It has the ability to convert glucose to 
2,5-diketo-gluconic acid (2,5-DKG) and sorbitol to 
2-keto-L-gulonic acid (2-KLG), intermediates of vitamin 
C synthesis^ The gene encoding glucose dehydrogenase 
(GDH) in E. herbicola has been located on one of its 
two plasmids, pVQl (ref. 2). The strain carries another 
plasmid (pVQ2) which seems to be cryptic and was 
found to be curable with mitomycin C (ref. 2). However, 
pVQl could not be cured even after repeated attempts 
using not only mitomycin C but other mutagenic agents 
like acridine orange, NTG, ethidium bromide and UV 
radiations. Genetic analysis of specific genes and the 
information available on the basic genetics of E. herbicola 
is scanty. Methods of conventional mutagenesis can be 
used to generate mutants but preferential mutants are 
usually difficult to obtain. Transposons are drug-resistant 
elements that have been utilized successfully in recent 
years for the development of mutants^“^. Transposon 
Tn5 is frequently used as a mutagen because it is a 
single site mutagen, does not confer any phenotypic 
effect on cell growth, inserts randomly, causes polar 
mutations and is highly transposable and stable once 
established^’"^’*^’^. 

*For correspondence, (e-mail: rrl@jandk.ren.nic.in) 


A strain of E. herbicola (EhCl) was obtained by 
curing E. herbicola ATCC 21988 with mitomycin C 
(ref. 2). Here we report Tn5 transpogenesis in EhCl 
for generating block mutants using the phenomenon of 
plasmid incompatibility. Besides obtaining random trans¬ 
position-yielding auxothrophs, the results reveal that 
native plasmid pVQl does not belong to Inc P group 
of plasmids as its origin is different from that of pMBl, 
to which the pBR322 derived vectors belong. 

The bacterial strains used in this study are given in 
Table 1. The routine growth media for the bacteria was 
LB^^^ and the minimal medium for E. herbicola and its 
strain (EhCl) was the mineral salt medium^‘. Glucose/ 
sorbitol was used as carbon source at a concentration 
of 20g^^ For the selection of Tn5 expression, kana- 
mycin (Km) was used at a final concentration of 
50|igmr^ Ampicillin (Am), erythromycin (Er) and 
chloramphenicol (Ch) were used at a concentration of 
lOOjLLg, 60|ig and 25|LLgmr^ respectively. 

Transposon mutagenesis in EhTl (EhCl bearing 
pBR322::Tn5) was performed by bacterial mating 
between EhTl and E. coli SI7-1 carrying pSUP2021 
by following the protocol of Simon et al.^. Counter 
selection of donor cells was made on Er 60 jiig ml"' 
whereas recipient cells were selected on Km 50 pg ml"' 
and Ch 25pgmr', After 24 h of incubation at 30°C, 
the colonies were replica plated on LB with Km 
50 pg ml"' and Ch 25pgmr'. 

Total DNA was isolated from all the isolates of E. 
herbicola by following the method of Pitcher et al}'^. 
Plasmid DNA was isolated by the alkali lysis method 
of Birnboim and Dolly'^ DNA was analysed by agarose 
gel electrophoresis using TAE buffer^'. Transformation 
of the strains of E, herbicola (EhCl, EhTl) with 
pBR322::Tn5 (obtained from IMT, Chandigarh) and 
pSUP2021 (obtained from Prof. R. Simon, University 
of Bielfeld, Germany) was undertaken following the 
method of Hamamoto and Murooka'"' with some modi¬ 
fications, i.e. (i) lOOmM KCl gave better results than 
100 mM RbCi 2 , (ii) PEG 1000 was found to be more 
effective than PEG 4000. Transformants were selected 
on LB medium containing specific antibiotics, viz. EhCl 
pBR322::Tn5 (EhTl) on Am lOOpgml"' and Km 
50 pg ml"' ; EhTl pSUP2021 (EhT2) on Km 50 pg ml"' 
and Ch 25pgmr', respectively. The selection of auxo- 
trophs was done by following the protocols of Davis 
et al}^. The transposed colonies were replica plated on 
LB with Km 50 pg ml"' + Ch 25 pg ml"' and series of 
eleven diagnostic pool media'^ comprising permutation 
and combination of amino acids (Table 2). The frequency 
of transfer of pSUP2021 from E. coli SI7-1 through 
conjugation, in E. herbicola (wild type) or its cured 
derivative (EhCl) was of the order of 70% per final 
number of recipient cells. The electrophoresis data of 
the ex-conjugants, as shown in Figure 1, indicate that 
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Table 1. Bacterial strains used in the study 


Strain 

no. 

Bacterial 

strains 

Source 

Phenotype/plasmids 

present 

Growth 

media 

Temp. 

Eh 

E. herbicola 

ATCC, USA 

Am' Cb' 

(pVQl & pVQ2) 

LB/MM 

28 

EhCl 

E. herbicola 

RRL, Jammu 

Am' Cb' Er' 

(pVQl) 

LB/MM 

28 

EhTl 

E. herbicola 

RRL, Jammu 

Am' Cb' Km' Er' 

(pVQl & pBR322;:Tn5) 

LB/MM 

28 

EhT2 

E. herbicola 

RRL, Jammu 

Am' Ch' Er' Km' 

(pVQl & pSUP 2021) 

LB/MM 

28 

S17.I 

E. call 

Pasteur Institute, 
Paris 

Sm' 

LB 

37 

SI7.1 

pSUP 2021 

E. coli 

Gifted by Prof. 

R. Simon 

Am' Ch' Km' 

LB 

37 

57 

E. coli 

IMT, Chandigarh 

Am' Km' 

(pBR322::Tn5) 

LB 

37 


om = oireptomycin; Km = Kanamycin; Am = Ampicillin; Tc = Tei 
Er - Erythromycin; LB-Luria broth; MM = Minimal medium. Temp. = Optimum temperature for growth. 


1 2 3 4 5 6 



23.1 kb 

9.4kb 
6.5 kb 

4.3kb 


2.3kb 
2.0kb 
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the plasmid pSUP2021 is stably maintained in EhCl, 
as was also found with wild type E. herbicola (data 
not shown). Thus, the plasmid pSUP2021 being non- 
suicidal in these strains makes it an unsuitable vector 
for transpogenesis. Therefore, possibility of plasmid in¬ 
compatibility was explored for affecting transpogenesis 
in this organism using different vectors carrying Tn5 
transposon. 

The transformation frequency of PBR322::Tn5 or 
pSUP2Ml in EhCl was approximately of the order of 
2x10^. Both of these plasmid vectors were found to 
stably replicate in EhCl when transformed separately, 
Therefore, a strategy was designed to introduce one of 
these Tn5 carrying vectors into EhCl host possessing 
already the other Tn5-based vector having the same 
origin of replication, e.g. transform EhTl (EhCl bearing 
pBR322::Tn5) with pSUP2021. As both pBR322::Tn5 
and PSUP2021 have the same pMBl origin, the two 
plasmids became incompatible with each other and 
r^ulted in the elimination of one, in this case 
pBR322::Tn5. Such eliminations triggered random trans¬ 
position of Tn5 on the chromosomal DNA of the host 
phCl). The transposition of Tn5 was confirmed by 
hybridization using DIG-labelled probe derived from 
ln5 (2 7 kb Bgm fragment. Figure 2). The transposition 
data thus generated, suggest that it was always the 
incoming plasmid that maintained stability and the one 
a ready present in the host became suicidal and got 
e immated. Sirnilar observations have been reported by 
Berg and Berg with respect to pJB4Jl and pJB3Jl. 

Screening of 5000 ex-conjugants revealed that the 
ransposition occurred mostly on the chromosomal DNA 
and never on the native plasmid DNA (pVQl) harboured 
by the organism. It may be due to the presence of 
certain hot spots on the chromosome of E. herbicola. 
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Table 2. Various auxotroph diagnostic pool media 



1 

2 

3 

4 

5 

6 

Adenosine 

Guanosine 

Cysteine 

Methionine 

Thiamine 

7 

Histidine 

Leucine 

Isoleucine 

Lysine 

Valine 

8 

Phenylalanine 

Tyrosine 

Trytophan 

Threonine 

Proline 

9 

Glutamine 

Asparagine 

Uracil 

Aspartic acid 

Arginine 

10 

Thymine 

Serine 

Glutamic acid 

DAP 

Glycine 

11 

Pyridoxine 

Nicotinic acid 

Biotin 

Pantothenate 

Alanine 



Figure 2. a, 0.7% agarose gel electrophoresis showing FcyjRI digest 
of total DNA from: Lane 1, coU S17-1 with pSUP2021; Lane 2, 
E. herbicola (EhCl); Lane 3, Ex-conjugant EhT2 (no. 1); Lane 4, 
Ex-conjugant EhT2 (no, 2 ). b. Southern blot of the above gel showing 
hybridization using DIG-labelled Bgl\\ (2.7 kb) fragment of Tn5 as a 
probe. Lane 1, pSUP2021 EcoRI digest as the positive control; Lane 
2, No hybridization with EhCl; Lanes 3 and 4, Show additional signals 
marked as (^) depicting the tranposition of Tn5 from pBR322::Tn5 
on the chromosomal DNA of EhT2. pSUP2021 EcoRl digest is at the 
expected position. 

This observation is in conformity with that of Gantotti 
et al.^, who reported that insertion of Tn5 in E. herbicola 
was not as random as in E. coli. Presence of similar 
hot spots for Tn5 in chromosomal DNA of Gluconobacter 
oxydans has also been reported by our group earlier^ 
In contrast to parent organism, some of the ex- 
conjugants obtained by the above-mentioned strategy 
failed to grow on the minimal medium with glucose as 
the sole carbon source. These ex-conjugants when rep¬ 
lica-plated on 11 diagnostic pool media^^ (Table 2) 
designed to score among others the amino acid auxo- 
trophs, resulted in the selection of two ex-conjugants, 


1 2 3 4 5 6 7 




Figure 3. 0.7% agarose gel electrophoresis showing curing of 
pBR322::Tn5 as a result of plasmid incompatibility between 
pBR322::Tn5 and pSUP2021 in E. herbicola (EhCl) transformants. 
Lane 1, pVQl and pBR322::Tn5 from EhTl £f:Y.;Rl digest; Lane 2, 
pVQl of EhCl ^coRI digest; Lane 3, pVQl and pSUP2021 from 
ex-conjugant EhT2 £c£>RI digest; Lane 4, pSUP2021 i?coRl digest; 
Lane 5, Mixture of pSUP2021 and pBR322::Tn5 digests as 

control; Lane 6, pBR322::Tn5 EcoRl digest; Lane 7, X DNA Hindlll 
marker. 

Eh auxl and Eh aux2. These ex-conjugants grew well 
on pool media 4 and 9, respectively (Table 2). When 
lysine was eliminated from the pool medium 4, Eh auxl 
failed to grow on it. Similarly when arginine was 
removed from pool medium 9, Eh aux 2 could not 
grow. This, therefore, indicates that Eh auxl is lysine- 
auxotroph and Eh aux 2 is arginine-auxotroph. Detailed 
studies on the mutants are under way and will be 
reported separately. 

Attempts to transform E. herbicola with pBR322 (rela¬ 
tively smaller plasmid) alone were not successful, how- 
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ever pBR322::Tn5 (~10kb) and pSUP2021 (~12kb) 
vi'ere accepted easily by the culture. Therefore the pref¬ 
erential uptake of pBR322::Tn5 and pSUP2021 indicates 
that molecular weight of the plasmid alone does not 
determine the transformation frequency in E. herbicola 
Similar observations have also been made in Erwinia 
sp. by other workers'"'. Attempts to mobilize pBR322 
using E. coli S17-1 as the helper strain were also not 

probably because of the fact that 
pBR322 lacks RP4 specific mob site. 

Transformations of EhCl with pBR322::Tn5 and 
PSUP2021 clearly show that pVQl (natural plasmid 
harboured in EhCl) has different origin of replication 
than that of pSUP2021 and pBR322. Both of these 
plasmids also co-existed stably with pVQl when trans¬ 
formed in the culture separately (Figure 3). This clearly 
shows that pVQl does not belong to Inc P group of 
plasmids and its origin is other than that of pMBl. 

uring this study we did not come across any co- 
integrates formed as a result of homology between Tn5 
present in pBR322::Tn5 and pSUP2021. This further 
confirms incompatibility between the two plasmids 
(pBR322:;Tn5 and pSUP2021). Thus, it is evident that 
or the development of block mutants, the plasmid 
incompatibility strategy (using two different transposon 
vectors) could be exploited efficiently to facilitate trans- 
position in E, herbicola. 
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Agrobacterium-medisiM genetic 
transformation in Gerbera hybrida 
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Agro^artmHm-mediated genetic transformation pro- 
tocol was developed for the commercially important 
ornamental Gerbera hybrida. Petiole, leaf and shoot 
tip explants from 3 to 4 week old in vitro grown 
shoots of gerbera were co-cultured with Agrobacterium 
tumefaciens strain LBA4404. The strain harbouis a 
fiiTm ‘containing neomycin phosphotransferase 
(nptll) and ^.glucuronidase (uidA) genes. Callus for¬ 
mation and shoot regeneration were obtained on MS 

NAA“fnc‘^®"‘nyTf d-Orng/l each) and 

NAA (0.5 mgd). Selection on the regeneration medium 

supplemented with 20mgd kanamycin allowed pro- 
duction of transgenic plants from 0.44% to 17.0% 
of the explants. GUS activity was detected by histo- 
chemical staining. Transfer of uidA and nptll genes 
was analysed by PCR and Southern hybridization. 
Transformed shoots were multiplied on MS medium 
containing 0.25 mg/1 BAP, rooted in half strength MS 
medium supplemented with 40 mgd kanamycin and 
successfully transferred to soil. This protocol could 
be used to introduce horticulturally important genes 
that govern pigment biosynthesis in flowers. 

Ornamental plants are produced exclusively for their 
aesthetic values. Thus the improvement of quality at¬ 
tributes such as flower colour, longevity and form, plant 
shape and architecture and the creation of novel variation 
are important economic goals'. Gerbera is one of the 
most popular ornamental plants in the world and is used 
as garden plants, potted plants, greenhouse flowers and 
cut flowers. Conventional breeding of gerbera by crossing 
and selection has generated several clonally propagated 
elite genotypes that have desirable traits, such as colour, 
^ape, vase life and resistance against pests and diseases. 
However, one of the disadvantages of traditional breeding 

Tor correspondence, (e-mail: sitagl@mcbl.iisc.emet.in) 

CURRENT SCIENCE, VOL. 74, NO. 7,10 APRIL 1998 



RESEARCH COMMUNICATIONS 


is the limited genepool of any single species. In addition, 
the heterozygous nature of the material makes the 
alteration of individual traits impracticable. Van Der 
Krol et al? Reported modification of flower pigmentation 
in petunia. Elomaa et al? developed a regeneration 
method and an Agrobacterium-mt&mitd transformation 
using petiole explants of Gerbera hybrida variety Terra 
Regina. Mohamed et al^ found that direct regeneration 
from vegetative tissue facilitates genetic transformation 
with minimal alteration of the target plant genome. 
Robinson and Firoozabady^ opined that success of Agro- 
bacterium-mtdiSitQd transformation depends on the 
cultivar, choice of the explants and the mode of regen- 
eration^ The aim of our present study was to develop 
transgenic gerbera plant^s through Agrobacterium- 
mediated genetic transformation using appropriate 
explants of Gerbera hybrida line RCGH 164, in vitro 
shoot multiplication, rooting and ex vitro acclimatization. 

The Agrobacterium carrying the plasmid pBI121 was 
used for transformation studies (Figure 1). The T-DNA 
of the binary vector contains the nptll gene, driven by 
the nopaline synthase (nos) promoter and terminator 
sequence. It provides resistance to kanamycin which 
was used as a selectable marker. The uidA gene, driven 
by the cauliflower mosaic virus (CaMV) 35S promoter 
and nos terminator was used as a phenotypic marker. 
Bacteria were cultured overnight at 28° in liquid LB 
medium (1% tryptone, 0.5% yeast extract and 1% sodium 
chloride, pH 7.0) containing 50 mg/1 kanamycin and 25 
mg/1 rifampicin. The agro cells of 0.6 OD (50 ml) were 
pelleted at 4000 g for 5 min, resuspended and diluted 
in MS medium (50 ml). 

Kanamycin, a widely used marker for plant transfor¬ 
mation, can be phytotoxic and inhibit regeneration of 
transformed tissue. Experiments were conducted to 
determine the effect of kanamycin on morphogenesis. 
The effect of increasing kanamycin doses was evaluated 
using untransformed explants namely petiole, leaf and 
shoot tip explants cultured on regeneration medium 
containing 0, 10, 20, 30, 40, 60, 80, 100, 150, 200 and 
300 mg/1 kanamycin (10 explants/treatment). All the 
experiments were repeated thrice. 

Petiole, leaf and shoot tip explants from one-month-old 
in vitro proliferated cultures of G. hybrida were used 
for this study. MS medium^ was used as the basal 
medium, with BAP, kinetin (1 mg/1 each) and NAA 


(0.5 mg/1) as growth supplements for the regenerating 
plantlets. The medium contained 3% sucrose and 0,8% 
agar. In all cases pH of the medium was adjusted to 
5.8 prior to autoclaving for 15 min at 121 °C. Prior to 
transformation, the explants were pre-cultured on 
regeneration medium. After two days the explants were 
incubated for 5 min in an Agrobacterium suspension. 
They were blotted dry on Whatman No. 1 filter paper, 
placed on regeneration medium and incubated in dark. 
After 48 h of co-cultivation, the explants were washed 

2- 3 times in sterile MS, blotted dry, placed on regen¬ 
eration medium and kept in dark. Cefotaxime (400 mg/1) 
was used to suppress the growth of Agrobacterium and 
transformants were selected using 20 mg/1 kanamycin. 
The explants were subcultured onto fresh medium every 

3- 4 weeks. Regenerated shoots were transferred to MS 
medium containing kanamycin. Plantlets were considered 
kanamycin-sensitive if a newly developed leaf was 
mottled or bleached, or if there was no further growth. 
They were subsequently discarded. Elongated transgenic 
shoots were rooted on half strength MS medium sup¬ 
plemented with 40 mg/1 kanamycin and acclimatized 
plants were transferred to soil, 

Histochemical GUS assay was carried out according 
to the method of Jefferson et al}. Explants were incubated 
overnight at 37°C in a reaction solution of 1 mM X- 
GLUC, 0.05 M potassium ferricyanide, 0.05 mM potas¬ 
sium ferrocyanide, buffered with 50 mM sodium 
phosphate pH 5.7. The materials were bleached, fixed 
in ethanol and observed under microscope. 

DNA was extracted from transformed and un¬ 
transformed plants by the CTAB method according to 
Murray and Thompson^. The final DNA pellet was 
treated with RNAase-A, dissolved in Tris-EDTA buffer 
and stored at -20°C until further use. DNA-PCR 
amplification was carried out in a thermal cycler using 
primers for uidA and nptll. PCR was performed with 
Taq DNA polymerase and 25 ng of template DNA. The 
upstream primer of 5'-TTC GCC TCG GCA TCC GCT 
CAG TGG CA-3' and 5'GCG GAG GGG TAT CCG 
GTT CGT TGG CA-3', would yield a 500 base pair 
fragment of the uidA gene. PCR was performed initially 
for 5 min at 94°C, 35 cycles of melting (94°C 1 min), 
annealing (55°C 1 min) and synthesis (72°C 1 min). Two 
primers for nptll (5'-GAG GCT ATT CGGCTA TGA 
CTG-3' and 5'-ATC GGG AGG GGC GAT ACC GTA- 


ATG 



Figure 1. Schematic representation of pBI 121 plasmid. Abbrevation: nptll, coding region of the neomycin phosphotransferase gene; CaMV35S, 
cauliflower mosaic virus 35S promoter gene; nos-pro, nopaline synthase gene promoter; nos-ter, nopaline synthase gene terminator. 
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3') were used for amplifying a 700 bp product. Bangalore 
Genei Taq DNA polymerase (1 unit/50 |J.l reaction) and 
primers (0.25 |u,g/50 (il reaction each) were added. 
Amplification conditions were the same as above, but 
with annealing at 58°C, synthesis for 1.5min/cycle and 
final soaking at 72°C for 6 min after all the cycles were 
completed. Amplified DNA was detected by ethidium 
bromide staining after electrophoresis on 0.8% (w/v) 
agarose gel. About 20 |U,g of plant DNA was digested 
with Hindlll and EcdRl, fractionated by electrophoresis 
on 0.8% agarose gel, and transferred to Hybond-nylon 
membrane. Hybridizations were performed according to 
Sambrook et al."\ A 0.7 kb PCR fragment of the nptIL 
gene was used as a probe. Probe was labelled with 
[a-^^P]dCTP (Amersham) using a random-primed label¬ 
ling kit (Amersham). After hybridization at 58°C, the 
filters were washed at high stringency conditions (65“C, 
O.lxSSC, 0.5% SDS). 

In order to find out the appropriate selection conditions, 
kanamycin was tested in the regeneration medium. 
Though callus was produced from petiole, leaf and shoot 
tip explants on the medium supplemented with 40 or 
60 mg/1 kanamycin, the explants turned brown (data not 
shown). Hence kanamycin at a minimal concentration 


of 20 mg/1 was chosen as the selective factor in the 
transformation experiments and 40 mg/1 for rooting of 
transgenic shoots. 

After establishing the selection conditions, transfor¬ 
mation was performed to obtain transgenic plants. Petiole, 
leaf and shoot tip explants from 3 to 4-week-old, in 
vifro-proliferated, etiolated shoots were pre-incubated for 
48 h, infected with bacterial suspension, co-cultivated 
for 48 h and transferred to regeneration medium con¬ 
taining appropriate concentration of kanamycin and ce¬ 
fotaxime. Co-cultivation period beyond 48 h resulted in 
bacterial overgrowth and inhibition of callus formation 
and shoot regeneration. The explants were also bleached. 
The putative transgenic callus appeared 5 to 8 weeks 
after culturing the Agrobacterium-tr&aXed explants on the 
kanamycin medium. The transformation frequency was 
from 50 to 58% (data not shown). Transformed explants 
were transferred to fresh medium containing antibiotics. 
Shoots were regenerated from petiole (2.96%), leaf 
(0.44%) and shoot tip (17.0%) explants on MS medium 
(Figure 2 a) containing BAP, kinetin (1.0 mg/1 each) and 
0.5 mg/I NAA. Six transgenic plants were selected for' 
further analysis after being micropropagated on MS 
medium supplemented with 0.25 mg/1 BAP. The putative 



Figure 2. Regeneration and niicropropagation of transgenic plant.s of Gerbera hybrida. a. Regen¬ 
eration and multiplication of transgenic plant.s on kanamycin medium; 6, Root development in 
selection medium containing 40 mg/1 kanamycin; c, Tran.sgenic plant.-; showing characteristic blue 
colour of GUS; d, established plant in soil. 
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Figure 4. Southern blot analysis of DNA isolated from transformed 
and non-transformed gerbera plants. Lane 1, Positive control (pBl 121); 
Lane 2, non-transforraed negative control; Lanes 3-5, Transformed 
plants. Filter was hybridized against 700 bp of PCR fragment containing 
the nptW gene. 


Figure 3. PCR analysis of kanamycin-resistant transgenic plants show-' 
ing the presence of an expected fragment of {a) nptW (700 bp) gene. 
Lane I, Positive control; Lane 2, Negative control (non-transformed); 
Lanes 3-8, Transgenic plants; Lane 9, Molecular marker, {b) uidA 
gene (500 bp). Lane 1, Molecular marker; Lane 2, Negative control; 
Lane 3, Positive control, and Lanes 9-11, Transgenic plants. 

transgenic shoots and calli were transferred to antibi¬ 
otic-free medium before the analysis of GUS activity. 
Agrobacterium also did not appear on this medium after 
4-5 weeks of culture, indicating that no bacteria 
remained, which might interfere with the analysis. The 
individual shoots (> 3-4 cm in length) excised from 
putatively transgenic plants, developed roots (Figure 

2 b) in the presence of 40 mg/1 kanamycin. Rooted plan- 
tlets were transferred to half strength MS solution for 
about 10 days and then planted in Majenta box filled 
up to one third with autoclaved soilrite and successfully 
transferred to soil after acclimatization (Figure 2 d). 

Histochemical GUS assay was employed to determine 
the expression of uidA gene. Seven out of 59 kanamy¬ 
cin-resistant putative transformants gave positive results 
for GUS assay. Explants from control plants did not 
show the GUS activity. Some cultures showed a differ¬ 
entially stained pattern with some tissues exhibiting no 
detectable GUS activity and others showing a wide 
range of enzyme activity (Figure 2 c). The putatively 
transformed plantlets were subjected to PCR analysis to 
detect the presence of uidA and nptll genes. In the 
transformants with GUS activity, an expected fragment 
of 500 nucleotide uidA (Figure 3 b) gene was detected. 
An additional confirmation with PCR analysis of nptll 
was also done using appropriate primers. The nptll gene 
was observed from kanamycin-resistant plants and an 
expected fragment (700 base pair) of nptll gene (Figure 

3 a) was amplified in all transformed DNA samples. 
No amplification was found in non-transgenic plants. 
Southern hybridization was also carried out in order to 
further confirm the T-DNA integration. A 0.7 kb PCR 


fragment of the nptll gene was used as probe. The nptll 
fragment hybridized with DNA isolated from transgenic 
shoots and showed the signal at the expected size of 
3.0 kb, indicating that the T-DNA of pBI121 was present 
(Figure 4). There was no hybridization to the DNA 
isolated from nontransformed control plants. Digested 
total DNA isolated from Agrobacterium (pBI121) also 
showed hybridization signal at the expected size (Figure 
4), Six transgenic and five untransformed plants that 
were induced at the same time were transferred to pots 
containing soil. The transgenic plants showed normal 
morphogenesis. The results of our experiments indicated 
that transgenic plants were produced successfully using 
marker genes. This protocol could be used for introducing 
into gerbera, commercially important and horticulturally 
interesting genes that govern flower colour, longevity, 
creation of novel variation, insect and disease resistance. 
Further studies are required to produce viable seeds 
from transgenic plants for studies on heritability of 
introduced genes. 
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Influence of pressmud on the 
enzymatic variations in the different 
reproductive stages of Eudrilus 
eugeniae (Kinberg) 

L. S. Ranganathan* and S. P. Vinotha 

Department of Zoology, Annamalai University, 

Annamalainagar 608 002, India 

Posterior gut of reproductively active, clitellate stage 
of the compost worm Eudrilus eugeniae when reared 
in pressmud (a waste byproduct of sugar mill) exhibits 
enhanced amylase, protease, acid and alkaline phos¬ 
phatase and cellulase activity compared to activity 
of these enzymes observed in immature, pre-clitellate 
stage worms reared in the same media as well as in 
worms raised in cow dung. These enzymes activities 
are correlated to the significant growth exhibited by 
the clitellate stage. 

Earthworms, the most important soil invertebrates con¬ 
sidering the amount of soil they move through their 
body and in their effects in improving soil properties, 
rely on microorganisms, particularly fungi, as their pri¬ 
mary source of food' It has been recently shown that 
the clitellate stage of Eudrilus eugeniae reared in press¬ 
mud prey on and harbour more microorganisms^ Further, 
pressmud rich in organic matter (OM), nitrogen (N), 
phosphorus (P) and iron (Fe) has been shown to aid 
powth in terms of increased size with high fecundity 
in the clitellate stage"^. 

Our present knowledge of enzyme physiology related 
to reproduction and biomass formation is not adequate 
in the present context of sustained organic farming using 
vermitechnology. The present paper analyses the enzy¬ 
matic activities of the economically important compost 

*For correspondence. 


worm E. eugeniae during its different phases of repro¬ 
duction when the worms are reared in pressmud. 

30-day-old immature pre-clitellate worms and 45- 
day-old mature clitellate worms were reared in sepa¬ 
rate cement tanks 50x35x30 cm, each containing 
8 kg of feed with approx. 70% moisture, 29T±1°C, 
Two-month-old, weathered, dry pressmud and dried pow¬ 
dered cow dung was used as feed. Required water was 
sprinkled to maintain moisture. The worms were pre¬ 
adapted to these feeds for three days and then were 
allowed to grow for 10 days. Homogenate of anterior 
gut (5-100 segments) cleared of contents and posterior 
gut (101-205 segments) was made in buffer solution. 
After centrifuging the homogenate at 2000 rpm for 
15 min, the supernatent was used as an enzyme extract. 
The protein content of the gut homogenate was deter¬ 
mined by the method of Lowry et al^ using bovine 
serum albumin as standard. Amylase activity was meas¬ 
ured following the method of Raghuvamulu et al\ 
cellulase activity by the method of Malik and Singh'',’ 
protease activity by the method of Gowenlock^ and acid 
phospatase and alkaline phosphatase activities by the 
methods of Gutman and Gutman^'' and King and Arm¬ 
strong^” respectively. Statistical significance between an¬ 
terior and posterior gut and preclitellate and clitellate 
stage of worms was tested at 1% level. 

The activities of enzymes in the different regions of 
the gut of pre-clitellate and clitellate stages of E. eugeniae 
when fed on pressmud and cow dung are given in 
Table 1. Amylase, protease, acid and alkaline phos¬ 
phatase activities were higher in the posterior gut of 
reproducing, mature, clitellate stages of worms reared 
in pressmud compared to preclitellate stage reared in 
pressmud as well as compared to worms (both stages) 
reared in cow dung. 

Pressmud (OM 50%; N 1.2% and P, 2.9%) was earlier 
found^ to support better growth measured as length and 
weight than when raised on cow dung (OM, 47%, N 
1.1% and P 0,5%) in E, eugeniae. Significant growth 
and biomass was attained by this worm during sexual 
maturity (from 1500 mg to 3000 mg from day 30 to 
day 45) and probably this was supported by phenomenal 
increased activities of the amylase and protease in the 
clitellate, reproducing worm than pre-clitellate worms 
raised on pressmud as well as worms raised on cow 
dung (Table 1). 

Enzyme activity in worms is regionally specialized as 
in other animals and influenced by physiological state, 
age and microorganisms’h The observed highest enzy¬ 
matic activity in amylase followed by protease in the 
posterior gut of clitellate E, eugeniae raised on pressmud 
was likely due to (i) substrate availability, (ii) regional 
specialization, and (iii) enhanced presence of micro¬ 
organisms^ Higher protease activity in the posterior 
region of other worms was reported by Mishra and 
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Table 1. Variations of enzymatic activities in the gut of pre-clitellate and clitellate stages of Eudrilus eugeniae reared on 
cow dung and pressmud (values expressed as mg of starch hydrolysed/mg of protein/h (for amylase) mg of glucose 
released/mg of protein/h (for cellulase), millimoles of tyrosin released/mg of protein/h (for trypsin) and jamoles of phenol 

liberated/mg of protein/h (for acid and alkaline phosphatase) 


Substrates 


Cow dung 


Pressmud 

Enzymes 

Gut regions 

Pre-clitellate 

Clitellate 

Pre-clitellate 

Clitellate 

Amylase 

Anterior 

Posterior 

12.15 ±0.025 

19.21 ±0.039* 

22.27 ± 0.56* 
31±0.18* 

18.14 ±0.029 
31.17 ±0.013* 

26.56 ±0.45* 
64.7 ± 0.30* 

Cellulase 

Anterior 

Posterior 

1.54 ±0.03 

3.16 ±0.07* 

8.52 + 0.03* 

3.22 ±0.07* 

1.32 ±0.03 
1.57 + 0.01* 

5.91 ±0.01* 
2.84 ±0.03* 

Trypsin 

Anterior 

Posterior 

1.07 ±0.06 

1.98 ±0.01* 

1.66 ±0.01* 

3.27 ±0.05* 

2.21 ±0.03 
3.75 ±0.16* 

2.88 ±0.01* 
7.69 ±0.01* 

Acid phosphatase 

Anterior 

Posterior 

1.15 ±0.05 

1.54 ±0.04* 

1.43 ±0.04* 

1.87 + 0.02* 

1.77 ±0.08 
2.22 ±0.05* 

2.01 ±0.03* 
3.43 ± 0.04* 

Alkaline phosphatase 

Anterior 

Posterior 

0.526 ± 0.04 

0.57 ± 0.02* 

0.91 ±0.01* 

1.24 ±0.02* 

1.28 ±0.07 
1.50 + 0.03* 

1.84±0.01* 
2.89 ±0.02* 


Mean±S.E. indicates the mean of five observations, 
*Indicates significance at 1% level of t test. 


Dash'^ Acid phosphatase activity in earthworm is due 
to microorganisms and alkaline phosphatase is regarded 
as typical of earthworms’^. Enhanced phophatases coin¬ 
ciding with increased protein synthesis in earthworm 
Pontoscolex corethmriis^^ have been positively correlated 
to growth and differentiation. The enhanced phosphatase 
activity in the present study is not only due to the rich 
P content of pressmud but also due to presence of 
microorganismsand seems directly related to the sig¬ 
nificant biomass attained during 45-50 days which 
coincides with initial cocoon laying. 

The growth of earthworm has been shown to neces¬ 
sarily require cellulose (carbohydrate), microorganisms 
and grit’"’. The cellulase activity, like the other enzymes 
studied, was higher in clitellated worms. With maturity 
(clitellated worms) there was however a shift in region 
of higher cellulase activity. The anterior gut recorded 
significantly higher cellulase activity in the case of both 
the feeds, pressmud and cow dung. Further investigations 
are required to explain this adaptation. 
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Gene transfer in Indian major carps 
by electroporation 

T. Venugopal*, T. J. Pandian*^, S. Mathavan* and 
N. Sarangi^ 

^Department of Genetics, School of Biological Sciences, Madurai 
Kamaraj University, Madurai 625 021, India 
^Biotechnology Laboratory, Centra] Agricultural Research Institute, 
Port Blair 744 101, India 

The rainbow trout growth hormone gene has been 
successfully transferred into three species of Indian 
major carps rohu {Labeo rohita), mrigal (Cirrhinus 
mrigald) and catla (Catla catld) through electroporated 
sperm cell. At 0.5 kV/cm (25 fxF capacitance, a resis¬ 
tance, and 2 pulses) the gene transfer efficiency was 
25% for rohu, 23% for mrigal and 13% for catla. 
This is the first report on gene transfer in Indian 
major carps. 

Transgenic animals have been produced by introducing 
foreign DNA into the pronucleus of fertilized eggs; most 
authorshave chosen microinjection as the preferred 
method of transferring the gene. However, the presence 
of relatively small and invisible nucleus in fish 
egg surrounded by opaque yolk and tough chorion 
renders microinjection a difficult task'''. Further, ‘egg- 
microinjection procedures are time-consuming, laborious, 
species-specific and, in some cases, technically demand¬ 
ing’. Consequently, transgenic fish production using this 
method is ‘slow’ and may prove to be a ‘bottleneck to 
the exploration, expansion and realization of the full 
potential of this powerful technology’'. 

The second best method for transferring transgene 
into fish egg is electroporation'; this method is more 
suited for fishes with high fecundity. However, the use 
of electroporation for transferring the transgene into carp 
eggs encounters other problem. Since the carp eggs are 
larger (1.8 ±0.1 mm) than the eggs of medaka 
(0.9 ±1 mm)', the largest cuvette of the gene pulser II 
(0.4 cm gap. Call. No. 165-2088 of the Bio-Rad) can 
accommodate a maximum of about 50 eggs along with 
the buffer. Moreover, the eggs of carps, including the 
three Indian major carps, chosen in the present work 
are fragile and swell by 2-3 times following fertilization. 
Owing to swelling it is difficult to remove the eggs 
from the cuvette after the electroporation. Hence, only 
a few eggs can be electroporated at the given time and 
that the difficulty in withdrawal of the electroporated 
eggs owing to swelling and a high mortality (>95% 
even at 150V/cm) make electroporation technique not 
adequately suitable for carp eggs. 

Consequently, the sperm-mediated (sperm-electropora¬ 
tion) gene transfer technique is the next suitable technique 

'*For correspondence, (e-mail: mathavan@pronet.xlweb.com) 


for transferring gene into carp eggs. A series of publi¬ 
cations have clearly indicated that sperm cell could be 
used as a vector to transfer foreign DNA into the 
embryo'''^ and the internalization of DNA by sperm 
cells is enhanced by electroporation"’'“. Here we report 
transfer of foreign gene into the eggs of carps through 
sperm electroporation. 

Milt of the three Indian major carps (rohu: Labeo 
rohita-, mrigal; Cirrhinus mrigala-, catla; Catla catla) 
were separately stripped, diluted with Hanks buffer to 
4.0-5.0 X 10" cells/ml. The sperm cell suspension con¬ 
taining 100 (ig/ml of linearized pRSVrtGH DNA (rainbow 
trout growth hormone cDNA fused with the Rous sarcoma 
virus long terminal repeat)" was electroporated at 
500 V/cm, 25 pF capacitance, ct-resistance and 2 pulses, 
each pulse lasting for 0.6 ± 0.3 ms. Electroporated sperm 
cells were subsequently incubated on ice for 5 min and 
used to fertilize the cognate eggs; fertilized eggs were 
incubated in water at 25 ± 2°C. 

The eggs fertilized with electroporated sperm success¬ 
fully hatched 16-18 h after fertilization. The yolk sac 
was reabsorbed and the hatchling commenced feeding 
three days after hatching. The fry were reared in plastic 
troughs and fed ad libitum on pelleted feed. To know 
the efficiency of gene transfer into eggs fertilized by 
electroporated sperm, DNA was extracted from fry (two 
number of one-week-old individuals of mrigal and rohu, 
and single individual of two-week old catla) that hatched 
from the eggs fertilized with the electroporated sperm 
and analysed by slot blot hybridization. The whole carp 
juvenile was washed twice with saline and homogenized 
in extraction buffer [10 mm Tris.HCl (pH 8.0), 0.1 M 
EDTA (pH 8.0), 20 pg/ml pancreatic RNAase, and 0.5% 
SDS]. Proteinase K was added (100)j.g/ml) and the 
homogenate was digested at 50°C for 4 h. The digested 
homogenate was diluted to 500 p,! with distilled water 
and extracted thrice with Tris saturated phenol and twice 
with chloroform/isoamyl alcohol (24 : 1). DNA was pre¬ 
cipitated after adding 0.1 volume of 3 M sodium acetate 
(pH 5.2) and equal volume of isopropanol. DNA was 
pelleted at 10 k rpm for 10 min at room temperature, 
washed with 70% ethanol and air dried. DNA was 
dissolved in TE buffer checked on a 0.7% agarose gel 
and quantified by spectrophotometric method. 

For slot blot analysis, 5.0 pg of DNA was blotted 
onto a Hybond N''' membrane (Amersham) using a slot 
blot apparatus (Hoefer) by applying vacuum suction. 
The membrane was placed on a 3 MM Whatman paper 
soaked in denaturing solution (1.5 M NaCl, 0.5 M NaOH) 
for 5 min and transferred to 3 MM Whatman paper 
containing neutralizing solution [1.5 M NaCl, 0.5 M 
Tris.HCl (pH 7.2), 0.001 M EDTA] for 2 min. Air-dried 
membrane was baked at 80°C for 20 min. The membrane 
was prehybridized without formamide at 65°C following 
standard protocols''. The rtGH cDNA (970 bp) was 
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Figure 1. a, Slot blot analysis of DNA extracted from putative 
transgenic mrigal, rohii (5.0 fxg of genomic DNA from, two individuals 
of one week old in each slot) juveniles hatched from eggs fertilized 
with electroporated sperm. Lanes Al, A2 and A3: 1.0, 0.5, 0.25 )ig 
pRSVrtGH DNA (positive control); Lanes A4: DNA from Sham 
electroporated mrigal (negative control); Lanes A5-A12, B1-B12, and 
C1-C6: DNA from putative transgenic mrigal juveniles; Lane C7: 
DNA from sham electroporated rohu juvenile (negative control); Lanes 
C8-C12 and D1-D7: DNA from putative transgenic rohu juveniles, b. 
Slot blot analysis of DNA extracted from putative transgenic catla 
(5.0 pg of genomic DNA extracted from single individuals of two 
weeks old in each slot) juveniles hatched from eggs fertilized with 
electroporated sperm. Lanes Al, A2; 0.5, 0.25 pg pRSVrtGH DNA 
(positive control); Lane A3: DNA from sham electroporated catla 
juvenile (negative control); Lanes A4-A12, B1-B12 and CI-C3: DNA 
from putative transgenic catla juveniles. 

purified from pRSVrtCiH and 50 ng of DNA was labelled 
with dATP using random priming method'^ The 
membrane was hybridized at 65°C for 12 h and washed 
stringently as follows: once with 2xSSC-0.1% SDS, 
lxSSC-0,1% SDS at room temperature and twice 
with lxSSC-0.1% SDS at 65°C (each .for 15 min). 
The membrane was exposed to X-ray film at “70°C 
and the film was developed after 12 h. 

Figure 1 shows positive signals obtained from the 
DNA samples of mrigal, rohu (Figure 1 a) and catla 
(Figure 1 b) putative transgenic juveniles. Of the 26 
genomic DNA samples of mrigal subjected to slot blot 
analysis, three gave strong positive signals and the other 
three faint signals. Of the 12 rohu samples slot blotted 


Table 1. Survival of eggs fertilized with electroporated sperm 
cells and gene transfer efficiency 


Species 

Field strength 
(kV/cm) 

Survival 

(%) 

Gene 

transfer (%) 

Labeo rohita’^ 

0.50 

70 

25 

Cirrhinus mrigaki^ 

0.50 

50 

23 

Catla catla* 

0.50 

65 

13 

Brachydanio rerit/ 

0.50 

73 

8 

Cyprinus carpkP 

0.75-2.25 

_ 

3 

Oreochromi.s niloticus^^ 

0.75-2.25 

- 

3 

Clarigariepinns ’^ 

0.75-2.25 . 

- 

4 

Onenrhynchus tshawytschei^ 

0.65-1.15 

90-95 

<10 

Misgurnus anguillicaudalus^ 

80.0 

61-^7 

50 


* Present study. 


and probed, three gave light positive signals. Analysis 
of genomic DNA samples from 24 individuals of catla, 
only 3 slots showed faint positive signal. Clearly, the 
electroporation conditions used in this study were good 
enough to ensure gene transfer in the sperm of Indian 
major carps. The realized gene transfer efficiency was 
23%, 25% and 13% for mrigal, rohu and catla, respec¬ 
tively. These values are two times higher than those 
reported for Chinook salmon'^, and nearly 10 times higher 
than the values reported for common carp, tilapia and 
African catfish*^ (Table 1); a reason for the low efficiency 
in these species may be lower concentration of DNA 
(lOpg/ml; compared to 100|Lig/ml in the present study) 
used‘^ in electroporation solution. Although there were 
variations in the protocol, equipment and fish species 
used, it is interesting to note that a maximum of 15% 
efficiency has been observed in zebrafish^ using a 
very high DNA concentration (1000 |ag/ml). In the case 
of loach^"^, a maximum of 50% transfer efficiency 
was observed, despite a lower DNA concentration 
(1 1-ig/ml) used; this high percentage may be due to a 
high amplitude (80 kV/cm) used for electroporation. It 
is known that a high field strength facilitates enhanced 
uptake of DNA by sperm'^. The use of such high voltage 
for sperm electroporation is not possible for the three 
Indian major carps, as the motility and fertilizability of 
the sperm of these carps suffered drastically, when 
subjected to electroporation even at field strength higher 
than 500V/cm. The present work shows that for the 
efficient gene transfer into the sperm cells of carps, 
electroporation at the field strength of 500 V/cm is 
adequate. 
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Celebrating physics at Princeton 


Critical Problems in Physics. V. L. 
Fitch, D. R. Marlow, Margit A. E. 
Dementi (eds). Princeton University Press, 
41, William Street, Princeton, New Jersey, 
USA. Price: $ 24.95. 308 pp. 


This volume contains the proceedings of 
a physics conference held toward the end 
of 1996 at Princeton University as part 
of the 250th anniversary celebration of 
its founding. It contains 14 invited lectures 
on topics ranging from snowflakes (J. S. 
Danger) to string theory (E. Witten) and 
clearly, few readers will even attempt to 
absorb the whole. Granting this, one must 
say that many of the authors have made 
a conscious attempt to look beyond the 
confines of their specialization, commu¬ 
nicate at least to fellow physicists, draw 
lessons from the past and hazard guesses 
about the future. 

In the opening lecture, S. B. Treiman, 
goes over the record of the 200th anni¬ 
versary meeting held 50 years earlier and 
warns us how rapidly such exercises can 
be rendered obsolete by new develop¬ 
ments and perspectives (there was no hint 
in the 1946 meeting of the transistor, the 
laser,...). Interestingly, the participants 
in that meeting were deeply concerned 
with the effects of wartime secrecy and 
large scale projects dependent on gov¬ 
ernmental funding on the way physics 
would be done. One is not told expli¬ 
citly if these apprehensions have been 
realized. 

After this backward look, the next four 
presentations deal with the field which 
used to be called solid state physics but 
for which even the current catch-phrase 
‘condensed matter’ is bursting at the 
seams. Danger’s talk is a beautiful quan¬ 
titative and detailed analysis of snow¬ 
flakes but also a veiled warning against 
the prevailing, tendency to try and capture 
the richness of complexity in nonequili¬ 
brium systems in a few ‘universality 
classes’. This does not deter Hopfield 
from discussing ‘Dynamics, computation, 
and neurobiology’ from a physicist’s pers¬ 
pective. But in this kind of field, experi¬ 
ment is far ahead of theory, as made 
clear by Swinney’s talk on the emergence 
and evolution of patterns in driven dis¬ 
sipative systems. The behaviour of ball 
bearings in a sinusoidally shaken tray 


goes far beyond the wildest dreams of 
an ah initio theorist. 

Perhaps the same could be said about 
high temperature superconductivity, 
though the theorists have struggled vali¬ 
antly, both with the problem and with 
the scenario for a solution proposed by 
P. W. Anderson. His presence and anti¬ 
reductionist motto - ‘More is differ¬ 
ent’ “ clearly loom over the discussions 
of this and other topics. Since the subject 
is one which generates high temperatures 
in its own right, Ramakrishnan begins 
with the disarming disclaimer of being 
an ‘interested and occasional participant’, 
and then goes on to plant his feet firmly 
on the ground of experiment, with only 
the briefest of remarks on the highly 
contentious and seductively fascinating 
theoretical issues. The bottom line is that 
we may be opening Schrieffer’s ‘second 
book of solid state physics’ in a range 
of systems, many of them oxides, where 
the correlations between electrons are not 
just quantitatively but qualitatively 
important, and the single particle wisdom 
of decades is powerless. As a sidelight 
on globalization, Bangalore and Madras 
get to exchange views on superconduc¬ 
tivity in New Jersey! 

After Hillman’s four page appetizer on 
medical imaging come the cosmological 
challenges for the next century, from P. J. 
Steinhardt-does the universe have 
enough energy density to make it spatially 
flat? if not why not, and if so what kind 
of matter makes up the shortfall? These 
questions lead inexorably to deeper ones 
about physics at the Planck scale of length 
and time (10“^^ cm and s). The only 
firm prediction is that these will continue 
to be discussed at Princeton’s 350th birth¬ 
day party! 

In the same overall area comes the 
article by T. Damour on gravitation and 
experiment. While it reinforces the already 
widespread impression that Einstein’s 
theory has proved hugely successful, the 
limitations of existing tests and the 
motivation for seeking deviations (‘was 
Einstein 100 right?’) are well brought 
out. 

K. S. Thorne presents, with the clarity 
one expects, perhaps the greatest gamble 
that experimental physics is taking today. 
Ground-based laser interferometers are 
being constructed to detect the gravi¬ 


tational waves from compact binary stars 
in their death throes of spiralling in and 
coalescing, almost certainly to black 
holes. The word gamble is not meant to 
discount the years of meticulous study 
both of the detector concepts and the 
theory of the phenomenon itself. Another 
piece of globalization is the reference to 
the French/Indian/American consortium 
which is calculating the radiation reaction 
to the unprecedented accuracy which the 
success of the data analysis demands. 
The actual existence of these objects is 
not in doubt thanks to the discovery of 
the Hulse-Taylor binary pulsar which is 
a hundred million years from coalescence. 
Uncertainties about the numbers of such 
systems and the performance of the 
detectors in regimes of signal to noise 
yet unexplored still remain but the decade 
long, roughly half billion dollar projects 
are funded and going ahead. 

The remaining part of the book is 
devoted mainly to high energy physics. 
Perkins covers the topic of oscillations 
in the shadowy world of neutrinos, a 
world made real by truly heroic experi¬ 
ments starting with Reines and Cowan 
on neutrinos from reactors, Davis from 
the Sun, and Kamiokonde (this is the 
name of the detector!) which picked up 
the neutrinos from the supernova in 1987. 
What is fascinating is that newer experi¬ 
ments will test the oscillation concept 
decisively, with strong repercussions for 
models of particle physics. In a somewhat 
different vein, A. Tollestrup recounts the 
building of the Tevatron at Fermi lab near 
Chicago, still the biggest machine to hurl 
protons on fixed targets. One learns that 
it was both the first to use supercon¬ 
ducting magnets, and the last in which 
the conception and construction were 
dominated by a single physicist, R. R. 
Wilson. There is a telling picture of the 
lab director winding a magnet, and the 
mechanical, magnet, vacuum, and cryo¬ 
genic systems have truly mind-boggling 
specifications, especially when one reali¬ 
zes they were produced in bulk. This 
chapter is a must for anyone involved in 
a big project! 

Palmer and Gallardo look into the future 
of the concept of colliding beam ma¬ 
chines, including variants which might 
have sounded exotic only a few years 
ago, such as muons on muons and photons 
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on photons. Driving all this activity is 
the widespread success of, only matched 
by widespread dissatisfaction with, the 
standard model of particle physics. 
Everyone agrees that something new has 
to come up, be it relating to the Higg’s 
particle already present in the existing 
model, or to the supersymmetric partners 
which are required by the most popular 
extensions of the present model. Perhaps 
the greatest gamble by theoretical physicists 
is adherence to and indeed energetic pursuit 
of a model whose main merit, as the wags 
put it, is that exactly half of the predicted 
particles have been discovered. 

One needs to study the last two con¬ 
tributions to realize why this idea of 
supersymmetry is so compelling to 
theorists. Witten's overview is centred 
around the inner consistency and beauty 
of the ideas known collectively as string 
theory. One of the first lessons we learn 
is that strings - one dimensional objects 
in the place of the points of field 
theory - are just the motivation and the 
route to higher (and higher dimensional!) 
things. It is staggering to realize that old 
fashioned, i.e. pre-1995 string theory, 
regarded by many as too high in energy 
by 15 orders of magnitude to be of 
relevance to the highest energy accelera¬ 
tors, is regarded by the new breed of 
theorists as the low energy limit of the 
REAL theory. But let us remember that 
Einstein's theory of gravitation, which 
too started out as a quest for consistency 
and beauty, must have aroused similar 
feelings in its time, but is today an 
essential ingredient of something as mun¬ 
dane as global timekeeping! After this 
dizzying perspective, the book closes with 
F. Wilczek’s more down to earth views 
on the future of particle physics as a 
natural science. There have been many 
accounts of this material — the successes 
of the standard model, its unnatural fea¬ 
tures, attempts to cure these and their 
possible tests, implications for cosmology, 
etc. This account is at a level and length 
which may be just right for a readership 
outside the particle physics community. 
An interesting underlying theme is the 
strong influence of the condensed matter 
theorists’ experience with symmetries, 
phase transitions, collective excitations, 
effective theories incorporating what is 
relevant at a given scale, etc. Wilczek 
promises elaboration in a series of Ref¬ 
erence Frame articles in Physics Today 
which has indeed now just begun. 


The organizers of this meeting, and the 
authors of this book whom they invited, 
have taken on the increasingly difficult 
task of looking at all or at least much 
of physics as it stands today, with the 
courage to be selective and steer a course 
between superficiality and incomprehen¬ 
sibility. The fact that they have done 
their best still does, not guarantee easy 
reading, but the book will have something 
for most physicists. It will have very 
many things for those cursed with curi¬ 
osity but not blessed with infinite time, 
patience, and insight. Surely a good buy 
for any library which is used by serious 
students of contemporary physics. 

Rajaram Nityananda 

Raman Research Institute, 

Bangalore 560 080, India 


Darwin in 90 Minutes* John Gribbin 
and Mary Gribbin. Universities Press, 
3-5-819 Hyderguda, Hyderabad 500 029, 
India. 1997. Price Rs 45.00. Pbk. 80 pp. 

Mendel in 90 Minutes. John Gribbin 
and Mary Gribbin. Universities Press, 
3-5-819 Hyderguda, Hyderabad 500 029, 
India. 1997. Price Rs 45.00 Pbk. 78 
pp.MM 


In this new innovative series of books, 
two of which are reviewed here, John 
and Mary Gribbin narrate the lives and 
accomplishments of a number of eminent 
scientists from both the physical and the 
biological sciences. All these books follow 
a similar format. They begin with a brief 
chapter that very succinctly describes the 
academic environment in which these 
scientists began their career, and the 
influence that the leading thinkers of that 
time may have had on their work. An 
introductory chapter of this kind is 
important since these books would appeal 
not only to non-scientists, but also to 
specialists who may not remember what 
came before as well as they remember 
what came after! This is followed by the 
main chapter which thoroughly examines 
the life and work of the chosen protago¬ 
nist. What is most remarkable about this 


section is the careful attention that the 
authors give to the smallest details of 
the scientists’ personal lives. Knowledge 
of such details invariably provides insight 
into the motivations that must have con¬ 
tributed to their research as well. And 
all of this in about 60 pages of large 
easy-to-read script. Let me assure you 
this is no mean accomplishment. 

An afterword, as short as the introduc¬ 
tion, brings the account to a close. This 
section offers, in each case, a historical 
perspective of the academic aftermath that 
invariably followed such revolutionary 
thinking. A notable exception is that of 
Mendel, whose achievements in plant 
genetics were ‘rediscovered' almost a 
quarter of a century after he finished his 
work. Finally, a table, common to all the 
books, provides a chronological ‘history 
of science’ from the construction of the 
famous observatory of Stonehenge in ca. 
2000 BC to the tentative discovery of 
microscopic life in a Martian meteorite 
in 1996. Given the remarkable enthusiasm 
of the Gribbins, historians of our science, | 
they obviously have a lot of work ahead I 
of them! | 

To turn to the two texts in hand, there | 

is much that I learnt about the two | 

arguably greatest biologists of our times. | 
Small details like how Darwin almost | 
became a clergyman so that he could 
lead a comfortable life and how Mendel 
almost did not become one. How 
Mendel’s actual fame as a meteorologist 
and astronomer may have prematurely 
terminated the recognition of the funda- | 
mental importance of his genetic experi¬ 
ments in his lifetime. How Darwin and 
Mendel came tantalizingly close to each 
other (different towns in England at the ! 

same time) but managed to never meet. j 

How Darwin.. and Mendel did read of ' 
each other’s work but how their impli¬ 
cations for each other’s theories com- I 
pletely escaped them both. It is amazing I 
to rediscover how, like the phenomena ! 
of genetic recombination or evolution by 
natural selection, chance affects great 
scientific discoveries as profoundly as 
well. 

The books also contain a wealth of 
personail detail. One thus learns of 
Darwin’s realization that the person who ; 
would be most affected by his theoiy 
was his conventionally religious wife, ,1 
Emma. Or, that Mendel was so wonderful 
and kind-hearted a teacher that he always 
passed his scores of students-his 
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argument being that it was better that he 
cultivate an enthusiasm for science in 
them rather than promote mechanical 
learning by rote. I was also struck by 
certain insightful observations that the 
authors make. A notable example of this 
is their evaluation that Mendel was ahead 
of his time not so much in his ideas but 
more in his absorption of the pain¬ 
stakingly accurate methods of experimen¬ 
tal physics into botany. Enlightening 
ideas, entertaining books. 

My only reservation about the biogra¬ 
phies, however, is that they focus more 
on the lives of the scientists than their 
academic achievements. In all fairness to 
the authors, this may have been inten¬ 
tional. It would also not have been 
possible to maintain the easy accessibility 
of these books if they were to describe 
scientific work in any great detail. They 
should thus be considered more as easy 


introductions into the lives and times of 
these great thinkers. 

John and Maiy Gribbin have contri¬ 
buted immensely to the popularization of 
science. In a scientific world that is 
becoming increasingly technical, jargon- 
filled and apparently out-of-reach, this 
scientist-teacher-writer couple has en¬ 
couraged the interested lay majority not 
to be unfairly left behind. Their writings 
in pursuit of the marvellously contorted 
paths of scientific endeavour have en¬ 
compassed a search for Schrodinger’s cat 
and a journey down a DNA double helix; 
they have written about clouds, about 
comets, and provided glimpses into the 
life of Richard Feynman. Let me, there¬ 
fore, express my admiration for their 
versatility and my appreciation of their 
work, an appreciation that deepens from 
the embarrassing recognition that many 
of us, so-called working scientists, have 


never bothered to undertake a similar 
exercise —a debt that we also probably 
owe society. 

A word of thanks also to the Univer¬ 
sities Press who have provided us with 
this excellent series of biographies at very 
reasonable cost in an increasingly expen¬ 
sive world. I could also find only a single 
typographical error pointing to the pain¬ 
staking effort that must have been put 
into the publications. It can only be hoped 
that our schools and colleges will avail 
of them and thus provide an inspiring 
glimpse to our students of how our lives 
came to be what they are today. I am 
sure the Gribbins would approve. 

Anindya Sinha 

National Institute of Advanced Studies, 
Indian Institute of Science Campus, 
Bangalore 560012, India 


INDIAN INSTITUTE OF TECHNOLOGY 

BOMBAY 

Office of the Dean (R&D) 

Powai, Mumbai 400 076 

Applications are invited jErom citizens of India for a JRF position in the Board 
of Radiation and Nuclear Science-sponsored research project undertaken at the 
Biotechnology Center. The position is tenable for two years. Only candidates 
holding a M.Sc. degree in Biochemistry/Biotechnology/Microbiology with a mini¬ 
mum of first class are eligible. Experience in yeast genetics and molecular 
biology is desirable. Candidates may apply on a plain paper stating the name, 
date of birth, permanent and mailing address, details of academic qualification 
and experience with copies of certificates, so as to reach The Dean (R&D), 
IIT-Bombay, Powai, Mumbai 400 076, on or before 31 May 1998. 
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INDIAN INSTITUTE OF TECHNOLOGY - MADRAS 

Applications are invited for two posts of Project Officer Gr ll/Project Associate Gr I 
for the research project ‘Finite Element Analysis of Acoustic Fluid-Structure Interaction’ 
funded by Naval Research Board in the Ocean Engineering Centre. Appointments 
will be initially for one year and will be extended for two more years depending 
on the performance. The consolidated pay will be in the range Rs4400 to 7500 
pm (+fixed Rs500 towards compensation for accommodation) for Project Officers 
and Rs3500 to 6500 pm (+fixed Rs400 towards compensation for accommodation) 
for Project Associates. 

The candidate for Project Associate should have B.E. (I class) and that for Project 
Officer should have M.E. (I class) or B.E. (I class) with 2 years research experience. 
It is desirable that the candidate has good exposure to finite element structural 
analysis and programming and has strong motivation to carry out research in this 
area. 

Application on plain paper giving the curriculum vitae (educational qualification, 
professional and research experience, etc.) should reach Prof. C. P. Vendhan, Ocean 
Engineering Centre, Indian Institute of Technology-Madras, Chennai 600 036 within 
twenty days of publication of this advertisement in Current Science. Outstation 
candidates are eligible for 2nd class to and fro train fare reimbursement. 


Centre for Cellular and Molecular Biology 

(Council of Scientific and Industrial Research) 

Hyderabad 

Applications are invited for the award of Junior Research Fellowships in 
Biochemistry and Biophysics, Molecular Biology, Cell .Biology, Genetics and 
Evolution, Biomedicine and Biotechnology. 

Candidates with M.Sc. in Biological or Physical Sciences, MBBS, with 
consistently first class academic record can apply. 

Selected candidates are required to clear NET Examination. 

For format of application and other details, please refer to Employment 
News dated 21-27 March 1998 or write to Senior Controller of Administration, 
Centre for Cellular and Molecular Biology, Uppal Road, Hyderabad 500 007, 
with Rs4 stamped self-addressed envelope (20x13 cm). Last date for 
receipt of filled-in applications is 30 April 1998. 
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THE INSTITUTE OF MATHEMATICAL SCIENCES 
CIT CAMPUS, TARAMANI 
CHENNAI 600 113 


The Institute of Mathematical Sciences is a National Institution of higher 
learning whose primary purpose is to foster high quality fundamental research 
in frontier disciplines of the Mathematical Sciences. It is an autonomous body 
funded by the Department of Atomic Energy of the Government of India 
and the Education, Science and Technology Department of the Government 
of Tamil Nadu. The Institute follows the Central Government pattern of 
service conditions. 

The Institute is looking for a person for the position of Chief Administrative 
Officer, who as head of administration and accounts, will have rapport with 
the academic staff members and will provide responsive administrative support 
to the development activities of the Institute. 

The person should be a graduate of a recognized university with adequate 
knowledge of Goverrunent of India and autonomous body rules and regulations 
with exposure to administration, finance and accounts. Experience in computer 
techniques and their applications vyould be an added advantage. He should 
have a minimum experience of 15 years in responsible administrative positions, 
of which a minimum of 5 years should be in a position in the revised scale 
of pay of Rs 10,000-325-15,200 or equivalent. The preferred age of the candidate 
should be around 48 years. However, this can be relaxed in case of deserving 
candidates. 

The revised scale of pay for the post of Chief Administrative Officer is 
Rs 12,000-375-16,500 plus allowances admissible to Central Government 
employees stationed at Chennai. Higher scale of pay may be considered for 
a specially deserving candidate. Residential accommodation wiU be provided 
to the selected candidate, if required. 

Persons in service with Government, Semi-Government, Public Sector and 
Autonomous Bodies should send their applications through proper channel. 

Application on plain paper with complete bio-data of the candidate, super¬ 
scribing the envelope for the post applied, should reach the Director of the 
Institute on or before 30 April 1998. 
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THE PROF. T. N. ANANTHAKRISHNAN 
FOUNDATION 


Nominations are invited for THE PROF. T. N. ANANTHAKRISHNAN AWARD from 

Indian scientists below 40 years (as on 31 December 1997) for his/her contributions 

to Entomology, for the work done in India. 

1. Vice-Chancellors/Directors of research institutions/Principals of Colleges/Heads of 
Departments can nominate suitable candidates for the award. 

2. A brief note (500 words) on the achievements of the candidate should be enclosed 
ailong with the nomination. 

3. Four sets of publications of the nominee, published in the last 10 years in support 
of nomination should accompany the nomination papers. 

4. An independent jury consisting of three eminent entomologists of India, constituted 
by the Trustees of the Foundation, will evaluate the nominations and select the 
awardee. The jury’s decision shall be final. 

5. The award consisting of Rs 5000 in cash, a silver plaque, and a citation will be 
presented in a simple public ceremony. (Date and the venue will be notified later.) 

6. Complete nominations vdth all enclosures must reach the Secretary, Prof. T. N. 
Ananthakrishnan Foundation on or before 30 June 1998. For further details, please 
contact: Prof. M. C. Muralfrangan, Secretary, G.S. Gill Research Institute, Guru 
Nanak CoUege, Chennai 600 042. 


DEPARTMENT OF CHEMISTRY 
UNIVERSITY OF DELHI, DELHI 110 007 

Applications on plain paper giving details of qualifications and experience, if any, are 
invited by the undersigned by 30 April 1998, for the following posts in the research 
projects as under: 

DBT Research Project ‘Particulate Carriers for Targeting Mammalian Cell types using 
Nanotechnology’ and DST Research Project ‘Entrapment of Enzymes and other Proteins 
in ultrafine Ceramic Nanoparticles - A Novel Approach in Drug Delivery Research’. 

1. Research Associates: Ph.D. in Chemistry/Life Sciences/Biotechnology or equivalent 
with research experience in Liquid Interface Chemistry/Enz 5 ane Kinetics/Drug Deli¬ 
very/Pharmaceutical Sciences or related areas. Emoluments: Rs 2800-100-3300 p.m. 
+ HRA as per rule. Higher emolument may be given to the deserving candidate as per 
rule. 

2. Junior Research Fellows: M.Sc. in Chemistry/Life Sciences/Biotechnology/Pharmacy 
or equivalent with NET/GATE cleared. Suitable non-NET/non-GATE candidates may 
be appointed as Project Assistants in case qualified persons are not available. 
Fellowship: Rs 2500 p.m. + HRA as per rule. Project Assistant: Rs 1800 p.m. (fixed). 

The above projects are related to the development of pol 5 uneric as well as ceramic 
ultrafine nanoparticles with a view to studying the in vitro and in vivo drug delivery 
and targeting. 

3. Lab. Attendant: Higher Secondary (Science) with experience in Chemistry Laboratory. 
Salary, Rs 2000 p.m. (fixed). 

All the above scales are likely to be revised upwardly. 

Professor Amarnath Maitra 
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In this issue 


Of beetles and biodiversity 

There are scientists who choose 
well-defined areas of research and 
take rapid strides down the road, 
discovering and inventing as they 
go, but seldom looking back. And 
there are scientists who dream of 
nebulous worlds to discover - their 
paths are never straight, they stop 
occasionally and look around as a 
passing idea catches their fancy and 
then wander on. 

K. N. Ganeshaiah is one of the 
latter. As almost everyone who 
knows him will confirm - what often 
begins as a simple statement, if Ga¬ 
neshaiah is present, soon becomes a 
major discussion and finally, an il¬ 
luminating paper! In this issue (page 
656), an extremely famous comment 
by J.B.S. Haldane has successfully 
given rise to an interesting discus¬ 
sion on species diversity and how it 
can be evaluated. On once being 
asked what struck him most about 
God, Haldane replied ‘an inordinate 
fondness for beetles’. He was, of 
course, referring to the amazing 
number of beetles that exist - almost 
one out of every four species that 
share this planet with us is a beetle! 
Ganeshaiah takes Haldane very seri¬ 
ously and investigates the diversity 
that this group of insects actually 
presents in a variety of ways. In the 
course of this journey, what he dis¬ 
covers is that although species of 
beetles far outnumber those of any 
other kind of insects, the number of 
families in which they can be further 
classified is not that high. What this 
implies is that the very large number 
of beetles that have evolved differ 
only slightly from each other, indi¬ 
vidual species of the smaller num¬ 
bers of flies differ much more 
greatly. If one thus picks two ran¬ 
dom species of beetles and two of 
flies, the probability and extent to 
which each member of the pair will 
differ from the other is likely to be 
higher for the flies rather than for 


the beetles. In this sense at least, 
beetles are not so diverse after all! 

Ganeshaiah (and admittedly, his 
other entomologist friends) then 
made a search for features that have 
not only ensured the evolutionary 
abundance of beetles but have al¬ 
lowed this extremely successful 
group of insects to coexist with each 
other. Although they could not find 
any as yet, the important point is 
that a start has been made. 

What implications does this dis¬ 
cussion hold for our understanding 
of biodiversity? It is clear that bio¬ 
logical diversity does not depend 
only on the number of species that 
constitutes a group, but also on the 
extent of variation that is present. 
And any measure of biodiversity has 
to necessarily consider these before 
a clear picture can emerge. In a 
world that is increasinglly waking 
up to the threat of its rapidly- 
dwindling number of life forms, it is 
imperative that we define clearly 
and examine thoroughly what we are 
about to lose. So that we can protect 
it better. And people like Gane¬ 
shaiah are clearly showing the way. 
One wishes that J. B. S. Haldane 
was here. 


The first Indians 

‘Unity in diversity’ has always been 
a watchphrase for this great nation 
of ours, the wonder that is India. If 
one would like to argue against this 
concept, one needs to look no fur¬ 
ther than at her people (excluding 
politicians, of course!). From muted 
shades to dazzling colours, from 
languages rich in person, number 
and gender to those without them, 
from food cooked invariably in co¬ 
conut oil to a marked preference for 
mustard oil - all that one sees 
around is splendid diversity. Why 
are we so different from each other? 
What physical and cultural forces 
did our forefathers experience that 


made their children look so differ¬ 
ent? Look at life so differently? We 
do not know the answers yet, but 
what is perhaps possible is to look 
back far enough and try to see where 
it may have all begun. 

On page 661 of this issue, is an 
illuminative review. Barnabas and 
Suresh take us back to the time 
when two waves of human migra¬ 
tions reached India. Both these 
groups of people were possibly 
farmers but they spoke differently - 
languages that were later to be 
called Dravidian and Indo- 
European. In an effort to trace the 
roots of these peoples, the authors 
had earlier analysed the structure of 
mitochondrial DNA of several pres¬ 
ent-day Indian populations. The 
mitochondrial DNA molecule is an 
unusual one inherited only from the 
mother and thus, one that can be 
effectively used to trace one’s ma¬ 
ternal ancestry. Combining evidence 
from linguistic sources as well as 
their DNA analysis, these authors 
finally suggested that both migrant 
populations were possibly of Cau¬ 
casian stock and from Central Asia. 

That study and several later ones, 
howver, rather surprisingly, also 
discovered the existence, within 
these groups, of mitochondrial DNA 
which was typical of Oriental popu¬ 
lations rather than Caucasian. What 
is even more interesting is that it 
became possible to identify two 
kinds of Oriental DNA molecules - 
one more primitive, and the other 
derived from it - and this led to the 
discovery that while Indian popula¬ 
tions had a very high proportion of 
the primitive molecule, people in 
south-east Asia were richer in the 
derived form. This, together with the 
fact that the Oriental DNA molecule 
has been identified in both Indo- 
European and Dravidian language 
speakers, seems to not only establish 
that a ‘proto-Indian’ stock possibly 
existed before the two later migra¬ 
tions came into the subcontinent, but 
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also that this stock may have given 
rise to the people who later colo¬ 
nized south-east Asia. Support for 
this comes also from the work of the 
legendary Luca Cavalli-Sforza and 
his associates who have been able to 


detect one such migration that pre¬ 
dated the Caucasian one. This was 
probably the original migration that 
began in Africa, the cradle of all 
humanity, when the first modern 
human beings gradually began to 


move eastward spreading across 
Asia, about 40,000 years ago. The 
first Indians had finally come to 
stay. 


Anindya Sinha 
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Science in India 


This refers to the article ‘Science in 
India: 1947-1997’ by Avinash Khare 
(Curr. ScL, 1998, 74, 191). Fifty years 
have passed since India got independ¬ 
ence and we are celebrating the golden 
jubilee of our freedom. This may be the 
appropriate time to look back and exam¬ 
ine whether we have fared well or badly 
in the last fifty years. In India we have 
had a rich tradition of teaching and 
learning in the past and we have a glori¬ 
ous history. On this auspicious occasion 
when the Indian state is fifty, science 
should have been getting good coverage 
in the media. Unfortunately it is a pity 
(on the part of science) that excepting a 
few instances, the picture is the oppo¬ 
site. Avinash Khare, whose initiative 
can be seen as an effort to remedy the 
present situation, has come up with 
some notable points and suggestions. 
The foundation of the Indian Associa¬ 
tion for Cultivation of Science in Cal¬ 
cutta by Mahendra Lai Sircar in 1876 
during British India is seen as a pioneer¬ 
ing endeavour for the promotion of sci¬ 
ence in the country. At this institute, 
C. V. Raman worked for a notable pe¬ 
riod of time while he was in the ac¬ 
counts service. The vice-chancellor of 
the Calcutta University, Asutosh Muk- 
herjee played a key role in encouraging 
original research by C. V. Raman, M. N. 
Saha, S. N. Bose, P. C. Mahalanobis 
and S. K. Mitra. P. C. Ray who in the 
true sense was an Indian chemist, estab¬ 
lished the Bengal Chemical and Phar¬ 
maceutical Works, as an indigenous 
venture to move towards self-reliance in 


industry. Raman, Saha and Bose are of 
course the torch-bearers of Indian sci¬ 
ence. Raman was awarded the Nobel 
Prize for Physics in 1930 for his discov¬ 
ery of what is now well-known as Ra¬ 
man Effect. He was the first Asian to 
have received this award and since then 
over 6000 research papers have been 
published throughout the world on the 
Raman Effect. Raman set up an institute 
in Bangalore which is now called the 
Raman Research Institute. Saha is 
known for his theory of thermal ioniza¬ 
tion. He established the Saha Institute 
of Nuclear Physics in Calcutta. S. N. 
Bose is known for his work on the 
Bose-Einstein condensation. Bose has 
sometimes been called as the Einstein of 
India (his work though deserving a 
Nobel Prize was overlooked due to 
some technicality). The mathematical 
genius of Ramanujan, who had no uni¬ 
versity education, was introduced to the 
world by G. H. Hardy. 

Nehru, the first prime minister of in¬ 
dependent India was a man of scientific 
outlook and rational thinking. He felt 
that India could make rapid progress 
only by adopting science. It was due to 
his patronage and the great foresight of 
Homi Bhabha, Vikram Sarabhai and 
others that India today has a recogniz¬ 
able position in space and nuclear sci¬ 
ence on the world stage. S. S. Bhatnagar 
was the founder-director of the Council 
of Scientific and Industrial Research 
(CSIR) which is the largest scientific 
body with 40 laboratories. These labora¬ 
tories are working in a wide variety of 
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fields, rh the field of health and medi¬ 
cine, we have made admirable progress. 
The life expectancy which at the time of 
independence was around 31 years, has 
now risen to 62 years. A lot of diseases 
have been eradicated or controlled. We 
now have our own life-saving drugs and 
vaccines. In the last two decades we 
have developed nearly 90 new medi¬ 
cines. The Central Drug Research Insti¬ 
tute, Lucknow has developed the first 
non-steroidal oral contraceptive in the 
world which is marketed by the name of 
‘Saheli’ (one notable aspect of the drug 
is that it has to be taken once in a week 
rather than daily). This institute has 
developed a memory enhancing-drug 
from Brahmi (Hydrocotyl asiatica) and 
a cholesterol-reducing drug from the 
extracts of gugul {Comifora mukul). 
Chitra, the indigenously developed arti¬ 
ficial heart valve is 10 times cheaper 
than the imported one. In the field of 
advanced computing, we have now our 
own supercomputer called ‘Param’ 
which is designed and fabricated by the 
Centre for Development of Advanced 
Computing (C-DAC) based at Pune. 

We are moving towards complete self 
reliance in the field of nuclear technol¬ 
ogy. We are able to design and operate 
atomic reactors. In chemical industries, 
India is the fifth ^ largest chemical- 
producing country. So far as space sci¬ 
ence is concerned, we are capable of 
sending satellites with our own launch 
vehicles. In remote sensing, we have 
mastered the field and are now selling 
data to the USA. We are just a few nuts 
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and bolts away from making our cryo¬ 
genic rocket to launch communication 
satellites in a geosynchronous orbit at 
an altitude of 36^500 km. India has en¬ 
tered the commercial market as a pro¬ 
vider of launching facility. One cannot 
forget the painful memories of food 
scarcity in the country and subsequent 
import of the food grains to meet its 
need in the decades of fifties and sixties 
(under PL‘-480'‘from US). Now after 


independence, we have increased our 
food grains production by a factor of 
four. This miracle has been possible due 
to the green revolution and the role of 
agricultural scientists has been admira¬ 
ble in this regard. The story of striving 
hard and succeeding has been long. I 
appreciate the balanced and unbiased 
view of Khare while journeying through 
the science lane. I would request Cur- 
rent Science to publish invited articles 


from experts in various disciplines of 
science. 

Krishna Kumar Mishra 

Homi Bhabha Centre for Science 
Education, 

Tata Institute of Fundamental Research, 
Mumbai 400 088, India 


Declining interest towards science research 


The recent article by Kumar et al 
(Curr. ScL, 1998, 74, 20) regarding 
declining interest of the younger gen¬ 
eration towards a science research ca¬ 
reer is both interesting and painful. No 
country in the world can progress, es¬ 
pecially not a country like India if its 
scientific manpower is not developed. 
Science research is thwarted because of 
lack of interest in it. 

Though the authors of the cited article 
have dwelt with the pre- and post¬ 
doctoral research students, I must say 
that the overall interest in science and 
science education have unfortunately 
decreased. The number of students who 
qualified in the NET test conducted by 
CSIR for science subjects from the 
western region of India is very low. 
From Gujarat only about 20 students 
have qualified in NET in Chemistry in 
the last 12 years. For Madhya Pradesh 
and Rajasthan, the results are not much 
different. There are various explanations 
for such dismal results and most of them 


are associated with the socio-cultural 
conditions of the region. 

This year, i.e. in 1998, about 1.95 
lakh students will appear in higher sec¬ 
ondary examination in Gujarat. Only 
22% of them will be in science. The 
average passing rate in the last five 
years has been approximately 48%. This 
means that about 20,000-21,000 stu¬ 
dents will flock to the colleges. There 
are about 6500 seats for professional 
courses (i.e. medicine, engineering, 
pharmacy, etc.) in the state. The top 
students among the successful candi¬ 
dates of the higher secondary examina¬ 
tion prefer to go to these courses. The 
rest come to science courses. Our expe¬ 
rience shows a large drop out rate. In 
MS University, in last five years, the 
total intake remained the same for 
F.Y.B Sc course when none who wanted 
to join and live in and around Baroda 
was refused admission. Another interest¬ 
ing feature is that every university gets 
almost 10 applications for each 


available seat for their M Sc Chemistry 
courses. However after admission test 
and interview we have found it very 
difficult to fill up the seats. Even at M Sc 
the drop rate is about 20%. Personal dis¬ 
cussion indicates that very few students 
prefer science research as a career. 

The above facts are true for almost all 
universities in the western region. The 
overall picture, however, is similar all 
over the country. It should be noted that 
even in the USA, there is a declining 
tendency of science students doing 
Ph D. It shows the decrease of interest 
in science as a career (C&EN, 26 August, 
1996). The above facts should be seen in 
the background of population increase 
particularly in India. I hope the education 
ministries of various states as well as of the 
centre will take timely action. 

A. K. Rakshit 

Department of Chemistry, 

MS University, 

Baroda 390 002, India 


Assessment of health risk 


Ramola et aO have come to an utterly 
sensational and speculative conclusion 
on the basis of a jerky and out-dated 
model^. They calculate an estimated 
risk of lifetime lung cancer due to envi¬ 
ronmental radon exposure for a total 
population of Garhwal area under study 
to be 0.68%. The mean relative loss of 
life expectancy is estimated to be 


0.26%' for chronic exposure at the 
measured radon level. They observe that 
the radon values (104Bq/m^ for ce¬ 
mented houses and 123 Bq/m^ for mud 
houses) inside the dwellings are higher 
than the international recommended 
values. 

All these conclusions are flawed in 
view of ICRP recommendations^’"^. The 


authors did not bother to use risk pro¬ 
jection models for lung cancer based on 
later epidemiological studies^■^’^ 

Using the radon data of the authors 
and multiplicative projection models 
for lung cancer risk co-efficient^ the 
calculated risk of radon-induced lung 
cancer for a mean annual exposure 
of 0.74 WLM works out to he 
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3.0 X 10‘‘* X 0.74 = 0.022%, which is 
nearly 30 times lower than the value 
(0.68%) calculated by the authors. 

It is also recommended'^ that some 
remedial measure against radon in 
dwellings is justified above an annual 
effective dose of 10 mSv corresponding 
to a radon concentration of 600 Bq/m^, 
an annual occupancy of 7000 h and an 
equilibrium factor of 0.4. Hence, the 
area under investigation by the authors^ 
is quite safe for human habitation and 
the lung cancer risk estimates of the 
authors need a fresh look in view of the 
latest ICRP recommendations^’'^. 


1. Ramola, R. C., Kandari, M. S. and 
Rawat, R. B. S., Curr. Sci., 1997, 73, 
771-774. 

2. Harley, N. H. and Pasternack, B. S., 
Health Phys., 1981, 40 , 307. 

3. ICRP Publications 60, Ann. ICRP, 1991, 
21 . 

4. ICRP Publications 65, Ann. ICRP, 1994, 
23, 1-45. 

5. Jacobi, W., Br. Inst. Radiol. Rep., 1991, 
no. 22. 

6. Jacobi, W., Proceedings of the Interna¬ 
tional Conference on Radiation Effects 
and Protection, Ibaraki, Japan, 18-22 
March 1992. 

H. S. ViRK 

Department of Physics, 

Guru Nanak Dev University, 

Amritsar 143 005, India 

The authors reply: 

This is in response to comments of Virk 
on our paper^ It is reported in the 
comments that our conclusions are 
flawed in the view of ICRP (1994) rec¬ 
ommendations^. We completely disagree 
with this statement as these recommen¬ 
dations are well considered along with 
the other values reported by various 
workers based on the data from different 
parts of the world. There seems to be 
confusion between mean lifetime lung 
cancer risk and nominal fatality 
(detriment) risk coefficient for the expo¬ 


sure to radon progeny. In our research 
communication we have calculated the 
mean lifetime lung cancer risk coeffi¬ 
cient for the population of the study 
area. This value is comparable to the 
values observed by ICRP (1994). The 
ICRP (1994) has recommended the 
mean risk coefficient 0.0134 (1.34%) 
per WLM based on the calculation from 
different relative risk projection models, 
proportional hazard models and do¬ 
simetric approach. Based on ICRP rec¬ 
ommendations, the calculated value for 
study area for a mean annual exposure 
of 0.74 WLM works out to be 
1.34 X 0.74 = 0.99%. This value is 
higher than the calculated value of 
0.68% for the same area^ and is well 
within the comparable limit. 

The ICRP (1994) used epidemiologi¬ 
cal data of uranium miners to arrive at a 
fatality risk coefficient of 3 x lO"'^ per 
WLM. This coefficient is extrapolated 
from the mean risk coefficient derived 
from the different studies, because the 
risk experience of these studies is yet to 
be completed, i.e. many of the miners in 
the analysed data are still alive. ICRP 
(1994) examined three multiplicative 
risk models to estimate the lifetime 
probability of fatal lung cancer attribut¬ 
able to chronic exposure of radon prog¬ 
eny from age 18 to 64. As such, the 
fatality risk coefficient is different from 
the mean lifetime risk coefficient and 
will produce a different (low) value. 

In addition, as already reported in our 
article^ (the calculated value of the 
dose, lung cancer risk and attributable 
loss of life expectancy for the present 
study are totally based on the available 
models used for similar study of differ¬ 
ent places in the world. These values are 
recorded above the recommended levels. 
As such these values cannot be taken as 
reference but maybe used as guidelines 
to initiate further studies, especially on 
the real radon-induced lung cancer inci¬ 
dence and epidemiological studies to 
formulate a new model for this area), no 
conclusions have been drawn. We need 
to formulate a new model for radon- 


based lung cancer risk after making the 
necessary corrections for the expectancy 
and the base line data of normal lung 
cancer for Indian population. However, 
these results may be used as a guideline 
for estimating the natural background 
radiation risk to Indian population. 

Regarding the level of the risk of lung 
cancer due to exposure of radon and its 
daughters in the area under investiga¬ 
tion'^, it is too early to reach at any final 
conclusion. It is pointed out in the 
comments that the area is quite safe for 
human beings but our recent studies 
show that there are some pockets in the 
area having high radiation background. 
We are using both the active and pas¬ 
sive methods for the measurement of 
radon in drinking water/groundwater, 
soil and indoor air. Until now we have 
observed that the radon value varies 
from 1.0 to 880 Bq/1 (ref. 4). 1.0 to 
57.0 kBq/m‘' (ref. 5) and 27 to 
784 Bq/m^ (ref. 6). in drinking wa- 
ter/groundwater, soil and indoor air, 
respectively, in the area under investi¬ 
gation. Some of the values are above 
normal and a detailed investigation is 
already in progress. 


1. Ramola, R. C., Kandari, M. S. and 
Rawat, R. B. S., Curr. ScL, 1997, 73, 
771-774. 

2. ICRP Publications 65, Ann. ICRP, 1994, 
23, 1-45. 

3. Harley, N. H. and Pasternack, B, S., 
Health Phys., 1981, 40, 307. 

4. Ramola, R. C., Kandari, M. S., Rawat, 
R. B. S. and Choubey, V. M., Radiat. 
Prot. Dos., 1997, 74, 103-105. 

5. Choubey, V. M. and Ramola, R. C., J. 
Environ. Geol., 1997, 32, 258. 

6. Ramola, R. C. et al.. Under prepara¬ 
tion. 


R. C. Ramola 
M. S. Kandari 
R. B. S. Rawat 

Department of Physics, 

H.N.B. Garhwal University Campus, 
Tehri Garhwal 249 001, India 
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Intense laser fields and their interaction with matter* 


Those of us who have played with a He- 
Ne laser would have noticed that focuss¬ 
ing of the beam results in rarefication of 
air at the focal point. While lasers are 
special, intense lasers are even more 
special in their effects on atoms and 
molecules. Much of physics (and chem¬ 
istry) that we learn in college concerns 
with matter and its interaction with 
weak electromagnetic radiation. When it 
comes to the interaction of matter with 
intense laser fields, the physics becomes 
somewhat different. 

How intense is intense? The maxi¬ 
mum intensity of a laser attainable in 
the laboratory has been increasing with 
years. While a megawatt (10^ W/cm^) 
laser was the order of the day in the late 
sixties, gigawatt (lO^W/cm^) lasers 
were available in the seventies and by 
the eighties getting a terawatt 
(lO^^W/cm^) laser was no problem. 
Lasers of 10^^ W/cm^ intensity (/) are 
around now. To give an idea of what 
these intensities mean, it should be 
pointed out that at / 10^^ W/cm^, at¬ 

oms and molecules ionize readily. At 
/ 10^"^ W/cm^, multiple ionization 

occurs and when / 3.5 x 10^^ W/cm^, 

nonlinear atomic processes become im¬ 
portant. Above lO^^W/cm^, relativistic 
effects would become important and 
such an intensity is referred to as super¬ 
intense. 

Intense lasers have brought about in¬ 
teresting new chemistry and physics in 
the last thirty years. For one thing, the 
sheer number of photons arriving per 
unit time at the target atom or molecule 
makes multiphoton processes inevitable. 
Multiphoton dissociation and ionization 
were already being studied in the sev¬ 
enties. The high intensities that are at¬ 
tainable today lead to multiple 
ionization, above threshold ionization 
(ATI) and other nonlinear processes. 
One of the questions that arises is the 
mechanism of such processes. Are mul¬ 
tiply charged species formed in a se¬ 
quential process (for example. 


^Report on the International Discussion 
Meeting on Intense Laser Fields and their 
Interaction with Matter organized by the 
Atomic and Molecular Sciences Group, 
TIFR, Mumbai at Bogmalo Beach Park Plaza 
Resort, Goa during 17-19 February 1998. 


Ar Ar"^ Ar^"^ ->...) or in an instan¬ 
taneous process (Ar —> Ar^"*" + 3e")? 
What are the competing channels? Is 
there a way to control them, one over 
the other? When a multiply-charged 
diatomic species falls apart (dissociates) 
into two positively charged ions, for 
example, the Coulomb repulsion 
(referred to as Coulomb explosion) 
drives them apart. Is there a way to 
identify the distance at which theis hap¬ 
pens? Is there a way to image them as 
they are in the process of falling apart? 
How do we understand these processes 
theoretically? 

For intensities above 10‘^ W/cm^, the 
weak field interaction theories and per¬ 
turbation theoretic approaches become 
simply inadequate. Are the other ap¬ 
proaches based on numerical solution of 
the Schrodinger equation adequate and 
practicable? 

These are some of the questions 
raised and partly answered at the dis¬ 
cussion meeting in which a healthy 
mixture of experimentalists and theore¬ 
ticians, some from abroad and some 
from within the country, including a 
number of young research scholars par¬ 
ticipated. The meeting started with an 
overview talk, with his own contribu¬ 
tions put in perspective, by F. Faisal of 
University of Bielefeld, Germany. While 
S. L. Chin (Univ. of Laval, Quebec, 
Canada) spoke on experimental investi¬ 
gations on nonsequential ionization and 
electron trapping in atoms and mole¬ 
cules, E. Constant (Univ. of Bordeaux, 
France) discussed the results of his in¬ 
vestigations on time-resolved Coulomb 
explosion imaging and enhanced ioni¬ 
zation and L. J. Frasinski (J. J. 
Thompson Physics Lab., Reading, UK) 
on multielectron dissociative ionization 
(MEDI) of diatomic molecules in in¬ 
tense laser fields. D. Mathur (TIFR, 
Mumbai) discussed the alignment of 
molecules in the presence of intense 
laser fields and its effect on the spatial 
distribution of fragment ions, with a 
large number of examples from his labo¬ 
ratory, pointing out the surprises Nature 
has in store for anybody who cares to 
investigate her secrets. His coworker G. 
Ravindra Kumar discussed their find¬ 
ings on the interaction of intense laser 
fields with metal surfaces and the short 


wavelength generation from the resul¬ 
tant plasma. P. A. Naik of CAT, Indore 
gave a guided tour of the processes and 
products developed indigenously at 
Indore, with special emphasis on soft X- 
ray generation from laser-produced 
plasmas. 

A. Bandrauk (Univ. of Sherbrooke, 
Quebec, Canada) discussed the need to 
go beyond the Born-Oppenheimer ap¬ 
proximation and presented results of 
extensive numerical calculations on 
in intense laser fields. He pointed out 
recent developments on charge reso¬ 
nance enhanced ionization and laser 
induced electron diffraction. That India 
has a number of theoreticians of world 
class became evident from the talks of 
S. S. Bhattacharyya on the above 
threshold and below threshold multipho¬ 
ton dissociation of HD'*’, K. Rai Dastidar 
on above threshold ionization/ 
autoionization in H 2 and S. Saha on 
polarization and nonadiabatic effects on 
population transfer in H 2 . All these 
three speakers, incidentally, were from a 
single Institute - the Indian Association 
for the Cultivation of Science, 
Calcutta. That having limited computa¬ 
tional resources is no real limitation if 
one is willing to think hard and come up 
with alternative ways of doing theory 
was evident from the talk of B. M. Deb 
(Panjab Univ., Chandigarh) on density- 
based quantum fluid dynamical ap¬ 
proach to time-dependent processes. 
M. Mishra (IIT, Mumbai) presented an 
elegant route to photodynamic control. 
Instead of relying on shaped pulses, to 
learn from the Fourier transform of a 
successful pulse and to choose the ini¬ 
tial state of the molecule accordingly 
was his proposed strategy. 

That following the time evolution of 
carefully chosen wave packets by nu¬ 
merically solving the time-dependent 
Schrodinger equation is an intuitively 
convenient and viable approach in 
monitoring the behaviour of molecules 
in general and in ultra-fast laser fields 
in particular, was the message conveyed 
by the overview talk by A. Suzor- 
Weiner (Univ. of Paris-Sud, France). 
This was amply supported by the ex¬ 
amples presented by her student E. 
Charron and also by the talk by N. 
Sathyamurthy (IIT, Kanpur) on photo- 
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induced desorption and resonance Ra¬ 
man aspects. A. R. P. Ran (Louisiana State 
Univ., Baton Rouge, USA) expounded the 
intricacies involved in solving time- 
dependent operator equations, 

K. Miyazaki (Kyoto Univ., Japan) 
presented the results of his experimental 
investigations on high harmonic gen¬ 
eration from atoms and molecules in 
intense laser fields and pointed out the 
discrepancies between experiment and 
theory that remain to be explained. T. 
Seideman (NRC, Canada) discussed the 
theory of shaping, steering and squeez¬ 
ing molecular beams with light. H. Shi- 
romaru (Tokyo Metropolitan Univ., 
Japan) drew similarities in his talk be¬ 
tween interaction of intense laser fields 
with molecules and collisions involving 
molecules and fast beams of highly- 
charged ions, J. H. Sanderson (Univ. 
College London, UK) gave an account 
of a new set of experiments being car¬ 
ried out on molecular ionization in 
femtosecond laser fields. 

The grand finale of the extensive talks 
and intensive discussions on intense 
laser fields and their interaction with 
matter was in the form of yet another 
talk by S. L. Chin, but this time, on 


investigating the propagation and 
filamentation of Ti-sapphire laser 
pulses in the atmosphere with the aid of 
colourful slides. That all these investi¬ 
gations are not confined to the realm of 
ivory towers but are very much down to 
earth (and linking earth to the heavens) 
was emphasized by Chin by pointing out 
to their potential utilization in detection 
of chemical and biological molecules in 
the atmosphere and in controlling 
lightning. 

It used to be said that India was lag¬ 
ging behind the West by 10 years in 
Science and Technology. This gap has 
been reduced considerably in recent 
times, thanks to improvements in tele¬ 
communication through phone, fax and 
more importantly, email. Still, if we 
want to be equal partners in the global 
playing field, there is need for instant 
exchange of ideas. This is where meet¬ 
ings and conferences play an important 
role. Because that is where we learn 
what is happening and not what hap¬ 
pened some time back (as reported in 
the refereed Journals) and also some of 
the nitty-grittys which will probably 
never be spelt out in written form. With 
the dollar-rupee conversion rate being 


so high, it is becoming more and more 
difficult for Indians to travel abroad for 
meetings. Even when they do, they do 
so in small numbers. One way out of the 
situation is to organize international 
meetings in India and bring together 
young Indian researchers to interact 
with the active workers from all over the 
world. 

Deepak Mathur and his colleagues 
must be congratulated for their organiz¬ 
ing this timely discussion meeting and 
choosing the right ambience for aca¬ 
demic discussions. All the participants, 
regardless of their status (from the jun- 
iormost research scholar to the most 
eminent practitioner in the field) stayed 
in the same hotel, dined and debated 
together, thus getting the most out of 
the Discussion Meeting. As the partici¬ 
pants were checking out of the hotel, it 
was clear from their faces that it was 
time (and money and effort) well spent. 
They were richer with ideas and now 
could go back to their labs to pursue 
them further. 


N. Sathyamurthy, Department of 
Chemistry, Indian Institute of Technol¬ 
ogy, Kanpur 208 016, India 


RESEARCH NEWS 


Another brick in the Tower of Babel: The search for an 
universal language 


Anindya Sinha 

‘And the whole earth was of one lan¬ 
guage, and of one speech. And it came 
to pass, as they journeyed from the east, 
that they found a plain in the land of 
Shinar, and they dwelt there. And they 
said to one another. Go to, let us make 
brick, and burn them thoroughly. And 
they had brick for stone, and slime had 
they for morter. And they said. Go to, 
let us build us a city and a tower, whose • 
top may reach unto heaven; and let us 
make us a name, lest we be scattered 
abroad upon the face of the whole earth. 
And the Lord came down to see the city 


and the tower, which the children of 
men had builded. And the Lord said. 
Behold, the people is one, and they have 
all one language; and this they begin to 
do: and now nothing will be restrained 
from them, which they have imagined to 
do. Go to, let us go down, and there 
confound their language, that they may 
not understand one another’s speech. So 
the Lord scattered them abroad from 
thence upon the face of all the earth: 
and they left off to build the city. 
Therefore is the name of it called Babel; 
because the Lord did there confound the 


language of all the earth: and from 
thence did the Lord scatter them abroad 
upon the face of all the earth.’ 

Genesis 11 : 1-9 

The mystery of the origins and devel¬ 
opment of the human languages has 
fascinated scholars for well over 300 
years. Historically, one major line of 
argument has been that the study of 
linguistic development in children 
(language ontogenesis) would provide 
clues about the origins of language in 
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the human race (language phylogenesis). 
Some interesting similarities had also 
been noted between the vocal tracts of 
infants and those of nonhuman primates. 
However, the major problem that re¬ 
mained was the wide gap between the 
emotional expression of infants and the 
propositional content of adult language, 
which studies of language acquisition 
have not been able to bridge completely, 
even today. 

A number of theories have been put 
forward in an effort to understand lan¬ 
guage acquisition'. Chronologically, 
one of the earliest hypotheses viewed 
language acquisition as a process of 
imitation and reinforcement. Children 
learn to speak, according to this popular 
view, by copying utterances made by 
adults around them; firm imprinting and 
learning then occur by the corrections 
and repetitions that adults provide. Al¬ 
though children do imitate significantly, 
especially in learning sounds and vo¬ 
cabulary, it is now clear that little of 
their grammatical ability can be ex¬ 
plained in this way. An important evi¬ 
dence tor this criticism comes from the 
way children initially deal with irregular 
grammatical patterns. When an exultant 
child says ‘When I wented there I seed 
many sheeps’, it is clearly not imitation 
(since no self-respecting adult would 
ever say ‘wented’ even to a child!), but 
a reasoning process of analogy which 
makes the child assume that grammati¬ 
cal usage is regular and thus allows it to 
deduce what the correct form ought to 
be. 

The limitations of the imitation hy¬ 
pothesis directly led to an alternate view 
that children must be born with an in¬ 
nate capacity for language development, 
and this predisposition to acquire the 
structure of language instinctively must 
be coded for in the human brain^. One 
of the foremost proponents of this view 
(with the exception of the indefatigable 
Charles Darwin who, as always, had the 
first word even on this issue), and one 
whose work has most profoundly influ¬ 
enced the way most linguists and non¬ 
linguists think of language today is 
Noam Chomsky. (A remarkable indica¬ 
tor of his influence is that he is cur¬ 
rently among the ten most-cited writers 
in the humanities, just behind Marx, 
Lenin, Shakespeare, the Bible, Aristotle! 
Plato and Freud, and ahead of Hegel 
and Cicero!) 


In a series of papers spanning three 
decades , Chomsky has provided some 
of the most detailed descriptions of 
many of the key features of modern-day 
language and speculated on the underly¬ 
ing brain mechanisms that have made 
humans unique in terms of their sophis¬ 
ticated linguistic abilities. Chomsky 
clearly hypothesized that only humans 
have an autonomous module in their 
brain-the language organ - that pos¬ 
sesses combinatorial mechanisms and 
provides algorithms for the specific, 
structuring ol language in certain ways. 
He further went on to suggest that it was 
possible to formulate a single set of 
rules, which he called ‘universal gram¬ 
mar’, from which all possible grammati¬ 
cal sentences can be derived for any 
language. According to his ‘principles 
and parameters’ theory, the structuring 
of language is guided by a number of 
super-rules or principles. These princi¬ 
ples, though universal and innate, are 
usable within each language only after 
they are combined with that language’s 
particular setting tor the order parame¬ 
ter. Thus when children learn a specific 
language, they do not have to learn a 
large number of rules, because they are 
born knowing the super-rules. They just 
have to learn what the order parameter 
relevant to that language is; this now 
serves as a mental switch which auto¬ 
matically makes available a large body 
of rules to the child. If Chomsky is cor¬ 
rect and increasing evidence suggests 
that he might be so, it could pave our 
way to understanding how a child mas¬ 
ters the complexities of spoken grammar 
in a remarkably short period of time. 

In support of his postulate of an uni¬ 
versal grammar, Chomsky and other 
linguists have performed numerous 
painstaking technical analyses of ordi¬ 
nary sentences spoken by a variety of 
ordinary people in different languages. 
Although too elaborate to report here, 
Chomsky’s principal argument for the 
innateness of his universal grammar is 
one that he calls ‘the argument from the 
poverty of the input’. This is based on 
the performance of very young children, 
unexposed to conventional rules of 
grammar, who almost invariably make 
‘correct’, though technically more 
complex, grammatical constructions of 
sentences in preference to relatively 
simple linear, but ‘incorrect’, con¬ 
structs. Evidence of a different nature, 


independent of the Chomskyan school, 
has also come from studies like that of 
Greenberg who, in his analysis of thirty 
disparate languages spread across the 
world (including Basque, Berber, Bur¬ 
mese, Finnish, Hebrew, Hindi, Maori. 
Masaai, Mayan, Nubian, Quechua, Ser¬ 
bian and Swahili), discerned at least 
forty-five universals in the order of 
words and morphemes (smallest mean¬ 
ingful parts of a word)*^. 

One of the most ardent supporters as 
well as critic of Chomskyan thought in 
current times, Steven Pinker, echoes 
Chomsky in believing that all humans 
are indeed born with a universal gram- 
mai, the so-called ‘language instinct’^, 
He too suggests that this instinct, pos¬ 
sibly lateralized to the left hemisphere 
of the brain, constrains the range of 
variation that spoken language can 
have; a view of restrained diversity in 
limdamental unity. 

Where Chomsky has been most heav¬ 
ily criticized, however, is in his firm 
opinion that our use of language for 
communicative purposes is merely acci¬ 
dental and that the theory of natural 
selection is lacking as an account of the 
design and function of the language 
organ^’^ Linguists like Pinker^ and bi¬ 
ologists like Hauser^ have strongly 
criticized Chomsky and other earlier 
eminent workers like Bickerton'^ (who 
proposed that modern language origi¬ 
nated abruptly from an ancestral proto¬ 
language by a single macromutation) on 
this issue. They have effectively argued 
that the capacity for language is not a 
mere by-product of having a large brain 
and that Darwinian natural selection is 
the only mechanism which can explain 
the evolution of such an adaptive trait as 
language with its complex design fea¬ 
tures. Pinker also provides evidence of 
genetic variation that could serve as the 
raw material on which gradual processes 
of selection could act. These include the 
normal, and sometimes rather predict¬ 
able, variation in grammatical compe¬ 
tence across individuals and the 
documented evidence of a remarkable 
inherited deficiency in grammaticaf. 
ability within a particular family 
But to turn to universal grammar 
again. Pinker argues that before the 
existence of universals within and 
across our spoken languages can be 
accepted, two alternative explanations 
must be ruled out^. The first of these 
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possibilities is that language originated 
only once, and all existing languages are 
the descendants of that proto-language 
and thus retain some of its basic pat¬ 
terns. The explanatory power of this 
view has, in fact, been rejected by most 
linguists for two reasons. First, in spite 
of major and radical disruptions in the 
transmission of languages across gen¬ 
erations, rarely are there any similar 
breaks in the universals of these lan¬ 
guages. Second, if universals are simply 
what are transmitted down generations, 
there should be strong correlations be¬ 
tween specific branches of the linguistic 
tree and the structural differences that 
exist across the languages which belong 
to these branches. However, since many 
closely-related language families seem 
to exhibit a wide gamut of grammatical 
variation, there does not appear to be 
any correlation between the grammatical 
property of languages and their posi¬ 
tions in the family tree of languages. It 
is therefore, rather unlikely that lan¬ 
guage universals have been passed 
down from the hypothetical proto¬ 
language of the human race. 

The second possibility that one must 
consider before an universal language 
instinct can be accepted would argue 
that language universals may simply be 
a reflection of universals of thought or 
mental processing of information that 
are by and large independent of lan¬ 
guage. For example, the subject may 
precede the object in a sentence (Tiger 
eats deer’) in many languages because 
the subject of an action verb is often the 
causal agent which comes before the 
effect, and this may be a general mental 
construct of a logical mind. However, 
such functional explanations have usu¬ 
ally proven to be rather tenuous and do 
not appear to work for most universals^ 
Given these arguments, the only con¬ 
clusion that seems to be fairly accept¬ 
able to most linguists of today is that a 
basic grammatical instinct, not directly 
attributable to history or cognition, un¬ 
derlies all the world’s naturally-spoken 
languages. 

Assuming, therefore, that a language 
instinct and a universal grammar does 
exist within us all, it becomes impera¬ 
tive that the crucial properties of such a 
grammar be defined, and their underly¬ 
ing presence demonstrated in the 5000- 
odd languages that are in use in the 
world today. This is obviously an enor¬ 


mous task. Nevertheless, the relentless 
pursuit in this direction by Chomskyan 
linguists has been successful to a great 
extent in uncovering a number of basic 
rules which could constitute an essential 
part of our universal grammar^. In addi¬ 
tion, it is perhaps even more significant 
that support for the presence of a lan¬ 
guage instinct is also emerging from 
areas beyond the realms of spoken lan¬ 
guage. 

A recent rather interesting paper^^ by 
Goldin-Meadow and Mylander is a 
case-in-point. These two linguists in¬ 
tensively studied the acquisition of 
gestural language in two small groups of 
deaf children, approximately 4 to 5 
years of age, with severely reduced con¬ 
ventional linguistic input, in two differ¬ 
ent cultures (North American and 
Chinese) across the world. These chil¬ 
dren were congenitally deaf but with no 
recognized cognitive impairment of any 
kind, and were unable to acquire speech 
in any form. They had also never been 
exposed to any conventional sign lan¬ 
guage system. Although their normal 
parents attempted to communicate with 
them through speech, much of their 
interactions occurred through fairly 
effective action and gestures. 

What is most fascinating is that the 
communicative gestures independently 
evolved by both groups of children were 
not only structured like natural language 
at the level of words and sentences, but 
also strikingly resembled each other in 
several prominent structural features. 
Unlike hearing children or adults who 
rarely string their gestures into a mean¬ 
ingful series, these children often con¬ 
veyed their thoughts through gesture 
sentences. These sentences closely re¬ 
sembled the ergative pattern^ that pre¬ 
dominates in a number of natural 
languages. In this pattern the actor in an 
intransitive sentence (tiger in ‘tiger 
runs’) is linguistically distinguished 
from the subject in a transitive sentence 
(tiger in ‘tiger eats deer’) but follows 
the same case and position (within the 
sentence) as the object (deer) of the 
proposition. This kind of a construction, 
remarkably enough, not being present in 
Mandarin or in English, conclusively 
established that the grammatical struc¬ 
tures underlying the gesture sentences 
of these children were not derived from 
that of the languages spoken by their 
parents. 


Children in both cultures also pro¬ 
duced complex sentences, with a com¬ 
bination of more than one proposition 
linked together in sequence, to a very . 
similar extent; their mothers produced 
a significantly smaller proportion of 
such sentences. Moreover, the actual 
structuring of these sentences was also 
very different. Those produced by the 
children were again rich in ergative 
structuring with intransitive actors 
being represented at high rates, compa¬ 
rable to those of objects of transitive 
sentences. The mothers were much 
more variable and did not exhibit any 
consistent patterning of intransitive 
actors. Complex sentence structuring by 
the children, although evolved in differ¬ 
ent cultures, was thus much more 
similar to each other than it was to those 
of their respective sets of mothers. 
This was further evidence that the 
children seemed to be themselves re¬ 
sponsible for evolving the spoken- 
language-like structure of their gestural 
systems. Generative capabilities of this 
kind is a hallmark of a true natural lan¬ 
guage. 

How did these children evolve such a 
strikingly similar system of gestural 
communication? Can we be confident 
that the structuring of their sentences 
truly represents an innate universal 
grammar? Would children of all cul¬ 
tures, deprived of stereotypic linguistic 
stimulij develop a comparable grammar? 
Would chimpanzees find it easier to 
learn sign language if certain kinds of 
structuring, like the ergative pattern, are 
incorporated into the language? If in¬ 
deed the grammar evolved by these 
children and present in some natural 
languages represent that of an ancestral 
proto-language, why, when and how did 
the other modern languages diverge 
from this structure? 

The steps to the pinnacle of the 
Tower of Babel are many and they are 
steep. 
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OPINION 

Haldane’s God and the honoured beetles: The cost of a quip 

K, N. Ganeshaiah 


Haldane’s God 

God must be crazy - crazy about bee¬ 
tles! Why else should He create a beetle 
in every four of the species He gave life 
to on the earth! —thus wondered 
Haldane. Of the estimated 1.82 million 
species described so far*, about 400,000 
species are beetles. This relative abun¬ 
dance of beetle species apparently 
prompted Haldane to quip about the 
nature of the Creator: God must have 
an inordinate fondness for beetles. The 
meaning of this statement, the veracity 
of its attribution to Haldane (versus 
Huxely) and the circumstances that led 
Haldane to utter these words have all 
been thoroughly thesesed and have 
served staple for several writers^"'^. 
Pages have been written examining 
whether Haldane’s quip was ‘inordinate 
fondness for beetles’ or ‘special prefer¬ 
ence for beetlesIn fact there is an 
inordinate fondness among biologists to 
quote Haldane’s quip. In the process the 
fascinating diversity of the beetles has 
been eulogized. 

Often the most celebrated statements 
such as this by Haldane that get estab¬ 
lished due to the authority commanded 
by their authors, stand as strong and 
opaque barriers between our beliefs and 
the reality. This is especially true if 
these statements are personal opinions 
inferred from hard facts and not the 
laws that can be falsified. While the 
facts on which the opinion rests, offer 
quite a strength to the statement, the 
authority of the owner of the statement 


shields the inferences drawn such that 
the quip lives longer than its utility and 
conveys a different meaning than is 
probably implied by the facts. Haldane’s 
quip on the nature of God appears to be 
one such statement that is strongly per¬ 
petuating an yet untested and possibly a 
dubious belief about beetles that they 
possess an ‘unparalled diversity’^. It is 
indeed surprising and unfortunate that, 
in the process of ‘tracing the history of 
this canonical one liner’^ the most im¬ 
portant implication of the quip for the 
biologists has been sidelined. As it is 
said, the silence serves as a sign of un¬ 
spoken approval; and in this sense the 
silence of the biologists has also con¬ 
tributed to the perpetuation of this be¬ 
lief. The fact is'that it is not known if 
the beetles exhibit an unparalleled di¬ 
versity compared to other insects or 
organisms. Consider, for instance, the 
following alternate interpretation of the 
same facts. 


The other God 

God must be crazy and crazy about re¬ 
dundancy of life He created. Why else 
should He create a beetle in every four 
of the species He gave life to on the 
earth! While the 400,000 species of 
beetles fall into a mere 138 groups 
(families), 125,000 flies (Diptera) fall 
into almost equal number of (115) 
families: the butterflies and moths that 
constitute less than half the number of 
species of beetles (about 150,000) fall 


into about 108 different groups 
(families; Table 1). Thus there are more 
species in any family of beetles than in 
that of flies or of butterflies. Since each 
family constitutes a group of species 
that share a common set of features dif¬ 
ferent from other families, there must be 
many more species of beetles that are 
almost similar among themselves than 
are flies or butterflies. In other words, 
there appears to be a lot of redundancy 
in His creation of beetles than in other 
groups. God seems to have run out of 
ideas to inject diversity while creating 
beetles. 


Diversity versus redundancy 

Thus two contrasting opinions may be 
derived from the same facts: one sug¬ 
gesting that beetles are more diverse and 
the other suggesting that they exhibit a 
lot of redundancy. But Haldane’s quip 
is perpetuating the first of these alter¬ 
nate interpretations and it is imperative 
that we assess the two alternatives seri¬ 
ously. 

In fact Haldane’s quip could not have 
emerged had he thought that God was 
fond of abundance and redundancy. 
After all, sand particles are more abun¬ 
dant than beetles and Haldane did not 
say that God has an inordinate fondness 
for sand particles (though he is sup¬ 
posed to have stated God’s fondness for 
stars too.) Apparently Haldane equated 
the number of species with the variety 
among beetles. Supporting this view, for 
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Table 1. Number of species and families in different orders of insects 


Order 

Species/order* 

(India) 

Species/order** 

(World) 

Families/order^ 

(World) 

Embioptera 

33 

200 

7 

Protura 

20 

260 

3 

Strepsiptera 

8 

300 

5 

Mecoptera 

15 

350 

7 

Diplura 

16 

355 

4 

Thysanura 

23 

1250 

5 

Dermaptera 

320 

1800 

5 

Isoptera 

300 

2000 

6 

SIphonaptera 

52 

2000 

7 

Mantodea 

161 

2000 

6 

Plecoptera 

113 

2100 

8 

Ephemeroptera 

94 

2146 

12 

Phasmida 

60 

2500 


Psocoptera 

85 

2500 

27 

Phthiraptera 

400 

3000 

16 

Blattria 

156 

4200 


Neuroptera 

315 

5000 

17 

Collembola 

200 

5000 

5 

Odanata 

491 

5500 

24 

Thysanoptera 

691 

6000 

5 

Trichoptera 

812 

7000 

25 

Orthoptera 

759 

14491 

15 

Hemiptera 

6500 

80000 

102 

Diptera 

6093 

96600 

115 

Hymenoptera 

5000 

100000 

71 

Lepldoptera 

13000 

142500 

108 

Coleoptera 

15000 

350000 

138 


*From Ghosh^^ 

**From Ghosh'^ but the values used in the text are from Gould^ and Romoser' . 
^Compiled by Viraktamath from Meckerrsas’®. 


Table 2. Body length variations* In different orders and their relative range ratios 
expressed as the proportion of their range with that in Coleoptera 


Order 

Range in the body length 
min.-max. (mm) Range (mm) 

Relative 

ratios^ 

Ephimeroptera 

2-25 

23 

0.18 

Odonata 

20-135 

115 

0.93 

Phasmida 

15-180 

165 

1.33 

Orthoptera 

4-75 

71 

0.57 

Mantodea 

-100 

- 

— 

Blattaria 

3-51 

48 

0.39 

Isoptera 

6-110 

104 

0.84 

Dermaptera 

4-30 

26 

0.21 

Hemiptera 

1-100 

99 

0.798 

Homoptera 

2-150 

148 

1.19 

Diptera 

1-70 

69 

0.55 

Lepldoptera** 

1-250 

249 

2.00 

Hymenoptera 

1-40 

39 

0.31 

Coleoptera 

1-125 

124 

1.00 


*Ranges of the body length of different orders were compiled from Borror et 
**The range refers to wing spread and not to body length. 

^The relative ratios represent the ratio of range of the order to that of the Coleoptera. 


example, Gould^ states: .. our world 
is incredibly strange and therefore su¬ 
premely fascinating (the key point ... 
behind Haldane’s quip that ultimate 
meaning must reside in the unparalleled 


diversity of group that rarely rivets our 
attention)...’. 

Though more frequently Haldane’s 
quip is described to represent his awe at 
the incredibly large number of species 


of beetles, the message perpetuated is 
that Haldane was awed by the 
‘unparalleled diversity’ that he thought, 
this group exhibits. In fact in the recent 
past after the invention of the term 
‘biodiversity’ and its equation with the 
number of species, there is a greater 
danger that Haldane’s quip would be 
equated to mean that beetles, to be pre¬ 
cise, the Coleoptera are more diverse. 

Are beetles more diverse? 

Are beetles really more diverse than 
other groups of insects? Is their diver¬ 
sity proportional to the number of spe¬ 
cies in them? In the context of 
Haldane’s quip, does the high number 
of species in Coleoptera mean that there 
is more fascination in them than in other 
groups of organisms? Unfortunately the 
literature in biodiversity abounds with 
the suggestions that more the species 
more the diversity. The well-known 
formulations to estimate diversity are so 
constructed that the value of the esti¬ 
mate increases with the species num¬ 
bers - a necessary relation that has out¬ 
lived its utility. It is only recently that 
this view has been found inadequate and 
suggestions are being made that while 
measuring biological diversity, the spe¬ 
cies should not be viewed merely as 
statistical equivalents^'*'^. It has been 
argued that the number of species of a 
sample per se does not represent its 
biological diversity; rather, any estimate 
of biological diversity has to essentially 
incorporate the total biological variation 
existing in the sample. 

For example, consider two independ¬ 
ent samples of beetles each having 100 
species. Assume that one of them has all 
the one hundred species belonging to 
only one family and the other sample 
has its 100 species from 10 different 
families. Obviously, despite the simi¬ 
larity in the species richness between 
the two samples, the second sample 
is biologically more diverse than the 
first. The second sample has high bio¬ 
logical diversity because of the variation 
in morphological features associated 
with the different families represented 
in it. Thus the biological diversity 
of a group or order depends not 
only on the number of species 
in it but also on the extent of diver¬ 
sity they exhibit in the morpho¬ 
logical and other biological features. 
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Figure 1. The morphospaces of different sizes of two orders (a) and (/?), with same 
density of species. The total biological diversity of the order with large morphospace 
{b) is higher than the one with smaller morphospace (a). 


Further, the morphological diversity of 
orders need not be a linear function of 
the number of species in them as argued 
below. 

Morphospaces and diversity of 
orders 

Taxonomy is hierarchical in that a given 
specimen is assigned to a species or 
genus or family based on hierarchically 
increasing set of morphological fea¬ 
tures. Accordingly, all the species can 
be arranged in a multidimensional space 
defined by the morphological traits used 
in the classification of the group. For 
simplicity assume two such dimensions 
defining the morphospace of an order in 
which all its species are distributed. The 
number of species accommodated in the 
order increases due to any of the follow¬ 
ing two factors: 

Increased morphospace. Consider 
two orders with different sizes of their 
morphospaces^. Given the same density 


of species in the morphospaces, the 
larger among the two would contain 
more species and exhibits more biologi¬ 
cal diversity than the smaller (Figure 1 a 
and b). In other words, both the number 
and biological diversity increase with 
increase in the size of the morphospace. 
Consequently, in such situations, the 
biological diversity of different orders 
increases linearly with their species 
numbers; an order with less number of 
species can be expected to have rela¬ 
tively less diversity compared to those 
with many species. 

Dense packing of species in the mor¬ 
phospace. Number of species in an or¬ 
der can also increase with the density 
with which the species are packed in the 
morphaspace (Figure 2 a and b). Keep¬ 
ing the size of the morphospace con¬ 
stant (i.e. diversity space being 
constant) an order can contain more 
species due to relatively denser packing. 
Such a process obviously does not yield 
a strong relationship between the num¬ 
ber of species and biological diversity; 


in fact this relation could plateau after a 
certain density. 

Thus, a given order can have more 
species either due to increase in the size 
of the morphospace or due to dense 
packing of the species in it (or both). 
While the former leads to an increase in 
the total morphological diversity of the 
order, the latter leads to more redun¬ 
dancy among the species of an order; in 
fact in the latter, the diversity does not 
increase in proportion to the number of 
species and hence it is important to 
analyse the processes by which the Co- 
leoptera as an order has more number of 
species. 

But it is difficult to examine the first 
alternative because the variables that 
define the morphospace of Coleoptera 
could be entirely different from those 
that define the morphospace of the 
Diptera or Lepidoptera or any other 
order; the scales and the dimensions are 
not always comparable^"^. 

Nevertheless, certain generalizations 
can be conveniently reached and these 
might help in assessing the possibilities. 
Though number of species of beetles 
and weevils are more, it does not seem 
that they are extraordinarily large or 
small in their size. In fact on the basis 
of the length of the insects, Phasmida, 
Homoptera, Odonata and Lepidoptera 
(on wing spread) show more variation 
than the beetles and weevils (Table 1). 
There is also no data suggesting that 
beetles occur in extraordinarily different 
habitats that are not occupied by the 
members of the other orders at least not 
to the extent that their numbers repre¬ 
sent. While these per se do not rule out 
the possibility of wider morphological 
diversity of beetles, as of yet there are 
no specific morphological structures 
identified in beetles that are unusually 
wider in range and diversity that could 
be listed as Ibatures enhancing their 
morphospace. If anything there appears 
to be a frustration in finding a common 
factor that explains their diversity: ‘The 
basic characters of Coleoptera suggest 
no obvious reason for the remarkable 
success of this particular insect pat- 
tern’^'*^^ 

Since comparing morphospaces 
across orders is difficult, we can resort 
to treating the number of families in an 
order as a proxy for the morphological 
diversity^ ^ As argued earlier, family 
represents a group of species that share 


658 


CURRENT SCIENCE, VOL. 74, NO. 8, 25 APRIL 1998 







OPINION 


<s 

ii 

3 

c?l 


X 


> 



ib) 



Figure 2. Morphospaces of same size but with different densities of the species in them. 
The morphospace with less density (a) shall have less number of species than the one 
with high density (b). Note that the total biological variation would be same for two orders. 
Coleoptera has more number of species mostly due to such high density of species in the 



Figure 3. Relation between the number of species in an order and the number of families 
in It. Note that Coleoptera has proportionately more number of species than the number of 
families in it. In other words, beetles are more packed in their morphospace. 


common traits but are different from 
those belonging to other families within 
the order and in this sense the morpho¬ 
logical diversity can be considered to 
increase with the number of families. 
Accordingly, Coleoptera does have 
more families (138) than Diptera (115) 
and Lepidoptera (108). However, as 
argued earlier, note that the number of 
families are far less in comparison to the 
relatively vast number of species in 
Coleoptera: These 138 families accom¬ 
modate 400,000 species of beetles while 
almost the same number of families in 
Diptera (115) contain only 125,000 
species. In other words, though Coleop¬ 
tera appear to have a wider morphologi¬ 
cal space, the diversity reflected by the 
number of species in it appears greatly 
overstated. Also it appears that one 
significant reason for the increased 
number of beetle species is their dense 
packing in the morphospace. This is 
also supported by the relation between 
the number of species per order and the 
number of families per order (Figure 3). 
Especially for Lepidoptera, Diptera and 
Coleoptera, the slope of the relation 
between the number of species per order 
with the number of families increases 
steeply; i.e., the rate or density of spe¬ 
cies per family is higher for Coleoptera 
than other orders. 

This has another interesting and 
deleterious consequence to the belief 
that beetles are more diverse: Diversity 
can be defined as the probability and 
the extent to which any two randomly 
chosen species from a pool are differ¬ 
ent”^. The dense packing of the beetles 
compared to other orders (say Diptera) 
suggests that any two randomly-chosen 
species in Coleoptera are likely to be 
more similar among themselves than 
two randomly-chosen species of Dip¬ 
tera. In other words, the extent to which 
the randomly chosen species differ, 
would be less for beetles than for flies 
or moths or butterflies for example. 
Beetles thus seem more redundant in 
their morphology than thought. 

How densely could the species 
be packed in a morphospace? 

Density of species cannot indiscrimi¬ 
nately increase in a morphospace. Any 
two species need to be isolated by a 
minimum threshold of the morphospace 
such that they maintain their reproduc- 
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tive identity and reduce the extent of 
interspecific competition between them. 
Hutchinsonand other workers follow¬ 
ing him suggested that sympatric 
species exhibit such limiting similari¬ 
ties For example a number of work¬ 
ers found that the ratio of the 
morphological features of the larger to 
the smaller of any two coexisting spe¬ 
cies is 1:1.3 (refs 12-15). If such a ratio 
does exist and if it is constant across the 
taxa, then assuming that any available 
niche in the morphospace is always 
filled and that the extinction of the spe¬ 
cies is random across the taxa, all the 
orders are expected to exhibit an equal 
density of packing. However, it is not 
clear if the ratio is consistent across the 
taxa. It is also not clear if these ratios 
would depend on the biology and mor¬ 
phology of the species. Several studies 
have shown that these ratios are not 
consistent and hence no specific limits 
are suggested^*''. The relative differences 
in the packing of insects of different 
orders are probably suggestive of differ¬ 
ences in such ratios among taxa. Ac¬ 
cordingly, beetles seem to have the 
lower range of such threshold for isola¬ 
tion ratios. In fact one family, Curculi- 
onidae is known to contain almost 30% 
of the species of Coleoptera and hence 
could suggest the lowest range for such 
thresholds. 

There is no immediate data to test 
this, and it would be interesting to ex¬ 
amine if beetles and weevils indeed 
have lower Hutchinson ratios than other 
insects and organisms. If that be true, it 
leaves us with another special and 
probably a more fascinating question 
about beetles than their mere dominance 
in numbers of species: What special 
biology of beetles renders them more 
tolerant for coexistence? It is likely 
that their tolerance to coexist would be 


true not only among themselves but 
probably also with other organisms. 

In any case, it appears that our fasci¬ 
nation for beetles does not die even if 
their diversity is overstated by their 
species numbers. Rather they seem to be¬ 
come more enigmatic with respect to their 
yet unknown biological features that make 
them abundant in species numbers. By 
shifting the issue from Haldane’s awe 
about the richness of the beetles to Why 
are there more species of beetles we only 
have gone one long circle to agree with 
Haldane that God has an inordinate 
fondness for tickling us. This time He has 
chosen beetles to tickle us with! We shall 
enjoy this tickling of course. 
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The ‘proto-Indian’ population identified in the recent mtDNA 
studies posit an ancient southeast Asian migration that passed 
through India 


Several independent evidences indicate 
Africa as the place of origin of modern 
man. Mitochondrial DNA (mtDNA) 
studies date the origin of anatomically 
modern man in Africa approximately 
around 200,000 years ago\ and there is 
archaeological evidence for migration of 
modern man from Africa to the rest of 
the world about 100,000 years ago and 
the expansion of the non-African popu¬ 
lation around 65,000 years ago^. This 
expansion and the resultant migrations 
of modern man to inhabit major parts of 
the globe is of considerable interest 
because such an event would have pre¬ 
ceded or have been closely associated 
with the origins of the three major world 
ethnic groups, the Orientals, the Cauca¬ 
sians and the Africans. Even though 
very distinct features are associated with 
each of the three ethnic groups, many 
intermediate populations have also 
evolved due to continuous gene flow 
among the above major groups. Gene 
flow due to secondary migrations could 
be expected to have diluted the ethnic 
features of the original inhabitants dur¬ 
ing population expansion. In some 
cases, mtDNA which is a single lineage 
molecule, could be used to trace the 
preexistent population, which would 
have got mixed with later migrants^. 
Identifying the original inhabitants may 
in turn help in understanding the history 
of migrations. There have been efforts 
to trace the actual routes followed by 
modern man while migrating from west 
Asia towards east. Geographically, like 
China, India is also located in the path 
of west to east migrations of modern 
man outside Africa. Thus the mtDNA 
studies of the Indian population are 
important with respect to global migra¬ 
tions of modern man. 

The oldest evidence of Homo in India 
is the Narmada man, a Homo sapiens 
fossil dated 0.7 myr"^. There is archaeo¬ 
logical evidence for Homo about 
600,000 years BP (before present) and 
for modern man about 40,000 years 
BP^. Linguistic evidence supports the 
suggestion that neolithic migrations of 
farmers brought the Dravidian language 


speakers from the Zagros region of Iran 
and Iraq and the Indo-European lan¬ 
guage speakers from Central Russia or 
Turkey^’^. 

Our study of mitochondrial DNA 
(mtDNA) polymorphisms, in 145 Indi¬ 
ans, using the six classical restriction 
enzymes, (data for 45 are from an ear¬ 
lier study by Semino et al.^) includes 
samples from 14 Indian language groups 
identified as Indo-European and 
Dravidian language speakers^^. Based on 
this study and considering linguistic 
evidence, we suggested that Indo- 
European language speaking and 
Dravidian language speaking Indians 
could perhaps be considered as two 
populations with affinities to Cauca¬ 
sians and may represent the two neo¬ 
lithic migrations. 

In addition to a majority of Caucasian 
mtDNA types, we also found Asian 
mtDNA types in the sample we studied. 
Two Asian mtDNA types found in north 
and central Indians are shared with the 
Tharus of Nepal who are related to east 
Asians. Interestingly it has been sug¬ 
gested that the Tharu mtDNA perhaps 
originated from an Oriental mtDNA 
which is different from that of the more 
northern Asian population which mi¬ 
grated to the Pacific Islands and Sibe- 
ria^^ 

A separate study of the Indians^^ has 
also clearly demonstrated Asian admix¬ 
ture in the Indian population. 241 Indi¬ 
ans from Punjab, Delhi and Andhra 
Pradesh have been included in this 
study which is based on identifying the 
Asian-specific DdeIio^ 3 y 4 AluI 10,397 (++) 
haplotype^^ in the Indian sample. An 
overwhelming presence of this Asian- 
specific mtDNA type in Indians has 
been demonstrated. The results of the 
high resolution study of 30 samples 
belonging to DdeIio, 394 AluI 10,397 (++) 
haplotype^^ (Table 4) when compared to 
our RFLP study using the six classical 
enzymes {HPal, BamHl, Haell, Mspl, 
Avail, and Hindi) showed that an 
overwhelming majority of the 30 Asian- 
specific types could be placed with the 
common mtDNA type or those shared 


with orientals (1, 6 , and 28 in Figure 1 
of Barnabas et aC^). Our study of the 
Indian sample for the presence of 
DdeIio, 394 AluI 10,397 (++) haplotype 

(unpublished results) supports these 
observations. 

Our RFLP study using the six en¬ 
zymes had identified the ancient Asian 
mtDNA type (8-1) which has a common 
mutation in the Hpal and Hindi sites in 
Indo-European language speakers and a 
form which can be derived from this 
type was found in a Dravidian language 
speaker. Passarino et have reported 
the same mtDNA type (8-1) in two in¬ 
dividuals. Whereas, another mtDNA 
type ( 1 - 1 - 2 - 1 - 1 - 1 ), which can be de¬ 
rived from the ancient Asian mtDNA 
type and found at a higher frequency in 
the present day Southeast Asians^^, has 
been found only in one individual in the 
Indian sample* ^ Thus in the Indians the 
more ancient mtDNA type (8-1) is 
found at a higher frequency compared to 
the derived one (l-l-2-l~l-l). This is 
in contrast to the frequencies of these 
two types found among the Orientals 
where the derived one is more frequent. 
This observation suggests that the latter 
type would have originated and spread 
in Orientals who separated from ‘proto- 
Indians’. Based on this we had also 
suggested the possibility of a migration 
from Africa to Asia that passed through 
the Indian subcontinent. Other studies'^ 
have supported an Asiatic migration 
through China and our suggestion does 
not contradict these studies. We would 
like to mention some more recently 
published evidence that gives credence 
to this suggestion about an ancient mi¬ 
gration. An mtDNA sequence study has 
pointed out the possibility of the exis¬ 
tence of a population in India before the 
first Caucasian migration reached In¬ 
dia^. Mountain et al? in their study of 
three Indian caste groups from Karna¬ 
taka (southern India) suggested that 
their common ancestor may predate the 
Eurasian migration. 

There is further support from yet an¬ 
other study*^ which suggests that there 
were two distinct migrations towards 
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east Asia and Oceania; one north of the 
Himalayas leading to China and Japan, 
while the other more southern. It is 
probable that the southern migration 
towards southeast Asia passed through 
India and is represented by the Palaeo¬ 
lithic cultural remains of modern man in 
India. The admixture between the Pa¬ 
laeolithic man and the agricultural mi¬ 
grations is seen in the above-mentioned 
studies including our own. However 
these findings do not rule out a more 
recent Asiatic admixture in the north¬ 
eastern Indian population. Nevertheless, 
the mtDNA studies of the Indian popu¬ 
lation have identified the remnants of an 
ancient Indian population which would 
have spread throughout the subcontinent 
and got mixed with the later migrants. 
We would like to point out again that 
the available evidence indicates that the 
early population would have reached 
India as part of the first modern man 


migrations from the west towards the 
east. 
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A dialectical perspective of agricultural research 
for sustainable development 


P. Narain 

In spite of increased food production in the country due to green revolution, current levels of pro¬ 
duction cannot be sustained to meet the growing needs of the country. This is because of concur¬ 
rent degradation of environment in terms of salinity, water-logging, soil erosion and air as well 
as water pollution, etc. How do we maximize productivity to meet the food needs of the country 
without deteriorating the environment? This is a challenging task and it requires altogether a 
different approach in the very basic methodology of agricultural research. We discuss this ap¬ 
proach - an approach based on dialectical principles. A dialectical perspective as against the 
hitherto practised reductionist approach, is presented in relation to sustainability in agricultural 
production with several illustrative examples. 


Our country has now a massive infrastructure for agri- 
cultural research, education and extension development 
in terms of ICAR research institutions as well as the 
state agricultural universities. The efforts of the scien¬ 
tists working in these organizations coupled with the 
hard labour put in by millions of farmers across the 
country have brought in what is popularly known as the 
green revolution. This has made it possible for the total 
food production to rise from about 50 million tonnes in 
1950 to about 190 million tonnes in 1995. However, 
what we have achieved is in terms of the physical access 
to food. We have not been able to insure its economic 
access, the majority of the population not having ade¬ 
quate income to buy the food they need. The disparity 
between rich and poor farmers has increased despite the 
green revolution technology being neutral to scale, but 
of course, not resources neutral^ Moreover, major ad¬ 
vances in development in general and agricultural pro¬ 
duction in particular have also brought in its wake 
serious environmental degradation in terms of salinity, 
water logging, soil erosion, air and water pollution. Out 
of the total geographical area of 329 million hectares, 
around 175 million hectares have been affected by one 
form of degradation or the other. 

We have, in fact, adopted a high-entropy agriculture 
wherein the aim is to use high energy flow to create 
more wealth even if it means degrading the environment 
and incurring greater losses in the form of soil erosion 
and loss of pest resistance. Of late, there has been 
growing concern on this account at the global level, the 
emphasis having shifted to stressing the low-entropy 
agriculture wherein the nature is not exploited in the 
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production process but is instead harmonized so that the 
entropy of the environment decreases and sustainability 
in agricultural production is promoted. However, 
whether these so-called ‘eco-farming’ methods will bear 
fruit in providing the increased production rapidly to 
take care of the need of the ever-increasing population is 
debatable. It therefore seems that we need to look into 
the production process itself, particularly at the funda¬ 
mental level to discover how it affects the environment 
in addition to being affected by it. It is only when we are 
able to understand the feed-back and feed-forward 
mechanisms of such a process in relation to environment 
that we can discover ways and means for incorporating 
sustainability in agricultural production. It seems this 
calls for altogether a different approach in the method¬ 
ology of agricultural research itself - an approach based 
on dialectical principles. In what follows, I discuss this 
approach in agricultural research. 

Reductionist approach in agricultural research 

In crop sciences, the reductionist approach makes us 
regard each plant as a separate element existing in an 
environment consisting of soil, water, air, sunshine, etc. 
as well as other neighbouring plants. Each plant experi¬ 
ences and grows in response to its environment but the 
reciprocal phenomenon of the reaction of the environ¬ 
ment in response to the plant itself is ignored. The inter¬ 
action between the two is regarded as unidirectional in 
this approach - from environment to the plant but not 
vice-versa. We regard the properties of the plant as 
wholly predictable, barring random errors. But we know 
that for soil, plant seedling is the environment and the 
soil undergoes significant changes as a consequence of 
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plant growth and that such changes in turn feed back on 
the plant’s condition. In fact, air, water and soil interact 
directly with plant life and can be regarded as an inte¬ 
gral part of it. For instance, if the soil is wetted, it is 
estimated that 10 million or so microbes living in cm^ of 
it begin to produce and remove gases from the atmos¬ 
phere and to interact at many different levels. The re¬ 
ductionist approach fails to take this into account. The 
competition of certain weed species with certain crops is 
a serious problem for farmers which is normally tackled 
by application of herbicides. But not all weeds are bad 
for crops and weed species compete among themselves. 
By using broad-spectrum herbicides, beneficial weeds, 
those that compete with harmful weeds are destroyed 
along with the harmful weeds they displace. This results 
in a weed problem created partly by the very operation 
that is supposed to cope with it. The same is true for 
insects which are selected for genetic resistance to in¬ 
secticides by the very insecticides used to control them. 
In other words, the greater the cure, the greater the 
problem just because we isolate particular causes and 
tackle them in a reductionist fashion. 

Dialectical perspective and sustainable 
development 

If we look to the concepts of part and whole of a given 
system, we find that they have a special relationship to 
each other, in that one cannot exist without the other, in 
more or less the same fashion as the concept of up can¬ 
not exist without the concept of down. What constitutes 
the part is defined by the whole under consideration. 
Moreover, parts acquire properties by virtue of being 
parts of a particular whole, properties they do not have 
in isolation or as parts of another whole. Things which 
follow such properties are called dialectical. The Bres- 
sanone Conference held in 1981 showed for the first 
time the usefulness of dialectical approach as a critique 
of the current state of biological theory^. 

If the dialectical perspective is taken for the process of 
food production, we have to, by necessity, take not only 
environmental factors into account, but consider them as 
parts of the whole system. A dynamic view is to be as¬ 
sociated with the system. As production requirements 
change (increase) due to population increase and rise in 
income levels, the environmental components are to be 
adjusted and vice-versa. In fact, both at the macro- as 
well as at the micro-levels, we have to look for concepts 
which are akin to dialectical ones in nature. In that case, 
increase in production will take into account the changes 
in environment. Both will go hand in hand as parts of 
the whole which itself will change over time. But this is 
what sustainability in production is about since it will 
lead to development of technologies which would meet 
short-term requirements while maintaining the ability to 


meet long-term needs. A dialectical view, therefore, 
seems to be necessary for developing methodologies 
which lead to sustainable agricultural production. 

Dialectical approach in agricultural research 

The reductionist approach hitherto used involves 
searching for levels of inputs, either singly or jointly, 
which optimize the output levels for crops/ 
livestock/fisheries, etc. in a given region. Often the 
physical optima for different input levels are uneconom¬ 
ical as well as affect the environment adversely. If the 
latter is taken into account, we have a situation of con¬ 
strained optimization which will give less output than 
predicted previously. This brings in a conflicting situa¬ 
tion. For meeting the growing demand of production due 
to population growth and rise in income levels, higher 
levels of input and therefore increase in cost are now 
inevitable. We have, therefore, to search for a technique 
which can conserve input use and thereby reduce cost. 
This can be achieved by adopting the dialectical per¬ 
spective in which bilateral relationships between output 
and input use are exploited along with the interaction 
effects with other parts of the total system. We have to 
take into consideration all the factors even if they seem 
to be hardly related to the problem. A very general ap¬ 
proach like this will reduce to the particular solution if 
the seemingly unrelated factors show feeble interactions. 
Whereas if we ignore them, we have no means of recover¬ 
ing the interaction effects, should they turn out to be impor¬ 
tant later on. It is important to note that the approach will 
also depend upon whether we are investigating at the micro- 
or the macro-levels. A few examples can make this clear. 

When we talk about the land use for agriculture, we 
have to take into account those changes in land use 
which cause changes in its relationships with water, 
weather, air quality as well as wildlife. We cannot just 
think of only 47% of land use meant for cultivation in 
isolation. We have to consider also the land that is not 
cultivated like forest, pasture, wasteland, culturable 
waste, etc. A mosaic pattern of land use needs to be es¬ 
tablished which combines field crops, perennial crops, 
orchards, forests, etc. in such a way as to benefit the 
whole region rather than maximizing production of each 
plot separately. Mixed land use provides buffers against 
several unexpected events and pest damage in addition 
to preserving soil fertility and spreading the demand for 
labour. The Government of India formulated the 
National Land Use Policy probably from this angle. 
Similarly, when we talk about water policy in relation to 
agriculture, we have to approach it holistically taking 
into account its relationships with all other environ¬ 
mental components. The National Academy of Agricul¬ 
tural Sciences, New Delhi, has recently brought out a 
publication, covering all aspects, entitled Agricultural 
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Scientist's Perceptions on National Water Policy^, after 
intensive debate and discussion during the Second Agri¬ 
cultural Science Congress held at Andhra Pradesh Agri¬ 
cultural University, Hyderabad in January 1995. 

Agricultural, industrial, energy and environmental 
policies are to be tuned to each other to attain sustain¬ 
able development in the country. In agricultural plan¬ 
ning, wo simply cannot isolate the problem for 
developing a strategy for increasing food production. 
We have to consider the rural infrastructure, the indus¬ 
try, the foreign exchange, the nutrition, the health of 
agricultural workers and consumers and a host of other 
interacting factors. For instance, reliable all-weather 
transport is highly desirable for achieving a high level of 
intensity of farming, labour input per hectare, wage rates 
and rate of growth in non-farm employment. Due to lack 
of investment in such infrastructure, the long-term food 
security is doubtful. At present we are confining only to 
the species of crops already domesticated in the past. 
More diversity can be created by domesticating new 
species. Farming techniques need to be developed which 
include crop rotation, recycling of crop residues and use 
of soil micro-flora and invertebrates to promote soil 
fertility. 

It seems the dialectical approach amounts to conduct¬ 
ing research on each and every farm holding of the 
country as the ecology resource base and socio¬ 
economic condition of every farm are usually different. 
Not only that, the detailed knowledge and experience of 
the concerned farmer about his own farm are to be wed¬ 
ded to the theoretical knowledge of the farm scientist 
which he wishes to apply on that farm. In fact, often the 
sustainable agriculture that we are talking about is in¬ 
herent in the experience of the farmer himself which he 
and his forefathers have learned from nature. What is 
probably required is to give a technical re-orientation to 
his knowledge and experience so as to increase his farm 
productivity, A collaborative and more intimate rela¬ 
tionship between the farm scientist and the farmer is 
thus called for. 

The dialectical approach is very similar, though not 
identical, to systems approach. In crops, integrated pest 
management (IPM) is one example of such a system 
which has helped improve pest management pro¬ 
grammes by determining exactly when pesticide appli¬ 
cations are necessary. The concept has now been 
extended to what is known as integrated crop manage¬ 
ment (ICM) which includes pest management, fertility 
management, crop rotations, production record analysis 
and variety selection. In such a system the inputs are 
optimized at the micro-level relative to yield, profitabil- 
ity and environmental impact. A well-developed ICM 
system utilizes a system of Best Management Practices 


(BMPs) to achieve the most profitable and environmen¬ 
tally sound yield level, known as maximum economic 
yield (MEY). No doubt MEY will be somewhat lower 
than the maximum potential yield for the given soil- 
crop-climate system. Such a system requires an in-depth 
study of appropriate BMPs through research projects, 
coupled with on-farm demonstrations and exten- 
sion/consultancy programmes for site-specific manage¬ 
ment planning. These BMPs may change as economics 
change and/or as new technology becomes available. 
The Cropping Systems Programme adopted by Interna¬ 
tional Rice Research Institute^ involving rice-based 
cropping systems that are more productive than the ex¬ 
isting systems, acceptable to farmers and sustainable 
over time is another example of this kind. The research 
approach is focussed on on-farm research with farmers 
participating in the research process. Research was con¬ 
ducted in farmer’s fields in a defined rice environment 
and problems were fed back to discipline researchers to 
make their research focus relevant to farmers’ problems. 

Conclusions 

In short, the intrinsic complexity of the agriculture sys¬ 
tem has to be fully recognized in the dialectical ap¬ 
proach. What is needed is neither a labour-intensive 
agriculture nOr an energy and capital intensive agricul¬ 
ture, but somewhere in-between - an agriculture based 
on thought-intensive technology in which the object of 
research is not to find new inputs but rather to find ways 
to reduce input use for reduction of cost. It seems the 
new paradigm of the method of agricultural research in 
years to come will have to be viewed in a dialectical 
perspective. It is only then that we can ensure ecological 
sustainability coupled with economic efficiency. Due to 
in-built dynamism in such an approach, we can meet 
current needs in agricultural production without sacrific¬ 
ing the prospects for meeting the needs of future gen¬ 
eration. In other words, a dialectical perspective for 
agricultural research is expected to lead to sustainable 
development. 
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Metallocarbohedrenes: Recent advancements 
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The recently discovered family of molecular clusters, 
metallocarbohedrenes (metcars), have generated 
considerable excitement in cluster chemistry. Metcar 
research has spread into a large number of transition 
metals and mixed metals and recent investigations 
point to the complexity and variety of metcar chemis¬ 
try. The structure and electronic properties are vig¬ 
orously studied by various methods of theory. Many 
of the earlier assumptions have been proved wrong 
by carefully planned experiments and detailed com¬ 
putational studies. Metcar research will certainly 
intensify in the years to come in view of their pre¬ 
dicted novel properties. 


Some of the most interesting experiments in contempo¬ 
rary chemistry are centered around molecular clusters. 
Clusters are aggregates of ions, atoms or molecules that 
are weakly bound together, having properties in-between 
those of gaseous and condensed states of matter^ Most 
of the available chemistry of molecular clusters is in¬ 
vestigated by mass spectrometry. The discovery of 
buckminsterfullerene^ in mass spectrometric experiments 
has added greater impetus to molecular cluster chemis¬ 
try; the associated physics and materials science also 
attracted attention. Recently the observation of a peak at 
528 amu in the mass spectrum of a laser evaporation 
experiment culminated in the discovery of yet another 
class of cage-like molecules called metallocarbohedre¬ 
nes, shortly ‘metcars’^. Castleman and co-workers made 
this discovery while studying the dehydrogenation reac¬ 
tion of hydrocarbons using metal ions, atoms and clus¬ 
ters^. The experimental setup they employed for this 
discovery was a mass spectrometry/mass spectrometry 
(MS/MS) system coupled with a laser vapourization 
source. By performing isotopic labelling experiments 
and reactions with NH 3 , they came to the conclusion that 
the elemental composition corresponding to 528 amu is 
TigC^. They proposed a pentagonal dodecahedron 
structure to explain its stability (Figure 1 a). They later 
extended the investigations to other early transition 
metals'^, V, Zr and Hf and obtained clusters of the same 
composition, In the case of Zr there is also mul¬ 

ticage formation^. Pilgrim and Duncan^ showed that 
metcar is also possible with Cr, Mo and Fe; face- 
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centered cubic (fee) structures beyond metcars (which 
exists in the cubic form) called nanocrystals’“’° were 
also observed. Binary metal metcars of Ti, Y, Nb, Mo, 
Ta and W have been produced by direct laser vaporiza¬ 
tion of mixtures of the metal carbide and the metal". 
Studies related to the mechanism of formation suggest 
that metal-carbon clusters first develop through multiple 
ring structures via the successive addition of MC^ 
units*^"^. Photodissociation and metastable decomposi¬ 
tion experiments were performed on metcars^~^° and it 
was found that the decomposition channel for TigCfa is 
through the loss of Ti atom. Castleman et al. studied the 
reaction of metcar with H 2 O, NH 3 and CH 3 OH which 
resulted in the formation"'* of MgC^ (H 20 ) 8 , etc. With jc- 
bonding molecules such as benzene it resulted in the 
formation of M 8 C 12 (benzene) 4 . Reaction of metcar with 
acetone is an association process whereas abstraction 
takes place with iodine to form M^Cn-l (ref. 15). 
The metcar research until early 1995 was summarized in 
an earlier review^^. Since then, many new experiments 
have been performed and our understanding of these 
unusual clusters has improved substantially and many of 
the earlier assumptions have been proved to be untrue. 
We present here the state-of-the art of the subject 
matter. 

Theoretical investigations on metcars focused mainly 
on the structure and stability of the cluster. Castleman et 
at. proposed a dodecahedral structure (Th point group) 
for metcars^. It can be viewed as a cubic Mg cluster with 
six C 2 units capping the six faces of the cube^^“^° 
(Figure 1 a). Hay subsequently showed that the elec¬ 
tronic configuration with lowest energy for the Ti, cage 
of TigCn corresponds to a nonet state with one unpaired 
electron each localized on the Ti atoms^^ Calculations 
predicted that TigC^ with Th symmetry will undergo 
Jahn-Teller distortion^^”^"^. Another structure which has 
received considerable theoretical attention with less ex¬ 
perimental evidence is the tetracapped tedrahedron of 
symmetry (and the closely related structure of D 2 d 
symmetry), proposed by Dance^^ (Figure 1 b). Geomet¬ 
rical optimizations carried out using either density func¬ 
tional approach or ab-initio Hartree-Fock methodology 
show that a 45° rotation of all dicarbon fragments with 
respect to the underlying skeleton of metal atoms leads 
to a cage structure with 36 metal-carbon bonds which 
is much more stable than the pentagonal dodecahe- 
dron'^-^^ 
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Figure 1. a, Th structure (from ref. 35); b, Tj structure (from ref. 35). 
The open circles denote carbon and the shaded circles denote the 
metal atoms. 

New synthetic approaches towards the 
production of metallocarbohedrenes 

In the beginning, metcars were produced in time of 
flight mass spectrometers coupled with laser vaporiza¬ 
tion source^. Duncan’s group also followed a similar 
procedure and analysed metcars formed by means of 
reflectron mass spectrometry^. Bowers and coworkers 
used an ion chromatography apparatus with laser 
desorption'^^ In all these experiments, dehydrogenation 
of hydrocarbons by means of metal ions resulted in the 
formation of metcars. Metcars of Ti and Zr have also 
been formed by direct laser vapourization of the respec¬ 
tive carbides"^^. Binary metal metcars of Ti with Y, Nb, 
Mo, Ta, and W have been produced by direct laser va¬ 
pourization of a mixture of Ti carbide and the metal . 
Later experiments with titanium—graphite mixed rods 
exhibited the same kind of cluster distribution as was 
seen with the metal and hydrocarbon^^. Metcar was also 
detected in soot obtained by arc evaporation of a Ti-C 
composite'^'^. Recently Lu et al. generated metal-carbon 


clusters from a pulsed arc cluster ion source"^^. Here the 
pulsed arc cluster ion source is coupled to a reflectron 
time of flight mass spectrometer. Between two electri¬ 
cally isolated electrodes, a high voltage (up to 
1200 V)/high current pulsed arc discharge is fired on the 
arrival of He gas. The plasma carried by helium travels 
through a 1.5 mm diameter and 15 mm long channel and 
supersonically expands into vacuum. In this channel 
cluster growth takes place. Then the cluster ions cooled 
by supersonic expansion are carried to the extraction 
region of a reflectron time of flight mass spectrometer 
where they are analysed. In this setup, a composite rod 
prepared by packing a metal oxide/graphite mixture 
placed within a graphite rod serves as the cathode. Arc 
evaporation resulted in a mass distribution correspond¬ 
ing to VgCfc metcar when the metal oxide is V 2 O 5 . 

Tast et al, observed metallocarbohedrenes by the de¬ 
struction of metal-fullerene clusters"^^. The cluster 
source they used for this purpose is a low-pressure, inert 
gas condensation cell. Using a Nd:YAG laser, transition 
metals were evaporated inside the condensation cell. 
Fullerene vapour obtained from a resistively heated 
oven is allowed to mix with the vaporized metals. This 
vapour mixture is quenched in a low-pressure helium 
atmosphere cooled by liquid nitrogen. By varying the 
temperature of the fullerene oven and the power of the 
vapourization laser, formation of the clusters is con¬ 
trolled. The composition CeoMx and CvqM^ formed is 
carried from the condenzation cell through a nozzle and 
differential pumping stage into a high vacuum chamber 
where it is photoionized and mass analysed in a time of 
flight mass spectrometer. When the reaction was per¬ 
formed between Ceo and vanadium, it results in a distri¬ 
bution of clusters, C^qVx at lower laser intensities. At 
higher laser intensities, VsC^ is formed, maybe because 
of photofragmentation of metal-coated fullerene mole- 
cules^^ Products obtained from the photofragmentation 
of either Csq^x or CvqV^ results in the same distribution 
of metal carbon clusters with enhancement in the signal 
for VgCn cluster. This suggests that V„C^ clusters produced 
by the photoffagmentation of vanadium-coated fullerenes 
have no memory of their origin. Similarly, in the case of Ti 
at low-laser intensities, only CeoTi^ or CvoTi^ are observed, 
which on exposure to high-laser intensities results in TigCn. 
In the case of Ceo^hx and CaoTaj,, fragmentation behaviour 
is different from that of C 60 V;, and CeoTi^^. At high-laser 
intensities, both CeoNb^c and C6oTa^ yield NbnCnt and Ta„C;„ 
respectively with a metal-carbon ratio of 1:1. Fragmenta¬ 
tion of CsqVx starts with metal atom loss but in the case of 
CeoTa^ it starts with carbon loss. 

Theoretical studies on metcars 

Arriving at the preferred structure of MgC^ computa¬ 
tionally is a difficult problem^^, because, it is difficult to 
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guess the electronic configuration of lowest energy for a 
given geometry; number of local minima occur on the 
potential energy hyper surface at the single configura¬ 
tion Hartree-Fock (HF) level and delocalization of 
metal d electrons may alter the results obtained at single 
configuration HF level^l Relaxing the symmetry con¬ 
straints of Th point group induces considerable decrease 
in energy (-350 kcal/mol)^^. The structure obtained had 
Td symmetry and is described as a tetracapped tetrahe¬ 
dron of metal atoms bridged by six C 2 fragments (Figure 
1 b). Each of the four capping metal atoms (designated 
as outer metal atoms) are sigma coordinated to three 
adjacent C 2 units. Each of the inner Ti atoms are sur¬ 
rounded in a planar conformation of six carbons display¬ 
ing side-on coordination. Calculations by Rohmer et 
al?^ indicate that the configuration lai^ lt 2 ^ le"^ Iti^ 2ai^ 
is not the stable one (previously considered to be stable 
by Lin and Hall^^’^®). The configuration (considering 
only 20 metal electrons, see later) corresponds to that of 
the metal electrons; it is assumed that of the total 32 
metal valence electrons, 12 are donated to the six C 2 
units and the remaining 20 are distributed in the various 
molecular orbitals (MOs). The reason for this instability 
is the symmetry-imposed delocalization of the d elec¬ 
trons. The four electrons occupied in orbitals lai and 
2aj should be localized on specific metal centres. The 
first possibility is localizing four electrons on the four 
equivalent metal atoms of the inner tetrahedron resulting 
in a ^A 2 configuration (It 2 ^,le'^,lti^,lai\ 2 t 2 ^) whereas 
the other 16 electrons are localized on the other metal 
atoms. Energy of this structure works out to be 
-7228.3947 a.u. The second possibility requires the lo¬ 
calization of four electrons on four equivalent atoms of the 
outer tetrahedron, the four MOs equally populated are 2ai 
and 3t2 which give an energy of -7228.22687 a.u., 104 
kcal/mol higher than the ground state energy. 

TigCn could be mixed valent! 

In the quintet ground state^^ metal electrons are local¬ 
ized primarily on four titanium atoms of the large tetra¬ 
hedron (designated as THN), each having an electronic 
configuration d"^ and an oxidation state Ti(0). Therefore, 
sixteen electrons localize on four Ti atoms of the large 
tetrahedron and the remaining four electrons localize on 
four outer metal atoms (designated as thn) with elec¬ 
tronic configuration d^ and oxidation state Ti(lll). In 
the excited quintet state, there will be an opposite distri¬ 
bution of twenty electrons among the eight metal atoms. 
The transition can be represented as, 

Ti4(0)THN TUd 1 l)tha Ti4(l 1 1)tHN Ti4(0),hn. 

ground state quintet exited state quintet 

Geometry of the cage cluster intermediate between these 
quintets corresponds to the structure of pentagonal 
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Figure 2. Energy profile computed for a hypothetical interconver¬ 
sion from ground state quintet of Td form (1) to excited state quintet 
of Td form (3) through an intermediate structure with Th symmetry 
(2) (from ref. 38). 

dodecahedron with Th symmetry^®. Self-consistent field 
(SCF) energy computed for the doubly degenerate 
quintet state of the Th structure is -7227.7988 a.u., con¬ 
siderably greater than the energies of the T^ quintet 
states. Structures and energetics of the transition are 
shown in Figure 2 where the structures are denoted as 1, 
2 and 3. This large barrier for conversion is due to Ti-C 
interaction being less favourable in 2. In 1 and 3, the 
dicarbon units are part of a planar, acetylene-like 
Ti-C=C-Ti structure. The electronic structure of acety¬ 
lenic molecules is retained in the quintet state of 2 even 
though the Ti-C=C-Ti skeleton is not planar any more. 
The Th structure has an ethylenic structure. Apart from 
Td, other structures do exist on the potential energy hy¬ 
per surface^'^ A singlet coupling of four unpaired elec¬ 
trons in Td symmetry leads to the lower energy ^Ai state 
and the quintet state is higher in energy by 6.5 
kcal/mol, in a configuration interaction (Cl) calcula¬ 
tion'"^^. This distinctive stability of Td structure is due to 
specific arrangement of C 2 ligands which separates 
sigma interactions involving the large tetrahedron of 
metal atom from TC-interactions in the small tetrahedron. 
In the singlet state, Ti-Ti distance was decreased in thn 
(3.052 A) with respect to the quintet state (3.114 A) 
(ref. 39). Triplet coupling of four electrons leads to a 
low energy ^Ti state^^. The singlet-triplet energy gap is 
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2.4 kcal/mol at the SCF level and 2.9 kcal/mol at the Cl 
level^^. Transferring the localization site of four un¬ 
paired electrons from thn to TEN results in a series of 
states. This results in expansion of the small tetrahedron 
and increase in bond distances except for C—C. This 
geometrical change is due to electrostatic repulsion in¬ 
duced by four unpaired electrons toward the metal atoms 
of the other tetrahedron. 

Electronic structure of metallocarbohedrenes 

Electron localization appears to be an important issue in 
the assignment of the ground state of metcars. Hay in¬ 
vestigated TigCu, considering it to have Th symmetry 
and found that Ti atoms are too far apart to generate an 
antiferromagnetic coupling so that the nonet state is 
more stable^'. According to him, eight metal electrons 
are localized on eight equivalent titanium atoms. But in 
the T(j structure, there are two subsets of metal atoms 
(THN) and (thn). Each Ct fragment is sigma-bonded to 
two metal atoms of THN and is acetylenic type, consid¬ 
ered as C 2 ~. The number of metal electrons in the clus¬ 
ter is therefore 32 - 12 = 20. Sixteen metal electrons are 
in eight MOs (lt 2 + le -i- Iti) which take an active part in 
back donation towards n* orbitals of the C 2 units. The 
problem of localization/delocalization starts from the 
remaining four electrons. Four electrons can be local¬ 
ized either on thn or THN, both are quintet states sepa¬ 
rated by 104 kcal/mol. Stable quintet is the one in which 
four electrons are localized on thn. This configuration is 
favoured, because of the occupation of the MO lai (a 
bonding combination); here dzMike orbitals are point¬ 
ing in-phase towards the small tetrahedron located 
I. 91 A from each apex. But in 2ai (bonding combination) 
the large tetrahedron size prevents overlap between 3d 
orbitals of Ti. Antiferromagnetic coupling of four un¬ 
paired electrons induced by relative stability of lai with 
respect to 2t2 accounts for the singlet ground state. En¬ 
ergy stabilization due to the coupling of four unpaired 
electrons was computed to be Ej/q = 6.5 kcal/mol with 
respect to the quintet state. Ground state of TigC^ cor¬ 
responds to localization of four unpaired electrons on 
four metal atoms of thn site. Because of short Ti—Ti 
distances in thn, an antiferromagnetic coupling develops 
through in-phase combination of four dz -like orbitals 
(la* bonding orbital) and the ground state^® is ’Ai. 

Ian Dance in his calculations has shown that there is a 
barrierless transformation of Ti 8 Ci 2 from isomer Th to 
Td with the consequence that even metastable occur¬ 
rence of Th is not possible'"*. The transformation needs 
an intermediate loss of mirror symmetry. Dance calcu¬ 
lated the energy and geometry changes during 33 steps 
of transformation of TigCn- first eight steps, there is 
an energy reduction with twisting of opposite C 2 groups 
and increase in Ti-Ti distances. Dance has also studied 
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the mechanism of transformation of TiuCia to TigCn by 
means of gradient corrected-density-functional 
method^’. By optimization of the structures of the inter¬ 
mediates, the mechanism proposed by Pilgrim and Dun¬ 
can for the sequence of extrusion reactions is supported 
and substantiated. He has drawn important conclusions 
from calculating binding energies of TiuCis, TiiaCis, 
Tii 2 Ci 3 , Ti,iC,3,TiioCi3. T^Cn and TisCi 3 . They are; (i) 
the first stage of photoextrusion of Ti from TiidC^ must 
be unfavourable thermodynamically, (ii) the second 
stage (formation of TiuCu through photoextrusion of Ti 
from Tii 3 Ci 3 ) is more favourable, (iii) the intermediate 
TinCfs with three-fold symmetry and with structural 
features similar to TigCfg is energetically favourable, 
and (iv) the thermodynamic energy requirements for 4th, 
5th and 6th extrusions of Ti atoms are lower than those 
of the first three. 

Arshad Khan proposed a metal-decorated carbon cage 
structure to explain Duncan’s experiments . He calcu¬ 
lated the energy to remove the Ti atom from a central 
position and a corner position to get Tii 3 Ci 3 in the fee 
structure proposed by Duncan. It was found that more 
energy is needed to remove a Ti atom from a central 
position than from a corner position. The mechanism 
proposed by Pilgrim and Duncan'** '*® is not in accor¬ 
dance with this observation. In photodissociation ex¬ 
periments, Tii 4 C ]3 gives Ti 8 Ci 3 , which suggests that 
there are six weakly bound Ti atoms in TiuCn. So the 
antiprism metal decorated carbon (MDC) cage structure 
was proposed, with an extra carbon atom within the 
cavity and six Ti atoms bonded around the hexagonal 
plane of carbon atoms. This structure has six weakly- 
bound Ti atoms which can readily dissociate to a TigC^ 
structure. From binding energy values calculated, both 
fee and D 3 d(MDC) structures can be valid but fee fails to 
explain the experimental results. Vi 4 Ci 3 gives VgC^, 
FeuCig forms Fei 2 Ci 2 rather than FeuC^ and ZruCig 
gives ZrgC |2 but not ZrgCjg. All these uncertainties are 
suggested to be due to the experimental error at high 
mass numbers (mass error = 1 carbon atom, see below). 

Khan has also studied different isomer structures of 
neutral Ti metcar (TigC^) and compared their stabili¬ 
ties^®. Binding energy of 6.95 eV/atom for the antiprism 
MDC structure is larger than most of the distorted do¬ 
decahedron (DD) structures which range from 6.1 to 
6.6 eV/atom. So MDC structure is the most favourable 
structure^®”"'*. Isomers studied are the MDC structure, 
cubic structure and the DD structure. From this MDC 
structure, Khan was able to explain the photodissocia¬ 
tion experiment, mixed metcar formation, etc. 

Benard et al. investigated the addition of NH 3 , Cl, CO 
and CeHg to TigCn by means of ab-initio Hartree-Fock 
and density functional theory calculations . The Tj 
symmetry structure with two different metal sites, con¬ 
sidered to be the more stable one, was chosen for mod¬ 
elling. Addition of four ligands to the external 
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tetrahedron of metal atoms is found to be exothermic. 
Formation of TisC^ (CI )4 is highly exothermic. When 
L = Cl or NH3, addition of four more ligands to Ti8Ci2 
(L)4 appears to be feasible. In this case, Cl or NH3 gets 
easily added to the inner tetrahedron, resulting in the 
formation of TigCn (L)8. In the case of 7t-bonding mole¬ 
cules like benzene and weakly polar molecules like CO, 
only four molecules are added since they have lesser 
affinity for inner tetrahedron of metal atoms. 

Khanna^^ has explored the possibility of formation of 
mixed metallocarbohedrenes containing metal, carbon 
and nitrogen. His suggestion was to substitute two C 2 
units each at the top and bottom by means of nitrogen 
molecules leading to Ti 8 N 4 C 8 (ref. 53). From experi¬ 
ments, it is already known that fragmentation of TigCu 
results in loss of Ti atoms until T^Cn is reached fol¬ 
lowed by carbon cluster losses. Therefore, to open the 
metcar cage, removing C 2 units is difficult. But in 
Ti 4 N 4 C 8 weak N-N bond can be broken and endohedral 
implantation can be done. Ab-initio self-consistent cal¬ 
culations carried out assuming a D 2 d structure show that 
N-N bond in metcar cage (2.82 a.u.) was larger than 
that of free nitrogen molecule (2.13 a.u.). Binding en¬ 
ergy calculated for the nitrogen molecule in Ti 8 N 4 C 8 is 
6.5 eV. Therefore, this cluster should be stable and can 
be observed in experiments. 

Experiments to probe the structure 

It is known that Ti 8 Cii 2 reacts with molecules such as 
H2O, NH3, CH3OH, and CsHg mainly via an association 
mechanism. To find whether the reactivity of Ti 8 Cj '2 
and its stability are similar to other titanium clusters 
(TigC f 3 , TisC fi, etc.), reactions of clusters with acetone 
were examined^^ As already known, TigCfa undergoes 
association reaction with acetone, but TigCn exhibits 
both association reaction and breakage of chemical 
bonds (Figure 3). These two reactions can be described 
as, 

Association reaction 

TigC J-i + CH3COCH3 TigC fi (CH3COCH3) 
Chemical reaction 

TigC fi + CH3COCH3 TigC ti (COCH3) + CH3. 

This result was rationalized in terms of the closed cage 
structure proposed for metcars. TigC fi has a vacancy 
left by the missing carbon atom, which leads to an 
opening in the cage. When this cluster reacts with ace- 
tone, reactant molecule breaks and COCH3 unit from 
acetone fills the hole left by the missing carbon atom in 
the cage, so that the cage can be closed. In the case of 
TigC fa, three possible channels of reaction are found: 

(i) association reaction, (ii) the dominant pathway lead¬ 
ing to TigCfc, i.e. TigCfa +CH3COCH3-^Ti8Cf2 
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I'igure 3. Product distribution arising from inultistcp reactions 
of TigCiiwith acetone. The peak labelled by 1 corresponds to the 
association reaction of TigCfi with acetone. The peak labelled by * 
is the chemical reaction product. Association products on to the peaks 
marked 1 and * are labelled n and n respectively (from ref. 54). 

+ products, and (iii) replacement reaction, where a car> 
bon atom is replaced by an acetone molecule or its 
fragment. 

TigC 14 also displays reactions similar to that of 
TigCfs. Both TigCfs and TigCJi fragment to TigC fa by 
loss of one or two carbon atoms which confirms the 
proposed closed cage structure for metcar. Reactions 
exhibited by TigC fa and Ti 8 Cf 4 are different from 
TigC fi. Different pathways may be due to the coexis¬ 
tence of several isomeric structures. For example, in the 
case of TigC fa, the isomer which is more reactive un¬ 
dergoes chemical reaction involving the breakage of 
bonds. The other isomer which is less reactive (carbon 
doped metcar) undergoes association reaction. These 
studies confirm that neighbouring Ti—C clusters are 
more reactive than the metcar, TigC fa , Lack of reactiv¬ 
ity of TigC fa with CH3COCH3 is consistent with a 
closed shell thermodynamically stable molecular cluster, 

Metcar adducts 

Metcar adducts TigCfa(M)„ (M = halogens, n bonding 
molecules and polar molecules, n = 1—8) are formed by 
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thermal reactions. Metcar undergoes abstraction 
reactions with halogens to form Ti 8 Ci *2 -X + X’, asso¬ 
ciation reaction with n bonding molecules (see below) 
leads to adducts such as TigC 1^2 (pyridine) 4 , 
Ti 8 Cf 2 (CH 3 COCH 3)4 and TigC f 2 (CH 3 CN )4 and polar 
molecules such as 2-butanol gives a truncation at 
TigC 1*2 (2-butanol)8 (ref. 55). By the direct interaction of 
Ti with mixtures of methane and selected reactant gases, 
a new method has been developed for the formation of 
metcar-ligand complexes. Three different types of reac¬ 
tions exhibited by metcars were identified. Oxidation 
occurs when metcars react with halogen containing 
molecules through valence electron donation from 
TigC 1*2 to the halogen atom. With tc bonding molecules, 
Ti 8 Cf 2 forms ‘surface complexes’ in which a ligand 
binds two metal atoms in the pentagonal ring through 
d-^ interaction. So a maximum of four Tt-bonding mole¬ 
cules are accepted, leading to a truncation at Ti 8 Cf 2 
(jr-bonding molecule) 4 , this is true with benzene and 
acetylene. With acetone, pyridine and acetonitrile, prod¬ 
uct distribution truncates at Ti 8 Cf 2 (Y) 4 , where 
Y = acetone, pyridine or CH 3 CN. Very small peaks of 
TigC 12 (Y) 5,6 are also observed, because these molecules 
are both 71 -bonding and polar. It may be concluded that 
Tt-bonding molecules associate to Ti 8 Cf 2 differently 
than non c 7 r-bonding molecules do. 

In contrast, ion-dipole interaction leads to the forma¬ 
tion of Ti 8 Cf 2 (M)i _8 where M are polar molecules^^. 
With 2-butanol, there is a truncation at TigC {*2(2- 
butanoOg which supports the structure proposed by 
Castleman. According to Castleman, if theoretically 
predicted structure is correct, then there should either 
be a prominent cluster distribution or a magic number or 
truncation at TigC 12 (polar molecule) 4 , but none has 
been seen hitherto. 

Ti 8 Cf 2 (I) formed from reaction of Ti plasma with a 
mixture of methane and Mel was mass selected and its 
reaction with methanol was studied. Here cluster distri¬ 
bution terminates at TigCfz (I)(iTiothanol) 7 , which con¬ 
firms that eight metal atoms in Ti 8 Ci 2 are reactive and 
one Ti atom can associate with only one reactant mole¬ 
cule, which is against the Td structure, suggesting that 
only four Ti atoms are reactive. 

Frieser et studied the reactions of metallocar- 

bohedrene VgCfa with H2O, NH3, ROH (R = CH3, C2H5, 
etc.) and CH3X (where X = Cl, Br and I). Upon the re¬ 
action of V8 Ci* 2 with trace quantities of H2O in an ion 
cyclotron resonance (ICR) cell, the spectrum obtained 
showed complex reaction sequences (Figure 4 ). The 
reaction proceeds in three steps: (i) initial association of 
H2O, (ii) addition of second water molecule leads to the 
elimination of hydrogen yielding V8Ci2(OH)5 , and (iii) 
further reaction leads to a truncation at 
V8 Ci 2(0H)2(H20)*^. This final product remains inert 
even when reaction time and pressure of water were in¬ 
creased to 40 s and 3.9 x 10 "® torr, respectively^^. With 
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Figure 4. Reaction of YxCti with water at different reaction times, 
fl, 2 s; ft, 6 s; c, 10 s and d, 14 s (from ref. 57). 

NH3 and alcohols also there is a truncation at 
VbCi 2(NH3)J and V8Ci2(ROH)J, respectively. When 
reaction time was increased to 48 s, V8Ci2(NH3)5 peak 
started appearing. Therefore, the first four reactions of 
alcohols or NH3 with V8Cf2 are fast while subsequent 
reactions are slower. There is no formation of 
V8 Ci 2(NH3)J' because the experiments were done under 
lower pressures. VgCfz on reaction with CH3I forms 
V8Ci2(I) 3 , which on further reaction with trace water 
leads to a truncation at ¥8012(1)3(^^20)***, 
V8Ci2(I)3(H20)'*' is unreactive with water and CH3I, sug¬ 
gesting that unpaired electrons are not equally delocal- 
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ized over the eight metals^*^. In reaction of VgCfe with 
both polar and 7 C-bonding ligands, there is a truncation 
observed after attaching four ligands. When additional 
ligands are added, they add more slowly and take longer 
time than the first four for the process to occur. These 
results are in favour of the theoretically proposed Td or 
D2(1 structure. 

However, in studies of TigCfe with 2-butanol, Cas- 
tleman et saw eight attachments at same rate with 
no formation of Ti8Ci2Lj (where L is the ligand). This 
suggests that reactivity and geometry of are quite 

different from that of TigCfi. Byun and Frieser et 
have done these studies in an FT-ICR spectrometer at 
low pressure to distinguish strong binding sites on the 
cluster. But in Castleman’s experiments^^, even though 
metal sites are not equivalent, all the eight ligands can 
bind with sufficient energy to be stabilized by subse¬ 
quent collisions. 

An important conclusion from these studies concerns 
with the number of unpaired electrons the clusters have 
which make their reactivity different^^. For example, 
TigCfi has one unpaired electron and there is no dehy¬ 
drogenation reaction with H2O but it abstracts one io- 
dine, VgCf2 has four unpaired electrons so one 
dehydrogenation reaction and four iodine abstractions 
are observed and Nb8Ci2 has five unpaired electrons so 
two dehydrogenations and five iodine abstractions are 
seen. All MgC^ (M = Ti, V and Nb) clusters have more 
than one degenerate highest occupied molecular orbi¬ 
tals. There are odd number of unpaired electrons and 
therefore these clusters distort to achieve a stable geo¬ 
metric structure from Th to Td (or) D2d. 

Frieser et al,^^ have also studied the gas phase reac¬ 
tivities of Vi4Cf2 and Vi4Cf3, both of them are found 
to react with H2O via a combination of association reac¬ 
tions and H2 eliminations. Loss of H2 occurs once and 
twice to form (OH)2 and (OH)4, respectively for YuCt^ 
while only (OH)2 adducts are observed for VnCfa . With 
acetonitrile, both the ions undergo only addition reac¬ 
tion. All reactions with H2O and CH3CN truncate 
sharply at eight attached ligands. These results for 
andVnCj^ are consistent with the behaviour of 
cubic structure, in which eight metal atoms in the cor¬ 
ners are the active binding sites. 

Frieser et have also generated Nb8Cf2 with the 
same instrument and studied its reaction with H2O, NH3, 
ROH, CH3CN, RI, etc. where R = CH3. With H2O, 
NbgC ti (H2O) gets formed which reacts with a second 
molecule of water to eliminate H2 and results in 
NbgC ti (OH) t . This further reacts and subsequent re¬ 
action truncates at Nb8Ci2(OH) 4 . There is no further 
reaction even after 40 s and high pressures of ~ 1 . 7 x 10 "^ 
torr (ref. 48 ). With NH3, Nb8Ci2(NH3)J was formed 
first and as the reaction time was increased to 45 s, 
higher order peaks Nb8Ci2(NH3)^ and Nb8Ci2(NH3)J 
were observed to grow slowly. These results agree with 
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the prediction of Dance^^ Lin and Hall^® expected that 
four outer metal atoms have larger open coordinate sites 
which result in the first four fast reactions, while the 
four inner metals bind ligands less strongly because they ^ 
are blocked or less exposed to incoming ligands. In case | 
of alcohols, truncation is observed at Nb8Ci2(OR)J, the 
formation is less pronounced going from water to ! 
methanol to butanol. These trends observed with VgCfe ^ 
are attributed to the increased degrees of freedom af¬ 
forded by larger alcohols. With acetonitrile and benzene | 
also, similar truncation was observed at 
Nb 8 Ci 2 (CH 3 CN)i. 4 (H 20 )‘*‘ and Nb8Ci2(C6H6)J which is 
consistent with the distorted metcar structure. Castle¬ 
man’s suggestion that ligands jr-bond to two metal at¬ 
oms in each of the four pentagonal faces is problematic i 
for benzene, where nonbonded carbons could interact I 
unfavourably causing rearrangement and loss of aro¬ 
matic stabilization of benzene^^ To further eliminate 
this possibility, Nb4C4 and Nb6C7 were allowed to 
react with CH3CN and benzene. No truncation was 
observed at Nb4C4L4, which is against Castleman’s 
explanation. Therefore, each benzene or CH3CN 
coordinates to one metal atom and not to two metal 
atoms. 

Sequential halide abstraction with CH3X yields ^ 
NbsCnX ; truncating at n = 4 for X = Cl and n = 5 for 
X = Br and I. Nb8Ci2(I)4 is formed quickly, but 
Nb8Ci2(I)5 forms very slowly. This is because Nb8Cf2 j 
has five unpaired electrons out of which four electrons 
are localized on four outer metals in a distorted struc¬ 
ture, which results in four fast halide abstractions. The 
remaining one electron could be localized on four inner | 
metals which are involved in one or more slower halide j 
abstractions. So the titration results and the relative rate ] 
constants for the sequential addition reactions of NH3 J 
provide supportive evidence that geometric structure of | 
NbgCn is the theoretically more stable Td or D2d one | 
having two sets of four equivalent metal sites, as op- 1 
posed to Th symmetry with all eight equivalent metal j 
atoms. Again all these discrepancies between reactivity 
of NbsC f2 and TigC ti niay be due to the number of 
unpaired electrons. In general, in all of the four reac¬ 
tions studied, the first four reactions with NbsCfc were 
observed to be fast, leading to a build-up or truncation 
of the complex with four ligands attached. Further reac¬ 
tions are slower than the first four. These results support 
distorted structures. In contrast, Gastleman et al.^^ saw 
eight attachments to TisCfi at same rate with no build¬ 
up of Ti8Ci2L4 with 2-butanol, which is in favour of the 
Th structure. Based on abstraction of iodine from CH3I, 
the number of unpaired electrons on NbgCu and Ti8Ci2 
may be five and one, respectively. i 

Thus with different valence electrons, with different i 
number of unpaired electrons, and with different diffu¬ 
sive characteristics, it is reasonable that NbsCfc and j 
TisCfe might have different structures. i 
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Ion chromatography (1C) in the gas phase 

Here the ion source is composed of a laser desorption 
supersonic expansion apparatus which creates intense 
cluster beams^°. The chromatography cell is the most 
important part of the experimental set-up. Here mass- 
selected ions are injected through a small hole at low 
energies (1 to 5 eV in the laboratory frame of reference, 
<0.1 eV centre of mass) into the cell filled with 2 to 5 
torr of He, with a small amount of reactant gas, at 10""^ 
to 10“^ torr partial pressure. The ions are rapidly ther- 
malized when they enter the cell. They drift through 
the cell under the influence of the weak electric field 
(1-10 V/cm) in td = 100-1000 |us, and.experience 10"^ to 
10*' collisions with He^°’^\ The time for the ions to trav¬ 
erse the cell depends on their mobility, which in turn 
depends inversely on the collision cross section of the 
species with He gas. Larger the cross section, smaller 
the mobility and longer the time. The drift velocity is, 

Vd = Z/td, (1) 

where Z is the cell length and it is the mobility K = Ala 
where a is the collision cross section and A is a constant 
which includes mass, charge and temperature. For ions 
of fixed mass, 

h = ZcTiAE. (2) 

From (2) the time the ions spend in the chromatography 
cell is proportional to collisional cross section of that 
ion with the gas. Thus for two different species having 
the same mass. 


collision with He and subsequently theoretical ionic 
mobility was obtained. By this study, Bowers et al 
found that Th structure proposed by Castleman fits well 
with the predicted ionic mobility. There is a slight de¬ 
viation for distorted dodecahedron structure whereas the 
possibility of cubic can be ignored for it has a large de¬ 
viation. They have also studied the growth mechanism 
of TigC^z by injecting it into the IC cell at high energy 
which results in the formation of TijC with the loss of 
Ti atoms. This is in agreement with photodissociation 
experiment of Pilgrim and Duncan"^^. Theoretical mobil¬ 
ity of Ti 7 Cf 2 also agrees with experiment which proves 
that it has a cage structure. They have also generated 
TigCfs and its mobility was found to match with the 
structure in which a carbon atom is attached to Ti 8 Cf 2 
(an exohedral species). But Pilgrim and Duncan pre¬ 
dicted that TigCj^ formed from photodissociation of 
^1401*3 is an endohedral species. Therefore, Ti 8 Ci ‘3 
produced in IC experiment and the one formed in 
photodissociation experiment could be two different 
isomers. 

Castleman et al. have also probed the structure and 
stability of metcars by producing mixed metcars in the 
gas phase. Vapourization of Ti and graphite in the molar 
mixture ratio of 1:1, 4:1 and 6:1 shows that metcar 
(TigCn) intensity is increased as the concentration of Ti 
in the mixture is increased. In this experiment, Castle¬ 
man et al did not observe the formation of C 12 , TiCi, 
Ti 2 Ci 2 , etc. So the mechanism proposed by Khan^^, i.e., 
the formation of C 12 cage followed by the addition of 
metal atom, is incorrect. Vapourization of Ti-C and Zr 
in the molar ratio of 2:1, 4:1, 8:1 and 12:1 yielded 
T\jILXy{x y -(Figure 5). If tetracapped tetrahedron 


fd(l)=o'(l)/a(2)ta(2) (3a) 

/d(l) - h(2) = Z/AE {a (1) - (7 (2)}, (3b) 

[1] and [2] refer to ion types. If a very short pulse of 
ions is subjected into the cell, ions with different struc¬ 
tures will exit at different times, even if they have the 
same mass. So, by measuring the mobility of the cluster 
ions using ion chromatography experiment, shape of the 
same can be probed. Ions drift through helium to the 
quadrupole mass filter and reach the detector where an 
arrival time distribution (ATD) is obtained. For a cluster 
ion with a single geometric isomer, the ATD could be 
converted to an ionic mobility. In case of multiple iso¬ 
meric structures, ATD would have several peaks and so 
IC device would separate them if they differ in shape. 
Using this technique. Bowers et al studied the mobili¬ 
ties of Ti 8 Ci 2 , Ti 8 Cf 3 , TigCn, etc. Arrival time 
distribution obtained^^ forTi 8 Cf 2 (mobility = 5.78 cm^ 
V~^s“^) agrees well with the theoretically-predicted 
shape (mobility = 5.71 cm^ V"^s‘^). After choosing a 
structure (Th or distorted.dodecahedron or cubic), Monte 
Carlo methods were used to obtain its cross section for 



500 600 700 800 


Mass (amu) 

Figure 5. Mass spectra of 'I'lrZryCfT under direct laser vapourization 
conditions with 2:1 molar ratio of titanium and zirconium (from ref. 63). 
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structure is correct, then Ti 4 Zr 4 Ci 2 should be stable. But 
TisZrsCn and Ti 3 ZrsCi 2 are also observed to be stable^’\ 
This confirms that the metal sites in the cluster are 
equivalent. Metcar is more stable in the case of Ti atoms 
and is less stable with IIIA and VA group metals. In 
metal carbon bonding, a vacant orbital can accept elec¬ 
trons from the ligand. Metal-carbon bonding is 
strengthened by back donation (by a synergic process in 
which low-lying orbitals of the C 2 units accept elec¬ 
trons from metal d orbitals which strengthens the metal- 
carbon sigma bond). In the case of yttrium there is no 
back bonding, possibly because its electropositive na¬ 
ture precludes the donation of electrons into metal or¬ 
bital and also due to the absence of metal electron to be 
donated to vacant jr* orbitals of C 2 units. So Y-C bonds 
are unstable. Vanadium can accept electrons from C 2 
units but destabilizes C 2 by back donating two valence 
electrons to jr* antibonding orbitals. Nb and Ta metcars 
are unstable because they easily form metal-metal 
bonds. Electropositive nature of IVA metals is less than 
IIIA but more than VA. The d"^ configuration favours 3 
M-C sigma bonds, with one remaining electron forming 
back bond. Because of these reasons, Ti is found to be 
the suitable metal for metcar formation since Zr and Hf 
form metal-metal bonds. 

To acquire more information about metcars as new 
electronic, optical and catalytic materials, oxidation re¬ 
action of metcar was investigated by Castleman et 
Vapourization of Ti in the presence of methane and He 
results in the formation of both neutral and ionized 
clusters. Using a quadrupole filter, cluster ions were 
excluded and neutrals were allowed to react with oxygen 
leading to the formation of Ti 8 Ci 2 - These neutrals on 
reaction with other gases like NO 2 , CO, etc. do not yield 
TigC 12 . Changing the carrier gas from He to Ar or N 2 
does not affect the ionization of the neutral. Only oxy¬ 
gen plays a role in the ionization of the neutral. Since 
there is no formation of oxygen cluster anions, the pos¬ 
sibility of electron transfer from excited TigCn to oxy¬ 
gen can be excluded. This could be possible only due to 
thermionic emission. During oxidation, neutral metcars 
reach highly excited states. Autoemission of electrons 
from these excited metcars results in the formation of 
metcar cations. This reaction gives an evidence for 
thermionic emission occurring in Ti 8 Ci 2 . 

Dissociation dynamics 

In order to provide evidence for the stability and struc¬ 
ture of metcars, Castleman et al conducted a systematic 
study of the collision-induced dissociation (CID) of 
TigC fa and related species under various collision 
conditions using a triple quadrupole mass spectrometer 
coupled with a laser vapourization source^‘\ In collision- 
induced dissociation of Ti 8 Cf 2 at a collision pressure of 

674 



Figure 6. CID spectrum of at high pressure (0.97 nitorr of 

He) and high collision energy (200 eV) (from ref. 65). 

less than 0.1 mtorr, Ifagmentation occurs primarily due 
to single collision events, the primary product being 
Ti 7 C ?2 , resulting from a loss of neutral titanium atom. 
The products Ti 7 Ci 2 , TigC 12 , TisCJa and Ti'^ result 
from both single and multiple collisions. The dissocia¬ 
tion threshold of Ti 8 Ci 2 is found to be 9 eV, which indi¬ 
cates that it is a very stable cluster. Under high collision 
energy and high krypton pressure (Figure 6), no single 
carbon loss was observed for TisCfa, but C 2 and C 3 
units are lost, which suggests that C=C bonds are more 
important in both the formation and dissociation 
mechanisms of TigC 12 • Several larger Ti 9 ,ioC]i clusters 
are found to fragment to TigC 1*2 by loss of metal-carbon 
units, which proves that TigCJi is unusually stable. The 
high dissociation threshold of TigCJlz , its fragmentation 
pattern and the fact that larger TiojoCj; clusters frag¬ 
ment to Ti 8 Cf 2 provides evidence that metcars are quite 
stable, which is consistent with their proposed cage 
structure. 

All the experimental work on metcars have been per¬ 
formed on the cations. Theoretical investigations have 
focused primarily on neutral clusters. Photoionization is 
the only way to probe neutral clusters in a molecular 
beam and such a study is interesting because it provides 
a comparison between neutral and cationic clusters. 
Ionization potentials from photoionization studies pro- 
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vide an indicator for the relative stability of correspond¬ 
ing neutral and cationic clusters. The distribution of 
neutral clusters is investigated by time of flight (TOP) 
mass spectrometry with photoionization at variety of 
laser wavelengths. The mass distribution for Ti/C clus¬ 
ters at three different laser powers (365, 44, and 
5 pJ/cm^) was studied. All cluster masses observed are 
reduced in intensity as the laser power is reduced but 
relative intensities of these peaks are constant, suggest¬ 
ing that the clusters are not fragmented by multiphoton 
absorption. The intensities of these peaks vary linearly 
with laser power and the clusters represented by these 
mass peaks have ionization potentials lower than the 
laser photon energy of 5.76 eV, The power dependence 
of photoionization at 215 nm for ZrgCn and VgCn 
clusters^^ was studied and in both systems, photoioniza¬ 
tion was studied down to the |ij/pulse.cm^ energy do¬ 
main, and slopes of the log(intensity)-log(laser power) 
plots were greater than two, indicating an ionization 
process due to two photon ionization^^. These studies 
indicate^^ that ZrgCJi, VgCfa , etc. have ionization po¬ 
tentials in excess of 5.76 eV. 

For Ti 8 Ci 2 , laser power dependence was studied in the 
region of 4.5~5.7 eV photon energy^^. At 215 nm 
(5,76 eV) the power dependence is linear, which is con¬ 
sistent with one photon process. At low energies, power 
dependence changes to quadratic, which suggests a two- 
photon process. Figure 7 shows laser power dependence 
near 4.9 eV where log-log plots show a gradual change 
from linear to quadratic at 4.9 ± 0.2 eV, which is con¬ 
sidered as the transition region. This is the transition 
point representing the threshold for one photon ioniza¬ 
tion. The ionization potential measured this way is the 
vertical ionization potential^^. Calculated ionization 
potential for Th symmetry is 6.0-6.9 eV and for T^ 
symmetry it is 4.5-3.7 eV. 

In photoionization experiments, TigC^ peak is not 
present with enhanced abundance because this cluster is 
not present as a super-abundant neutral; as a cation 
Ti 8 Ci 2 ‘^ is superabundant, which is surprising. Another 
interesting result from these ionization experiments is 
the absence of cluster mass. Both TigCn and 

Tii 4 Ci 3 have enhanced stability as cations but not as 
neutrals. Possibly, the missing magic number neutrals 
may be due to near-threshold ionization, the low excess 
energy in this kind of ionization might lead to a pro¬ 
nounced time delay effect, which could consequently 
result in a low intensity in the appropriate mass channel. 
The observation of delayed thermionic emission in mul¬ 
tiphoton ionization of TigC^ does suggest such a pos¬ 
sibility (see below). Photodissociation of binary metal 
metallocarbohedrenes has also been investigated 
by a new technique (see ref. 67). The results emphasize 
the fact that the dominant mechanism proceeds through 
the loss of neutral titanium atoms for all clusters 
studied. 





Figure 7. Power dependence studies of Ti 8 C ]2 photoionization in the 
limit of low laser power. The photon order changes from a two pho¬ 
ton process at lower energy to a one photon process at higher energy 
(from ref. 66). 

Experimental electronic structure 

To find whether metallocarbohedrenes have unusual 
electronic behaviour due to collective effects, Castleman 
et al undertook a study of their potential for undergoing 
presence of delayed single atomic ion emission for met- 
car clusters arising from the excitation of collective gi¬ 
ant dipole resonances in the system. For a cluster to 
undergo thermionic emission, the ionization potential 
must be at or below the dissociation energy for compe¬ 
tition between the two processes, which results in de¬ 
layed electron emission^^. 

The metcars studied in these experiments were pre¬ 
pared in a standard laser vapourization source and were 
then directed into the reflectron TOFMS. Prompt ions 
which arise as a result of multiphoton ionization are 
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eliminated by modification in the ionization lens as¬ 
sembly. The characteristic times describing the experi¬ 
ment are: fo, time zero for the experiment when the 
excitation laser fires; fb, duration of the blocking field; 
4, time following excitation when the extraction field is 
switched on and; 4 - duration of field free time window. 

Typical time scales for these experiments are 
0 P-S £ 4 < 2 |j.s and 2 ps < 4 ^ 3 |is. Use of the blocking 
field eliminates the possibility that field-induced ioniza¬ 
tion of states lying close to ionization threshold con¬ 
tribute to the observed delayed ion signal. Mass spectra 
obtained with 4 = 1-5 P-s to block all prompt ions with 
masses up to 700 amu show only delayed ion peaks cor¬ 
responding to metcar and atomic metal ion. Among 
various metal carbon species, only MgCia exhibits de¬ 
layed ionization behaviour, which reinforces the point 
that it has a special structure and unique properties. The 
peaks which are appearing at the single atomic mass and 
at the metcar mass region arise from ionization occur¬ 
ring in field free time window after the blocking field is 
turned to zero and before the extraction field is turned 
on. Thus two ionization channels are active, one leading 
to the formation of MgC 3nd the other resulting in M^. 
When 4 = 0.5 ps, the region consists of two peaks, 
of which one is the promptly ionized and other M'^ 
arising from delayed ionization/fragmentation. As 4 is 
scanned from 0.0 to 2.0 ps, intensity maximum of the 
peak shifts from left-most values of 4 to right-most val¬ 
ues. (Figure 8 ). If clustering conditions in the source are 
changed to minimize the presence of large clusters, the 
two peaks collapse into a single peak at which no de¬ 
layed ionization occurs. Therefore, delayed ionization 
occurs due to heavier clusters®^. 

At excitation wavelengths of 355 nm (3.49 eV) and 
532 nm (2.33 eV), the metcar cluster ions formed by 


prompt or delayed ionizations must be the result of mul- 
tiphoton process as the IP of metcar is ~5 eV (ref. 66). 
Delayed ionization channel is active at lower laser flu- 
ence which results in the production of MgCfj. M 8 Cf 2 
begins to plateau as fluence is increased and delayed M'*' 
peak begins to appear. Therefore, M"" results from frag¬ 
mentation of excited larger clusters. 

The fluence dependence of delayed ions was studied 
at both 355 nm and 532 nm. Ionization behaviour was 
observed to be similar at the two different wave- 
lengths®^ This suggests that there is no particular ex¬ 
cited state which plays a distinct role in delayed 
ionization, but large number of closely-spaced excited 
states allow photons of both wavelengths to contribute 
to the excitation. This demonstrates the existence of 
thermionic emission, larger number of closely-spaced 
states forming a heat bath which allows the cluster to 
store the excitation energy. 

During the absorption of at least two photons, 
electronically excited M 8 C 12 nonradiatively decays, 
leading to the population of many closely-spaced states, 
which further leads to the formation of electronically 
and vibrationally excited clusters. Delayed ionization 
results from a slow coupling of excited electronic 
and vibrational states. Hence delayed M 8 Cf 2 signal is 
observed up to several microseconds following laser 
excitation of neutrals. Once the vibrationally/ 
electronically excited species populate the manifold 
states, subsequent absorption of photons can also occur. 
Absorption of two more photons at 355 nm produces 
excited species which have energies within the limits 
of predicted broad dipole resonance. Once this collec¬ 
tive resonance has been accessed, energy redistri¬ 
bution results in delayed appearance of TigCf 2 or TT 
fragment. 


Prompt V* 



Figure 8. Intensities of prompt and delayed vr As h is scanned from 0.0 to 
maximum shifts from prompt V* to delayed W (from ref. 68). 


2.0 |Lis, the intensity 
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Figure 9. a. Mass spectrum of delayed Ti;fZryCi 2 clusters at lower 
laser fluence (20 mJ/cm^); b, mass spectrum of delayed Ti"^ and 
TixZvyCn clusters under higher fluence (80 mJ/cm^) (from ref. 69). 

Investigations of the photophysical character of binary 
metal containing metallocabohedrene clusters suggest 
that they also exhibit the phenomenon of delayed ioni¬ 
zation. Binary metal metcars of Ti with Zr or Nb were 
studied for this purpose. Here time-dependent yield of 
delayed ion signal was found along with delayed metal 
ion production. To verify whether the atomic ion signal 
was due to a delayed ion, its intensity was monitored as 
a function of various delay times. From these studies it 
was concluded that is the result of emission from an 
excited metcar species^^. 

The time-dependent yield of delayed ionization and 
atomic ion emission was observed by setting extraction 
voltage pulse at 4 — 3 ps. From the plot of ion signal 
intensity versus 4 for Ti 8 Ci 2 , Ti 7 Nb 3 Ci 2 and TisNbsCn, 
it was found that pure Ti 8 Ci 2 displays slower decay than 
binary metals species. As degree of substitution is re¬ 
duced, life-time of neutral metcar is increased. At 
4=3ps and 4=1.5ps, ionization laser power was 
varied at 532, 355 and 266 nm to study the wavelength 
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Figure 10. Photoelectron spectra of TigCn'^ at three different photon 
energies: 355 nm (3.49 eV), 266 nm (4.66 eV), and 193 nm 
(6.42 eV) (from ref. 70). 


and fluence dependence of delayed ion formation proc¬ 
esses. Observation of delayed ionization for three dif¬ 
ferent wavelengths provides further evidence that no 
specific excited electronic state is involved in the ioni¬ 
zation process. As power is decreased (from 80 mJ/cm 
to 20 mJ/cm^ at 355 nm), delayed ion signal decreases 
and delayed Ti"" disappears (Figure 9). As fluence is 
decreased, only delayed ionization channel is obs^erved. 
At a particular threshold fluence (at 25 mJ/cm“), Ti 
disappears which suggests that several channels are ac¬ 
tive at higher fluence. At higher fluences, vibronicaily 
excited neutral species (delayed ion precursors) absorb 
more photons. Absorption of two more photons at 
355 nm or three photons at 532 nm produces excited 
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state species having energies within the limits of collec¬ 
tive resonance of metcar species (excited neutrals or 
ions) which emit the atomic ion. 

The degree of delayed ionization relative to the total 
ionization yield is obtained from the plot of ratios of 
delayed ion vs total ion signal intensities. The higher 
energy collective resonance is not found under low flu- 
ence conditions and the competitive channel resulting in 
atomic ion emission is not observed. When 4 = 0 ps, 
metcar ion signal is due to both delayed ion and prompt 
ions. At fb = 1.6 ps, all ions are only due to delayed ions 
since prompt ions are eliminated. From the ratio of de¬ 
layed ion signal (7^) at 4 = 1.6 ps to total ion signal 
(Id + 7p) at 4 = 0 ps, we can find the degree of delayed 
ionization. 

Photoelectron spectroscopic (PES) studies have been 
performed on metallocarbohedrene Ti 8 Cr 2 to obtain the 
electronic structure information’®. The TigCfa clusters 
were produced by laser vapourization of a solid TiC 
target with neat He carrier gas. At two different photon 
energies, 3.49 and 4.66 eV, photoelectron spectra were 
obtained for all mass channels from TiC 4 to Ti 9 C y . 
The TigC n spectrum is special with an intense thresh¬ 
old peak, from which the electron affinity (EA) of 
Ti 8 Ci 2 obtained to be 1.05 ± 0.05 (adiabatic) and 1.16 ± 
0.05 eV (vertical). Ti 8 Ci 2 has a lowest EA among all the 
species. Low-electron affinity for Ti 8 Ci 2 is responsible 
for low mass abundance of Ti 8 Cr 2 • PES of Ti 8 Cr 2 at 
three different photon energies are shown in Figure 10. 
Three features X (1.16 eV), A (1.56 eV) and B 
(1.81 eV) are clearly observed at 3.49 eV spectrum. 
Signals at higher binding energies are also observed at C 
(2.5 eV) and D (2.9 eV). Two sets of features are ob¬ 
served in 6.42 eV spectrum. The low-energy features 
(X, A and B) are followed by a small energy gap 
(0,7 eV) and then higher energy features (C and D) are 
seen. Ti 8 Ci 2 consists of 32 valence electrons on Ti 
atoms in which only 20 electrons are available for 
metal-metal interactions (12 are donated to six C 2 
units). There are two extra electrons in addition to the 
stable 18 electron structure to make TigC^ a 20 electron 
system. The two extra electrons occupy the higher en¬ 
ergy 2 ai orbital (in the Td structure) and this explains 
the low ionization potential measured for TigC^, since 
2 ai electrons are expected to be easily ionized. 

The orbital diagram shown in Figure 11 explains the 
photoelectron spectrum. The extra electron enters the 2 t 2 
orbital of the anion. Since 2 t 2 orbital is high in energy, a 
low-electron affinity is understandable. The occupation 
of the 2 t 2 orbital results in a degenerate ground state for 
TigC Ti . Removal of electron from 2 t 2 orbital leads to 
the PES feature (X). The width of this feature suggests a 
Jahn-Teller effect resulting from the change of the an¬ 
ion to the neutral transition. Removal of 2ai electron 
results in two low-lying states (A and B) because of 
singlet-triplet coupling. Removal of spin-up 2 ai electron 



inner capped outer 

tetrahedral tetrahedral tetrahedral 

moiety cluster moiety 

Figure 11. Orbital diagram showing the valence molecular orbitals 
resulting from the metal-metal interactions for a tetracapped TisCiz 
met-car (from ref. 18). 


yields feature A (likely to be singlet state), while feature 
B (the triplet state) arises due to removal of the spin- 
down 2ai electron. A-B energy separation yields a 
singlet-triplet coupling energy of 0.25 eV. After an en¬ 
ergy gap of 0.7 eV, the features C and D seen in the 
spectrum are due to the removal of electrons from high¬ 
est bonding orbital Iti. Removal of electrons from other 
bonding orbitals results in higher energy features as seen 
in the 6.42 eV spectrum. Features A and B have low 
intensities since their orbital origin ( 2 ai) is nondegen¬ 
erate. Apart from explaining the experimental observa¬ 
tions such as low IP (high cation abundance), 
chemisorption of four jr-bonding molecules, low EA 
(low abundance of anion) and halogen abstraction reac¬ 
tion, the electronic structure of Td Ti 8 Gi 2 provides a de¬ 
tailed interpretation of the PES spectrum. 

Important properties of metcars derived from experi¬ 
ments are given in Table 1. 

Perspectives 

Although many of the properties of metcars are known, 
they still remain elusive; probed only by the most ad¬ 
vanced tools of gas phase spectroscopy. Nearly all of the 
available experimental information is on metcar ions 
and there are indeed substantial variations in the chemis¬ 
try of different metcar ions. Many of the fundamental 
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Table 1. Summary of important experiments done on Ti 8 Ci ''2 


Experiment done on TigCfe 

Properties studied 

Ion chromatography 

Ionic mobility = 5.78 cmV“^s“^ (experimental) 

Ionic mobility = 5.71 cm^V"^s“^ (calculated) 

Collision-induced 

dissociation 

Dissociation threshold = 70 eV at a centre of 
mass energy of 9 eV. 

Near threshold 
photoionization 

Ionization potential = 4.9 ± 0.2 eV (experimental) 

Calculated ionization potential for 

Th structure = 6.05 eV, 5.33 eV, and 5.4 eV. 

T(i structure = 6.82 eV, 4.5 eV, 4.37 eV and 6,74 eV. 

D 2 d structure = 5.8 eV. 

Photoelectron 

spectroscopy 

Electron affinity = 1.05(± 0,05 eV) (adiabatic) 

Electron affinity = 1.16(± 0.05 eV) (vertical) 

Reaction of Ti-C clusters 

Differences in reactivity of TisC]’^ and other 

Ti-C clusters ( ThCti, TisCfe) 

Studies of metcar adducts 
(Reaction of metcar with halogens, 
;r-bonding molecules, and polar 
molecules) 

Reaction mechanisms of TisCfe are identified and 
characterized namely oxidation, complexation and 
ion dipole interaction and evidence for Th structure 
is obtained. 

FT-ICR Studies for reaction of 

VgCfi with H 2 O, NH 3 , CH 3 OH 
and CH 3 X (X = Cl, Br and 1) 

Provide evidence for Tj or D 2 (i symmetry 
ofVgCfe. 

Investigations of the ionization 
channels of titanium and vanadium 
carbon clusters 

Supports the mechanism of thermionic emission 
and delayed single atomic ion emission from 
metcar clusters. 


properties of metcars are still not known, computations 
offer no great help in view of the complexity of these 
systems. An efficient way of synthesizing metcars in the 
solid state is eagerly awaited. The spectroscopy, elec¬ 
tronic, magnetic and catalytic properties of metcars will 
indeed be fascinating which will make this area impor¬ 
tant in the years to come. 
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The promoter region of the Acinetobacter calcoaceti¬ 
cus encoded trpFB operon was determined and found 
to contain dual promoters. The gene expression of 
trpFB operon was studied as a function of different 
concentrations of tryptophan and general amino acid 
starvation. The amounts of mRNA were determined 
by primer extensions and the expression of tran¬ 
scriptional and translational lacZ fusions was stud¬ 
ied. The change in the concentration of tryptophan 
had no effect on transcription or translation, how¬ 
ever, a general metabolic effect of increased tran¬ 
scription upon the starvation of all amino acids was 
detected. It is concluded that trpFB is constitutively 
expressed and lacks regulation. 


Tryptophan biosynthesis from chorismate occurs in all 
the procaryotes and lower eucaryotes studied so far by 
the same five reactions*’^. However, the structure and 
organization of these genes encoding the respective en¬ 
zymes vary considerably^. A, calcoaceticus contains 
seven separate genes encoding the enzymes of trypto¬ 
phan biosynthesis^. These genes are located in three un¬ 
linked clusters'^. The nucleotide sequences of trpGDC^, 
trpE^ and trpFB^'^ have been reported. 

The expression of the tryptophan biosynthetic path¬ 
way is repressed in many bacteria studied so far in the 
presence of tryptophan. The molecular mechanisms in¬ 
volved in this regulation of expression are well known 
for E, and 5. typhimurium^^. They involve a 

tryptophan dependent repressor-operator interaction^^ 
and attenuation of transcription^. The latter mechanism 
was also found in other enterobacteria^^. Regulation of 
the trp operon in B, subtilis does not occur by conven¬ 
tional attenuation. The terminator and antiterminator 
structures of mRNA are formed depending upon the 
concentration of tryptophan in the medium. This re¬ 
quires the presence of a regulatory mRNA binding pro¬ 
tein encoded by mtr locusA similar mechanism has 
also been found for the B. pumilus encoded trp 
operon^'*’’In Lactococcus lactis^ a similar mechanism 
as that of B. subtilis regulation of trp gene expression is 
proposed^^. In an archaebacterium, Methanobacterium 
thermoautotrophicum Marburg the trp operon is also 


regulated at the transcriptional level involving a re¬ 
pressor^^. In Brevibacterium lactofermentum a palin¬ 
dromic sequence in the promoter operator region is 
involved in dual repression-stimulation control of ex¬ 
pression of the trp operon^^. While the trp genes dis¬ 
cussed above are contained in single operons, the 
regulation of expression of scattered trp genes is less 
well understood. In Rhizobium meliloti, of the three 
gene clusters, only the trpE (G) gene is regulated by 
attenuation^^. On the contrary, in Pseudomonas aerugi¬ 
nosa, the trpA and trpB encoding tryptophan synthase, 
are simultaneously induced by indole-glycerol phos¬ 
phate. This effect is mediated by an activator of tran- 
scription^^ Whereas in P. mendocina and P. marginata, 
the trpB and trpA could not be induced by the indole- 
glycerol phosphate^^. In Caulobacter crescentus, on the 
other hand, trpE and trpFBA genes are constitutively 
expressed^^. Further, in P. subtilis, an amphibolic trpG 
gene is not regulated transcriptionally, but, at the level 
of translation^"^. 

Tryptophan starvation of A, calcoaceticus trp auxo- 
trophs resulted in increased levels of all biosynthetic 
enzymes for this amino acid. The increase was about 5 
to 15 fold for the trpGDC and trpE encoded enzymes, 
1.5 to 3 fold for the trpA and trpB encoded proteins, and 
6 fold for trpF encoded protein. Only the trpF gene 
product levels were decreased upon the addition of 
tryptophan to the medium^’^^ A previous report, how¬ 
ever, stated that only the anthranilate synthase levels 
encoded by trpE and trpG were affected by the trypto¬ 
phan level while the other enzymes remained same^^. 
Acinetobacter is found in environments such as soil or 
water which are normally subject to considerable varia¬ 
tions in substrate composition and temperature. It has 
been assumed that survival in these different environ¬ 
ments required regulation of the metabolism to enable 
efficient adjustment to changes^^. 

In this article, a report on intensive study of the trpFB 
operon expression in dependence of the tryptophan con¬ 
centration in A. calcoaceticus BD413 using primer ex¬ 
tension analyses to determine the mRNA levels and lacZ 
fusions to detect the potential regulatory effects on the 
level of transcription and translation is presented. 
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Table 1. Bacterial strains and plasmids 



Strain or 
plasmid 

Genotype or 
markers 

Reference 

E, coli 


RRI 

F", hrdSlO (r B“ mB"), leu , 
ara, pro Ay thi, lacY, galK, 
rpsL 20, xyly mtU supE 44 

28 


HB 101 

same as RRI except rec‘ 

38 


JA194 rr/?C 9830 

JMB9 r~ leiiy thiy trpC (F) 

Gift of C. Yanofsky 


WH202 

as RRI except lacX 74, pro^ 

Gift of A. Wissmann 

A. calcoaceticus 


BD4 

Wild type 

39 


BD413 trpE 27 

trpE 

4 


BD413 trpB 18 

trpB 

4 


BD413 trpA 23 

trpA 

4 


WH211 

BD413 trpE 27'*‘ (complemented 
by chromosomal DNA from BD4) 

Gift of G. Weins 

Plasmid 


pWH1266 

Ap^ Tc'' 

29 


pKOK6 

Ap^, Km*^, Cm^, mob 

30 


pWH1754 

Ap*^, trpFB 

7 


pWH1755 

Ap**, (Deletion of H2 / Sail 

fragments from pWH1754) 

This work 


pWH1756 

Ap^, Km*^, laeZ (Insertion of 

Sail fragment from pKOK6 
in pWH1755) 

This work 


pWH1757 

Ap^, laeZ (Insertion of Hind III 
fragment from pKOK6 in pWH1754 
after deleting BssHlfSall fragment 
and filling the ends and adding 

HmdIII linker) 

This work 


I 


Further, evidence is shown for the presence of a weak 
promoter, Pf 2 in the promoter region of trpFB. This 
weak promoter is functional and more active in E. coli 
than in A. calcoaceticus. The results demonstrate that 
the. trpFB operon is expressed constitutively under all 
conditions tested independent of tryptophan concentra¬ 
tion in the medium. 

Materials and methods 

Bacterial strains and plasmids 

The bacterial strains and plasmids used in this study are 
listed in Table 1. E. coli RRl lacZAMlS (ref. 28) and 
HBlOl were generally used as cloning hosts. A. cal¬ 
coaceticus WH211 was isolated by transformation of 
A. calcoaceticus BD413 trpEll with chromosomal DNA 
from A. calcoaceticus BD4 and selection for growth on 
minimal medium (Gift from B. Weins). A. calcoaceticus 
BD413 trpA 23 (ref. 4) was used for the tryptophan 
starvation experiments. The plasmids pWH1266 and 
pWH1274 were used as cloning vectors for A. cal- 
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coaceticus^^, pKOK6 was used as source for the laeZ • 
gene^° and pWH1754 (ref. 7) contained trpFB genes. I 
The plasmid pWH1756 contains a trpF—lacZ transcrip- 
tional fusion. It was obtained from pWH1754 by diges¬ 
tion with fis'jH2 and Sail, filling the ends with Klenow 
DNA polymerase, ligation and transformation to E. coli 
HBIOI. The resulting plasmid was called pWH1755, 
prepared, digested with SaK and ligated with laeZ con- 1 
taining Sail fragment from pKOK6. The products were I 
transformed to A. calcoaceticus WH211 and transfor¬ 
mants selected for ampicillin and kanamycin resistance ; 
and screened for the blue colonies on X-Gal plates. 
Candidates were sequenced for their trpF-lacZ fusion. 
pWH1757 contained the trpF—lacZ translational fusion 
and was constructed from p^VH1754 by digestion with 
B^jH 2 and Sail, filling the protruding ends with Klenow 
polymerase, ligation with Hindlll linker followed by i 
dipstion with Hindlll and ligation with laeZ containing 
Hindlll fragment from pKOK6. The mixture was trans- ) 
formed to E. coli WH202 (gift from A. Wissman) and 
colonies were scored for ampicillin resistance, kanamy- 
cm sensitivity and blue colonies on X-Gal plates. The 
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5 - gcatgcagtggcgtaagtctaaatgacttttttaatatggtttacatttttaccgttgcggoggcagcactggatt 

-10 U 

h tgcaccagtttccctaaagcgaatgcttttaacttgttacgaattgtgtaaagtataaagtctgagcgaagattaa 

-^5 ^ -10 ull 

acaatctgaatacga tcaaa ttcgttcaac tttga cgcaaagcacaaaaattgcattacaatacttagcccaatga 

TGGATagatcggctgtctgtcaggcaatacaatgagcttctttctatg -3 


Figure 1, Primer extension analysis of the trpFB promoters from A. calcoaceticus. a, The autora¬ 
diograph of the primer extension experiment. Lanes A, G, C and T contain the respective sequencing 
reactions obtained with the same primer. Lane 1 contains the primer extension products obtained 
from 1.5 pg total RNA prepared from E, coli JA 194 trpC9830 transformed with pWH1754 grown in 
minimal medium. Lane 2 shows the primer extension products from 1.5 pg total RNA prepared from 
A. calcoaceticus BD413 trpBU transformed with pWH1754 grown in minimal medium and lane 3 
contains the products of total RNA prepared from A. calcoaceticus WH211 grown in minimal me¬ 
dium without casamino acids. The arrows on the right side indicate the bands which are interpreted 
as transcription start sites, b, A sequence interpretation of the experiment. The two promoters Pfi and 
Pf 2 are shown with their consensus sequences, the vertical arrows represent the location of the primer 
extension products and the horizontal arrow shows the start codon of trpF. Furthermore, a palindro¬ 
mic sequence is indicated by the bars below the sequence. 


trpF-lacZ translational fusion plasmid was checked by 
sequencing. 

General methods 

All general methods were described previously^’^’^^. 
The transformation of A. calcoaceticus was done 
as described^^. Minimal medium contained 1 mM 
MgS 04 , 0.4% glucose and 0.4% casamino acids in 
M9 salts. For some experiments the casamino acids 
were omitted as indicated in the text, p-galactosidase 


activities were determined as published^V Preparation 
of RNA from Acinetobacter and primer extension 
analyses were done as previously described^’^ . 
The sequence of the trpF specific primer was 
5'-CATCTTGGGAACGGGTAATACCGC-3' and was 
synthesized using an Applied Biosystems DNA syn¬ 
thesizer. All chemicals for DNA synthesis were 
obtained from Applied Biosystems, Weiterstadt, Ger¬ 
many. Nucleotide sequencing on double-stranded tem¬ 
plates was done by the dideoxy chain termination 
method^^. 
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Results and discussion 

Organization of promoter region oftrpFB 

The identification and mapping of the main promoter for 
the trpFB operon in A. calcoaceticus has been already 
described^. Figure 1 a shows a more detailed analysis of 
transcriptional activity in the sequence upstream of 
trpFB by primer extension. The plasmid and chromo- 
somally encoded RNAs from Acinetobacter yielded a 
strong signal, Ppi as described earlier^ and, in addition, 
a weak signal, Pp 2 about 79 nucleotides upstream of it. 
The three bands further upstream occurred only in the 
plasmid encoded RNA and are, therefore ignored. It is 
concluded that a second promoter for the trpFB operon, 
which contributed about 5-10% of the total activity, is 
located upstream of the major promoter. The sequence 
interpretation in Figure 1Z? shows the locations of pro¬ 
moters in the upstream sequence of trpFB. The -35 re¬ 
gion of the weak trpFB promoter has the sequence 
TTAACT lacking the highly conserved G at position 
three of the E. coli promoter consensus sequence^"^. 
Furthermore, it shows a spacing of only 14 base pairs 
between -35 and -10 regions which is considered unfa¬ 
vourable for promoter activity in E. The main 

promoter contains a spacing of 19 base pairs which is 
also quite unfavourable. And yet, both promoters are 
active in E. coli as indicated in Figurel a. In this organ¬ 
ism, the upstream promoter seems to be more active 
compared to the main promoter than in Acinetobacter. 
However, other known Acinetobacter promoters do not 
have these unusual spacings between their -10 and -35 
regions'^'\ Further, the trpFB promoter region contained 
a putative partially palindromic element reminiscent of 
bacterial operators^. 

Effect of tryptophan concentration on transcription 
of TrpFB 

The effects of increasing concentration on transcription 
of the trpFB operon in A. calcoaceticus were studied by 
primer extension analyses. For that purpose A. cal¬ 
coaceticus WH211 was grown in LB, minimal medium 
and minimal medium with various concentrations of 
tryptophan until the Q.D^oo was 1.0. Under these condi¬ 
tions, the cells had a doubling time of 40 min in minimal 
medium. RNA was isolated from the cells, treated with 
RNAase-free DNAase I and primer extensions were per¬ 
formed using 25 \ig of RNA. The results are shown in 
Figure 2. No large differences in intensities of the sig¬ 
nals were seen, no matter whether the minimal medium 
contained 0, 2, 5 or 50 |Xg/ml tryptophan. Even the cells 
grown in rich medium gave about the same amount of 
trpFB mRNA. Since the minimal medium contained 
casamino acids, which were described to be free of 
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Figure 2. Effect of tryptophan in the growth medium on the tran¬ 
scription of trpFB mRNA. The lanes A, G, C and T contain the re¬ 
spective sequencing reactions. Lanes 1 through 6 contain primer 
extension products of 25 |ig total RNA prepared from A. calcoaceti¬ 
cus WH211 with the trpF specific primer after growth in: Lane 1, 
LB; lane 2, minimal medium (MM) with 50 |ig/ml Trp; lane 3, MM 
with 5 pg/ml Trp; lane 4, MM with 2 pg/ml Trp; lane 5, MM without 
TRP; lane 6, MM without casamino acids and Trp. 

tryptophan, the amount of trpFB mRNA was also de¬ 
termined without this supplement to be sure of omitting 
any trace of the tryptophan. The result was also shown 
in Figure 2 and indicated that general amino acid star¬ 
vation resulted in about 2-3 fold higher mRNA levels. 
In order to determine whether this was the result of re¬ 
sidual tryptophan in the casamino acids, the trpFB 
mRNA of Acinetobacter calcoaceticus WH211 grown in 
the absence of casamino acids was quantified as a func¬ 
tion of increasing concentrations of tryptophan. The results 
are shown in Figure 3. The amounts of trpFB mRNA do not 
depend on the concentration of tryptophan between 0 and 
50 pg/ml under these conditions. When compared to the 
trpFB mRNA level in A. calcoaceticus grown in LB, the 
amino acid starvation resulted in a significant increase of 
trpFB transcription. Since this was not dependent on tryp¬ 
tophan but rather on general amino acid starvation, it was 
interpreted as a result of metabolic regulation^^. The primer 
extension experiments were repeated using independent 
RNA preparations and the results were consistent in all 
the cases. 
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Figure 3. Effect of tryptophan and amino acid starvation on tran¬ 
scription of trpFB. The lanes A, G, C and T contain the respective 
sequencing reactions. Lanes 1 through 5 contain primer extension 
products obtained from 30 jig total RNA from A. calcoaceticus 
WH211 after growth in: Lane 1; minimal medium (MM) without 
casamino acids (CAA) and without Trp; lane 2, MM without CAA 
plus 2 jig/mi Trp; lane 3, MM without CAA with 5 jig/ml Trp; lane 
4, MM without CAA with 50 jig/ml Trp; lane 5, LB. 


Finally, the possibility of a ‘hidden regulation’ was 
explored, as described for his operon expression in 
iS*. typhimurium^^. In this case a regulation of his operon 
expression could only be seen in his auxotrophs under 
extreme starvation for histidine. A, calcoaceticus 


Figure 4. Effect of tryptophan starvation in a trp auxotroph on 
trpFB transcription. The lanes A, G, C and T contain the respective 
sequencing reactions. Lanes 1 through 8 contain primer extension 
products using a trpF specific primer. Lanes 1 through 4 contain the 
products of 30 pg total RNA prepared from A. calcoaceticus WH211 
grown in LB (lane 1), followed by a shift in minimal medium (MM) 
without casamino acids (CAA) (lane 2), in MM without CAA and 
2 pg/ml Trp (lane 3), in MM without CAA and 50 jig/ml Trp (lane 
4). Lanes 5 through 8 contain the primer extension products obtained 
from 30 p.g of total RNA prepared from A. calcoaceticus BD413 
trpA23 grown under the same conditions, respectively. 



HindlW $ph\ 


trpr-lJCt O ATG CCA ACC CGC CTC CAC CTC CAC CCG CCC CTA GAG ACC 
Het Arg Thr Ar 9 VaTA* p L«u Gin Gly Gly Leu GIu Ar9 

AAA CAG CTATCACC ATG ATT ACC CCA ACC TTT . led 

Lyt Gin LeuCnd 

MetThr Met tie Thr Pre Ser Phe 


WH211 and BD413trpA23 were grown in LB to an 
ODeoo of 0.9. The cells were then rapidly chilled in ice- 
water, pelleted and one aliquot of cells was used to pre¬ 
pare RNA. The remaining cells were washed in minimal 
medium without casamino acids and inoculated in mini¬ 
mal medium wihout casamino acids containing 0, 2, and 
50 jig/ml tryptophan, respectively. After shaking for 
40 min at 30°C, the cells were harvested and RNA was 
prepared and used for primer extension analyses. The 
results are shown in Figure 4. Neither the trp prototroph 
nor the trp auxotroph showed any dependence of the 
trpFB mRNA amount on the concentration of trypto¬ 
phan. Therefore, it was concluded that trpFB transcrip¬ 
tion was not affected by tryptophan in the growth 
medium. In agreement with the results reported by Cohn 


trpp - ucl P ATG CCA ACC CGC CC A ACC TT T CCC CCC AAT TCA .. . Ucl 
Het Arg Thr Arg Ale ier ^he Pro Gly Asn Ser 

Figure 5. Genetic structure and nucleotide sequence of trpFB fu¬ 
sions with laeZ. The figure shows the trpFB operon with some re¬ 
striction sites. The location of the laeZ fusion is indicated. The 
nucleotide sequence on the bottom show the operon fusion called 
trpF-lacZo and the protein fusion called trpF-lacZp. 

and Crawford^, the transcription of trpFB seemed to be 
somewhat higher in the trp auxotroph, but the regulation 
reported by these authors could not be verified here. 
However, Twarog et reported that the levels of trp 
enzymes, phosphoribosyl anthranilate isomerase, trypto¬ 
phan synthase encoded by trpF and trpB and trpA re¬ 
spectively, were not affected in the presence of 
tryptophan. 
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Table 2. P-galactosidase expression from trpF-lacZ fusions under different growth conditions 


A, calcoaceticus 

strain Plasmid 

LB 

MM/AP 

P-galactosidase activity in Miller units (U) 

MM/AP MM/AP MM/AP 

+2 ng/ml Trp +5 pg/ml Trp +50 pg/ml Trp 

WH211 


No ■ 

_ 

__ 



WH211 

pWH1755 

No 

No 

No 

No 

No 

.WH211 

pWH1756 

2203 ± 21 

1651 ±22 

1616 ±22 

1674 ±22 

1744 + 23 

WH211 

pWH 1757 

681 + 21 ' 

493 ± 11 

493 ± 11 

480 ± 11 

481 ±9 

WH211 

pWHi757* 


1156 + 44 

1298 ±22 

1333 ±23 

1175 ±15 


U, P-galactosidase activity in Miller units (31) including standard deviation. 

*The activity is measured in minimal medium without the addition of casamino acids. 
AP, Ampicillin. 


Construction and P-galactosidase expression of 
trpF-lacZ fusions in Acinetobacter 

The transcriptional and translational fusions of trpF to 
lacZ were constructed as described earlier. Their genetic 
organizations and the nucleotide sequences of their fu^ 
sions are shown in Figure 5. The trpFB-lacZ transcrip¬ 
tional fusion contained the first five codons of the trpF 
reading frame followed by eleven codons created by the 
fusion and the stop codon TGA. The first two nucleo¬ 
tides of the stop codon were part of the lacZ ATG start 
codon. The translational fusion contained five 

trpF codons. Plasmids with these fusions were trans¬ 
formed to A, calcoaceticus WH211, and A. calcoaceti- 
cus BD413trpA23. The resulting strains were grown in 
LB for overnight cultures. Before inoculation, the cells 
were pelleted and washed with ice cold minimal medium 
to remove the residual traces of tryptophan and resus¬ 
pended in minimal medium. The resultant suspension 
was inoculated into LB, minimal medium containing 0, 
2 , 5 and 50 pg/ml of L-tryptophan. The cells were 
grown for an O.Deoo 0.6 and tested for the | 3 - 
galactosidase activities. The results are given in Table 2. 
While the A. calcoaceticus strains used here did not 
produce any P-galactosidase background activity, all of 
the fusions directed the expression of lacZ, The operon 
fusion of trpFB to lacZ resulted around 1700 U with and 
without the tryptophan in minimal medium-, whereas the 
protein fusions resulted around 480 U. The transcrip¬ 
tional and translational lacZ fusion assays under similar 
conditions differed by a factor around three in all the 
tested cases. Upon omitting the casamino acids in the 
minimal medium, the protein fusion assays revealed in¬ 
creased lacZ expression about 2.5 fold to around 
1160 U, however, addition of tryptophan did not show 
any regulatory effect, either. Thus, the general metabolic 
effect of amino acid starvation^^ was also seen on the 
.level of lacZ expression, matching the increased tran¬ 
scription of trp mRNA mentioned above. The results 
presented here by lacZ assays did not reveal the small 
regulation as reported earlier, as the multi copy effect of 
plasmids persisted in the test system. It is interesting to 
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note that the single copy trpE-lacZ fusion construct 
upon integration in chromosome of A, calcoaceticus did 
not show any tryptophan-dependent regulation of trpE 
gene expression (unpublished results. Diploma thesis by 
S. Schmidt, FAU, Erlangen, Germany, 1992). Further, in 
the gene regulation of tryptophan biosynthesis, it is the 
first gene, trpE which is regulated in all the known 
cases. Thus, based on the results presented here, trypto¬ 
phan-mediated regulation cannot occur at the levels of 
transcription or translation. Even a hidden regulation in 
a trp auxotroph cannot be found for A. calcoaceticus 
(see Table 2)^^. It is therefore concluded that the trpFB 
genes are constitutively expressed in this organism. In 
the case of Caulobacter crescentus^^, trpE and ^trpFBA 
genes were not regulated and it was argued that the natu¬ 
ral habitats of that strain were usually poor in amino 
acid supply, and regulation of expression of genes for 
amino acid biosynthesis would be wasteful. And the 
same argument could certainly hold true for A. cab 
coaceticus a.s w&ll. 
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(Mechanical, electrical, magnetic, chemical). Quasicrystals, High 
strength low density alloys 
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Iiiflii6iic6 of moonlight on the foraging 
behaviour of the Indian short-nosed 
fruit bat Cynopterus sphinx i 
Radio-telemetry studies 

N. Gopukumar Nair, V. Elangovan and 
R. Subbaraj* 

Department of Animal Behaviour and Physiology. School of Biologi¬ 
cal Sciences, Madurai Kamaraj University, Madurai 625 021 , India 

The foraging activity of the Indian short-nosed fruit 
bat, Cynopterus sphinx was studied using radio¬ 
telemetry. The foraging activity gets modulated with 
different phases of the moon. During bright moonlit 
nights these frugivorous bats exhibit less activity as 
against that during new moon nights. 

Cynopterus sphinx live solitarily or in colonies. The 
males construct tents for roosting'’^ and they prefer 
to forage shorter distances to protect the tent from 
intruders to ensure their position in the colony^ Studies 
on the foraging and other activities of this species dur¬ 
ing different phases of the moon are far less numerous. 
Hence, we carried out field studies in order to under¬ 
stand the influence of moonlight on the foraging behav¬ 
iour of C. sphinx (Figure 1). 

Two male bats were captured within the Madurai 
Kamaraj University Campus (lat. 9°58' N; long. 78“10' 
E) and were fitted with radiotransmitters (range: 400- 
500 m) mounted over an aluminium collar with light 
reflective tape. The light reflective tape allowed us to 
locate the bats within the dense foliage using a red light 
source (> 640 nm). We used two sets of Merlin receiver 
and a collapsible 5-element Yagi antenna (Customs 
Electronics, USA) for the tracking. One of the bats was 
radiotagged five days prior to new moon and the other, 
five days prior to full moon. Their foraging activity was 
monitored continuously for 14 nights. Bats were fol¬ 
lowed from the time of emergence until dawn and were 
monitored for about eight hours every night, thus pro¬ 
viding data for 112 h (56 h for each bat). 

The home ranges for these bats were also calculated 
following the method suggested by Kunzl On the first 
day of our observation, the tagged bat, within a home 
range of 0.542 km , was active in the feeding area until 
2310 h showing a 36.2% activity. After that it returned 
to the night roost (a place used to ingest transported 
food from nearby feeding areas and a resting place for 
bats after one or more feeding bouts) on Guettarda spe- 
ciosa. During the waxing of the moon, the duration of ac¬ 
tivity got reduced on successive nights and on the full moon 
night, it returned to the night roost at 2030 h, showing a 


mere 11% activity. After the full moon night there was a 
steady increase in the duration of the activity. Two days 
after the full moon, the activity reached up to 27.2% 
Similarly, the second bat which was radio-tagged 5 days 
prior to the new moon spent approximately equal hours 
for foraging and rest within a home range of 0.832 Icm^ 
during the seven nights of observation. During the new 
moon night the duration of activity was 52%. We used 
X to compare the activity/rest patterns during the full 
moon and new moon nights. The results show that bats 
avoid active foraging bouts during full moon nights as 
against that during new moon nights = 26.98 
p< 0.001). Similarly, the duration of rest increased 
during full moon nights than that of new moon nights 
(^ =12.26, p< 0.01). The reduction in the activity 
patterns during full moon nights from that on new moon 
nights could be an anti-predation adaptation against 
visually-active predators such as owls. 

The pronounced effect of moonlight on the modula¬ 
tion of foraging activity of bats and some other noctur¬ 
nal mammals have been attributed to the direct effect of 
intensity of light during moon phases^'" and may even 
be coupled^ to changes in endogenous factors with the 
lunar cycle . But, in contrast to earlier suggestions"’'" 
that ‘though the activity of bats is reduced in open space 
they might carry out their foraging activities under 
the cover of canopies’, we observed invariably that the 
first bat spent long hours resting at its night roost during 
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full moon nights under canopy and that it hardly for¬ 
aged. 
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Sex attractants in male preputial 
gland: Chemical identification and 
their role in reproductive 
behaviour of rats 

S. Kannan, K. Ramesh Kumar and 
G. Archunan* 

Department of Animal Science, Bharathidasan University, 
Tiruchirappalli 620 024, India. 

We report here the structural elucidation of three 
hitherto unreported pheromonal components unique 
to male rats. The structures are (i) 2,6,10- 
dodecatrien-l-ol,3,7,ll-trimethyl (Z, E); (ii) Di-n- 
octyl phthalate, and (iii) 1,2 Benzenedicarboxylic 
acid, diisooctyl ester. Of these, the first two attract 
the opposite sex while the third compound attracts 
the same sex. 

Chemical signals appear to play an important function 
in the overall social behaviour and reproductive behav¬ 
iours of rodents^-^. The rat, Rattus norvegicus^ has a 
variety of known and potential sources of sex attractants 
such as various integumentary glands including preputial 
glands and excretory substances namely urine and 


faeces^. However, the excretory material gets the 
pheromonal compounds from the secretions of sub¬ 
cutaneous glands. The glandular secretions might be 
bye-passed into the urinary tract and/or external genita¬ 
lia, For instance, the preputial glands situated between 
the dermis and body wall anterior to the penis in males 
and to clitoris in females seem to be a source of phero¬ 
mones and release part of their secretions through 
urine"^. 

These glands are prominent in males but are com¬ 
paratively smaller in females^. The degree of male pre¬ 
putial gland activity is apparently related to social 
experience, particularly aggression^. Preputial gland 
secretions are known to attract the opposite sex in 
white-tailed deer^. They may also regulate anogenital 
licking and aid in maternal discrimination of the sex of 
pups^. de Catanzaro et al.^ reported that male preputial 
and salivary glands are sources of pheromones that 
stimulate oestrus in female mice, but preputial gland 
secretions are not involved in the male-induced preg¬ 
nancy block^. 

Chemical identity of mammalian pheromones such as 
the urinary compounds of mice^^, tiger^\ and elephant'^ 
is available. The significance of male preputial glands in 
social and sexual behaviour of rats has been investigated 
and the involvement of the preputial odour in eliciting 
females’ or intermales’ aggression has been reported^. 
However, chemical identification of pheromonal com¬ 
pounds of preputial gland secretion in male rats and 
their functions in social and sexual behaviour are still 
obscure. The present report deals with the chemical na¬ 
ture of male preputial glands in rats. 

Sexually matured and reproductively active laboratory 
rats, Rattus norvegicus weighing 200-250 g were main¬ 
tained on a 12:12 lightidark cycle in the laboratory. The 
animals were given rat feed and tap water ad libitum. 
The animals were killed by cervical dislocation. As suf¬ 
ficient quantity of the preputial secretion of rats was 
difficult to collect, the preputial glands were removed 
from 20 rats and ground well in a mixture of solvents 
(methylene chloride and n-hexane 1:1 v/v) at room tem¬ 
perature. The supernatent was then filtered through sil¬ 
ica gel column (60-120 mesh) and concentrated under 
vacuum (temperature <30°C) for fractionation and 
chemical identification using gas chromatography-linked 
mass spectrometric (GC-MS) analyses by comparison 
with standard compounds. The GC-MS analyses were 
made in a Nermag R-10-IOC instrument under computer 
control at 70 eV. Chemical ionization was performed by 
using ammonia as reagent gas at 95 eV (ref. 13). Then 
the chemical mixtures were subjected for fractionation 
to separate the compounds. 

Assuming the importance of the fractionated com¬ 
pounds in pheromonal activity, Y-Maze odour prefer¬ 
ence test was conducted by following the procedure of 
Perkin and Seamon^'^. In three different sets of same and 
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SETENTION TIME (in min. ) 


Figure 1. Gas chromatographic profiles of sex attractants from preputial glands of male albino rats Rattui iiorveeiciit I 
2,6,10-Dodecatnen-l-ol,3,7,11-trimethyl (Z, E); II, Dl-n-octyl phthalate; III, l,2,benzenedicarboxylic acid isooctyl ester. ’ 







b , 


S'li; ‘gZ““ “"‘’“"'I ») s.."d.,d fo, .n„ 


STANDARD FOR COMPOUND II 

279 


1. Bioassay responses of male and female r ats to the three different fractions of male preputial gland 


secretions 


Responder 


Time (in seconds) spent by the individual towards the fractions of 
ma e preputial gland extract for 15 minutes test (trails: 3 times/set) 


-- - - -- Blank slide _H Blank slide HI Blank slide 

5“"’= sex 107.6±3.25 ^ 0+198 -i'^TTrTi;--- Blanksl.de 

(« = 3/set) U5.6±3.73 33.83 ± 1.73 386.2±6.49* 36.8±1.56 

Opposite sex 412.6 ±4.68* 37 0 + 9 81 ioo o c n,* 

(n = 3/set) ■ ' 89.8 _ 5.02 34.0 ±1.31 117.5 ±3.09 28.33 + 449 


'represents the standard error of mean 


ester. ^ v > E), II, Di-n-octyl phthalate; III, 1,2 E 

Level of significance in same sex. 

I vs IINS; I vs III significant at P <0 005 level-IT VC ITT ■ -r- 

Level of significance in opposite sex. ’ ’ ^‘gn'ficant at /> < 0.005 level. 

I VS II significant at P < 0 05 level- i vc ttt n.- -r- 

level, I vs III significant at P < 0.005 level: II vs III .si.ni 


117.5 ± 3.09 28.33 ±4.49 


Benzenedicarboxylic acid, diisooctyl 


n vs III significant at P < 0.005 level. 
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JFigure 4. Electron impact-mass spectra of (a) Compound I (2,6,10- 
dodecatrien-l-ol,3,7,11 “trimethyl (Z, E) and {b) standard for com¬ 
pound I isolated from male preputial gland. 


opposite sexes, 3 animals were used in each set for be- 
haviour analysis. Fresh samples were used in each trial. 
The behaviour was assessed for 15 min with these com¬ 
pounds and the solvents alone as control. The respond¬ 
ers were of the same and the opposite sex. The time 
taken for visiting each fraction was recorded and sub¬ 
jected to statistical analyses. 

The extracted male preputial gland contains 2,6,10- 
dodecatrien-l-ol,3,7,11-trimethyl (Z, E), di-n-octyl 

phthalate and l,2,benzenedicarboxylic acid, diisooctyl 
ester (Figures 1-4). These chemical substances have 
their unique functions. The first two compounds are in¬ 
volved in the attraction of the opposite sex and the third 
compound is involved in the attraction of the same 
sex (Table 1). Thus, the preputial gland of male rat 
contains three different compounds with distinct social 
functions. 
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Effect of chronic atenolol treatment 
on responses to noradrenaline and 
terbutaline in isolated ventricle from 
hypertensive and hyperthyroid rats 

Praveen Bhugra and O. D. Gulati* 

Department of Pharmacology, Pramukhswami Medical College, 
Karamsad 388 325, India 

The present investigation was undertaken to study 
the effect of chronic treatment with atenolol on 
noradrenaline and terbutaline in hypertensive and 
hyperthyroid rats. The maximum increase in force of 
contraction of ventricle by noradrenaline in control 
preparations chronically treated with atenolol was 
reduced, while that produced by terbutaline was not 
affected. The pD2 values of both the agonists were 
increased. In DOCA-saline hypertensive prepara¬ 
tions, chronic treatment with atenelol did not pro¬ 
duce any change in noradrenaline-induced positive 
inotropic responses; however, the maximal response 
to terbutaline was reduced. While the pD2 value of 
noradrenaline was decreased, that of terbutaline was 
increased. Chronic treatment with atenolol in hyper¬ 
thyroid rats did not produce any significant effect on 
the maximal contractions of ventricle with either no¬ 
radrenaline or terbutaline. However, the pD2 value 
of noradrenaline was reduced while that of terbu¬ 
taline was unaffected. It is concluded that the bene¬ 
ficial effects of atenolol in hypertension and 
hyperthyroidism may be related to reduction in the 
number of beta-receptors in the heart. 

BetAi- and beta 2 -adrenoceptors co-exist in the hearts of 
most species, with the betapadrenoceptor predominating 
functionally under normal physiological conditions^'^. 
Chronic administration of agonist or antagonist receptor 
ligands results in decrease (down-regulation) and in¬ 
crease (up-regulation) respectively in ligand-binding 
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densities'*. Prolonged treatment with beta-receptor 
blocking agent, propranolol, can lead to an increase in 
the beta-receptor number in various tissues, which may 
contribute to the development of withdrawal symptoms 
if discontinuation of drug therapy is abrupt**. However 
beta-adrenoceptor up-regulation is not an automatic 
consequence of antagonist exposure and in some sys¬ 
tems beta-adrenoceptor decreases®. This down- 
regulation may contribute to the pharmacological activ¬ 
ity of these agents, but the mechanism of action remains 
to be defined". Cardiac beta-adrenoceptor function may 
be altered in hypertension^ The decrease in beta- 
functions response may be attributed partly to the down- 
regulation of betai-adrenoceptors in hypertension. Little 
is known about functional beta 2 -adrenoceptors in hyper¬ 
tension . Clinically hyperthyroidism may be associated 
with systolic hypertension. The intention of the present 
study was to see if the hypertension or hyperthyroid- 
state-induced changes in responses to agonists could be 
reversed by chronic treatment with atenolol. 

Male Wistar rats (250-350 g) were sacrificed by a 
sharp blow on the head and cutting of the neck blood 
vessels. The heart was rapidly removed and placed in a 
petri dish containing oxygenated, prewarmed (35°C) 
Ringer Locke physiological salt solution of the compo¬ 
sition (mM): NaCl-15.4; KCI-5.6; CaCl 2-2 2 - 
NaHCO 3 - 6 . 0 ; glucose - 11 . 1 . The solution always 

(1X10-®M) and atropine 
(I X 10 M). The free wall of the right ventricle was 
excised and the intact right ventricle was suspended*** in 
a 30 ml organ bath containing Ringer Locke physiologi¬ 
cal salt solution (35±0.5°C,. bubbled with oxygen 1 g 
tension). After equilibration for 45 min, during which 
the solution was changed every 15 min, the ventricle 
was driven by square wave pulses (5 PPS, 5 ms 1 ms 
delay supramaximal voltage 50 V). The electrodes were 
attached to stimulator research model SS-48 (Recorders 
and Medicare System, Chandigarh). Isometric tension 

^°*'**® displacement transducer 

Concentration-response curves of noradrenaline and 
terbutaline were obtained non-cumulatively on a 15 min 
cycle. The maximal increase in contractile force of ven¬ 
tricle for each concentration of noradrenaline and terbu- 
taline was measured. 

Groups of 5-10 normal or 3-4 hypertensive rats re- 
ceived similar chronic treatments with atenolol 
(3 mg/kg) dissolved in triple-glass-distilled-water and 
administered orally via a Ryles tube once daily for 28 
days . Another group of rats received simultaneously 
the same dose of L-thyroxine (0.75 mg/kg in 0.001 N 

®**t)^“t^neously) and atenolol 
(3 mgAg dissolved in triple-glass-distilled-water orally 
via a Ryles tube) once daily for 7 days. 

Male albmo rats weighing about 100 g were kept on a 
diet high in sodium chloride and drinking water was 


replaced by 2% sodium chloride solution ad lib. When 
the rats attained a weight of about 250 g, they were 
given deoxycorticosterone acetate (DOCA) dissolved in 
sesame seed oil in a dose of 10 mg/kg, subcutaneously 
twice weekly for 42 days^^. 

To check whether hypertension had been produced by 
the DOCA-saline treatment schedule, blood pressure of 
rats was recorded . Following confirmation of induction 
0 hypertension, groups of 3-4 rats received chronic 
treatment with drugs as discussed above. 

Hyperthyroidism was induced by subcutaneous injec¬ 
tion of 0.75 mg/kg L-thyroxine sodium in alkaline saline 
solution (0.001 N NaOH in 0.9% NaCl) daily for 7 
days . 

Rectal temperature and heart weights of L-thyroxine- 
treated animals were recorded before the start of the 
teeatment and before sacrifice. Serum was prepared from 
lood samples collected from the common carotid artery 
of rat exsanguinated on the day of the experiment and 
stored at -20°C. Total serum thyroxine (T 4 ), tri¬ 
iodothyronine (T 3 ) and thyroxine stimulating hormone 
(TSH) levels were determined by enzyme immunoassay 
(EIA) with a commercially available in vitro ‘diagnostic 
kit’ (Bio Me’rieux, France) on semi-autoanalyser 
(SEAC CH-100; Ames marketed by Miles India, 
Baroda). 

Microscopic examination of the ventricular tissue was 
performed according to the method of Helper*®. 

Noradrenaline (± arterenol; NA); atropine sulphate 
and guanethidine (l-[ 2 -guanidinoethyl] octa hydroazo- 
cine) monosulphate were obtained from Sigma. Terbu¬ 
taline was obtained form Astra-IDL. The following 
drugs were received as free gifts; atenolol (Cadila, 
Ahmedabad); deoxycorticosterone acetate (Infar, Bom¬ 
bay), L-thyroxine sodium (Glaxo, Calcutta). 

Polyethylene glycol 400 (E. Merck, Bombay), glycer¬ 
ine 1. P. (Metro, Wadhwan City), sesame seed oil 
(Ahmed Mills, Bombay) were obtained and used as sol¬ 
vents of the drugs. 

Only one agonist was used for getting concentration- 
response curve in a given preparation. Contractile force 
was expressed as gram of tension developed. The pD 2 
values were determined from the EC 50 (ref. 16). The 
results are expressed as mean ± SEM and analysed by 
the Student’s r test for obtaining the level of signifi- 
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cance 

Noradrenaline (3.51xl0~^M to 1.4xiO"^M) and 
terbutaline (3.03 x 10 to 9.11 x 10**^ M) produced 
concentration^dependent increase in the force of con¬ 
traction in electrically driven isolated right ventricle. 
The maximum increase in force of contraction by norad¬ 
renaline in control preparations chronically treated with 
atenolol was found to be reduced significantly 
(P < 0.01). The response to terbutaline was, however, 
not altered significantly. The pD 2 values of both the 
agonists were increased (P < 0.01) (Table 1 ). 
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Table 1. Effect of atenolol on the maximal contractile force and pD 2 values obtained in rat isolated ventricle with 
noradrenaline and terbutaline in control, DOCA-saline hypertensive and hyperthyroid rats 




Noradrenaline 


Terbutaline 


Treatment group 

Maximum 
contractile 
force (g) 

n 

pDa value 

Maximum 
contractile 
force (g) 

n 

pDa value 

Control 

4.07 + 0.19 

6 

6.33 ± 0.04 

0.81 ±0.14 

5 

5.26 ± 0.01 

Chronic atenolol 

2.79 ± 0 . 11 * 

5 

6.94+0.01* 

0.99 ± 0.09^® 

3 

6.32 + 0.02* 

DOCA-saline 

3.96 ±0.19'^® 

3 

6.90 ±0.02* 

2.07 + 0.01* 

3 

5.40 ± 0.06* 

DOCA-saline + 
chronic atenolol 

4.02 + 0.08^® 

3 

6.45 ±0.04* 

1.74±0.10** 

3 

5.74 ±0.03* 

L-thyroxine 

2.01 ±0.16* 

3 

7.00 ±0.00* 

1.74 ±0.11* 

3 

5.55 ± 0.07* 

L-thyroxine + 
chronic atenolol 

2.07 ± 0 . 00 '^® 

3 

6.32 ±0.00* 

L92±0.03'^^ 

3 

5.66 ± 0.06^^ 


Values are listed as ± SEM 

*P<0.01 and < 0.05, significant difference; NS, no significant difference. Comparisons are made between (i) 
chronic atenoloI/DOCA-saline/L-thyroxine and control (ii) chronic DOCA-saline and chronic DOCA-saline + atenolol (iii) 
L-thyroxine and chronic L-thyroxine + atenolol. 


Table 2. Effect of chronic treatment with atenolol on various somatic parameters measured following altered thyroid state 

in rats 


Treatment group 


Variable Control L-thyroxine L-thyroxine + atenolol 


Body weight (g) 

250.00 

± 0.00 

216.66 

+ 

10.54* 

250.00 

+ 

12.91** 

Rectal temperature in °C 

37.81 

±0.03 

39.56 

± 

0.15* 

38.34 

± 

0 . 11 * 

Heart weight (mg 100 g"^ body wt.) 

362.00 

+ 7.00 

594.00 

± 

1.80* 

518.00 

+ 

29.2* 

Serum thyroxine (T 4 ) (meg %) 

11.3 + 0.30 

38.26 

+ 

0.35* 

36.33 

± 

1.43^^ 

Serum tri-iodothyronine (T 3 ) (ng/ml) 

1.23 

+ 0.08 

8.68 

± 

0.50* 

7.76 

± 

0 . 10 ** 

Serum TSH (ji/ml) 

3.83 

±0.03 

0.24 

± 

0 . 02 * 

0.10 

± 

0 . 00 ^^ 


Values are listed as ± SEM 

*P<0.01 and < 0.05, significant difference; NS, no significant difference. Comparisons are made between (i) 
chronic L-thyroxine and control (ii) chronic L-thyroxine treatment and chronic L-thyroxine + atenolol treatment. 


In DOCA-saline hypertensive preparations, norad¬ 
renaline-induced increase in force of contraction was not 
altered significantly, while terbutaline showed a signifi¬ 
cant increase compared to control. The pDi values of 
both the agonists showed an increase compared to the 
control. Chronic treatment with atenolol did not produce 
any change in noradrenaline-induced positive inotropic 
responses, however, the maximum positive inotropic 
effect of terbutaline was reduced (P < 0.05) compared to 
DOCA-saline control. The pD 2 value of noradrenaline 
showed a decrease while pD 2 value of terbutaline 
showed an increase (P < 0.01) (Table 1). 

Hyperthyroid state in rats produced significant in¬ 
crease in heart weight and hyperthermia (Table 2). Se¬ 
rum T 3 and T 4 levels were increased while TSH level 
was reduced significantly (P<0.01). Chronic treatment 
with atenolol produced significant (P < 0.01) reduction 
in the heart weight and rectal temperature, without af¬ 
fecting T 4 and TSH levels. There was, however, slight 
but significant decrease in T 3 level after atenolol treat¬ 
ment (Table 2). 
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Chronic treatment with L-thyroxine reduced (P < 0.01) 
the maximal contraction with noradrenaline and in¬ 
creased that with terbutaline; the pD 2 values were 
increased (P <0.01) with both the agonists. Chronic 
treatment with atenolol in hyperthyroid rats did not 
produce any significant effect on the maximal contrac¬ 
tions of ventricle with noradrenaline and terbutaline. 
However the pD 2 value of noradrenaline was reduced 
(P<0.01), while that of terbutaline was unaffected 
(Table 1). 

Microscopic examination of stained ventricular tissues 
of DOCA-saline-treated rats showed focal aggregates of 
inflammatory cells (b). Atenolol treatment had no effect 
in some (ccO and restored the profile in others (cd 2 ) 
(Figure 1). 

The results confirm the co-existence of betap and 
beta 2 “adrenoceptors in rat ventricle. This also strongly 
supports the view that in the rat right ventricle, as in 
human hearts, beta 2 ~adrenoceptors can mediate a posi¬ 
tive inotropic effect, but these effects are smaller com¬ 
pared to betai-adrenoceptor-mediated effects^^. 
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rats chronically treated for 42 days with DOCA-saline and then with atenXi for TdlT Tlf^^tf T '"^““"'"‘“ry celis; (c. d), in 

of vessels (d) reversal of pathology to normal. photomicrograph depicts (c) congestion 


Atenolol, at a concentration which blocks betap 
adrenergic activity, results in virtually no betaa- 
antagonism . In the present study chronic atenolol 
treatment increased the pD 2 values of both noradrenaline 
and terbutaline, suggesting an increase in the beta- 
adrenoceptor density. The decrease in the maximal re¬ 
sponse with noradrenaline and no effect on the response 
to terbutaline may be due to down-regulation of the 
betapreceptors with compensatory up-regulation of the 
beta 2 -receptors. 

In hypertensive preparations there was an increase in 
the pD 2 value of noradrenaline, implying increased beta- 
adrenoceptor density; the maximal response was not 
changed. However with terbutaline, there was an in¬ 
crease in both the pD 2 value and the maximal response, 
suggesting an increase in the beta 2 receptors and in¬ 
creased calcium influx^^ Chronic treatment with 
atenolol reduced the pD 2 value of noradrenaline with no 
change in the maximal contractile force of ventricle, 
however, the pDa value of terbutaline was increased 
with a decrease in the maximal contraction, possibly due 

694 


to depletion of noradrenaline at the sympathetic terminal 
by interfering with transmitter turnover^^ or uptake^^ or 
both. Reduction or reversal by atenolol of the process of 
arterial hypertrophy or hyperplasia associated with hy¬ 
pertension may be an alternate possibility^"^. The resto¬ 
ration of tissue damage detected microscopically in 
some atenolol-treated preparations from hypertensive 
rats supports the above suggestion. Further work with 
specific radioligands would be necessary to confirm this 
suggestion. 

Chronic L-thyroxine treatment increased the pD 2 value 
of noradrenaline and reduced the maximal response, 
implying increased beta-adrenoceptor density and de¬ 
creased calcium influx. However with terbutaline, there 
was significant increase in the pD 2 value together with 
incieased calcium influx. Simultaneous chronic treat¬ 
ment with L-thyroxine and atenolol decreased the pD 2 
value of noradrenaline with no change in the pD 2 value 
of terbutaline and in the maximal contractile force of 
ventricle, suggesting that this may be due to a slight re¬ 
duction in the betai-adrenoceptor with compensatory 
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increase in the beta 2 '-receptors. Apart from this, the sig¬ 
nificant somatic changes seen in rats treated simultane¬ 
ously with L-thyroxine and atenolol, specially the heart 
weight and T 3 levels, may have played some vital role in 
the decrease of the affinity (pD 2 value) of adrenoceptors 
to noradrenaline. 

It is concluded that the beneficial effects of atenolol 
in hypertension and hyperthyroidism may be related to 
the reduction in the number of betai-adrenoceptors in 
heart. 
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Octopamine titer in the circulating 
fluid of tropical tasar silkworm, 
Antheraea mylitta Drury 
(Lepidoptera: Saturniidae) and its 
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The presence and role of the biogenic amine, octo¬ 
pamine has been demonstrated in Antheraea mylitta 
during pupal diapause. For elucidation of estrogen- 
induced responsiveness of insects, three consecutive 
injections of estradiol-17-P (E 2 ) at doses of 1, 5, 10 
and 50 p,g/pupa on days 130, 135, and 140 of pupal 
age were injected to both male and female pupae of 
A. mylitta during diapause. E 2 treatment caused a 
significant enhancement in plasma octopamine con¬ 
centration of haemolymph on day 150 (except in 
males with 50 \ig dose) and reduction on day 165 in 
both the male and female A. mylitta. On the contrary, 
plasma protein concentration was found to be higher 
only on day 150 when treated with E 2 between 1 and 
50 |i.g doses. Octopamine titer in haemolymph plasma 
always remained higher in male than its female coun¬ 
terpart while in case of plasma protein titer it was 
found to be just reverse in control animals. E 2 , 
@1-50 p,g/pupa caused a significant reduction in pu¬ 
pal duration inducing early moth eclosion. Egg pro¬ 
duction increased at lower doses and decreased at 
higher doses of this hormone. E 2 at the dose by 
0.5 |Lig/pupa remained ineffective in all the cases ex¬ 
cept in elevating the female plasma protein titer and 
egg production. Hence, diapausing pupae of tropical 
tasar silkworm, A. mylitta is physiologically respon¬ 
sive to vertebrate estrogen, E 2 . 

Pupal diapause is a common phenomenon in wild tropi¬ 
cal tasar silkworm Antheraea mylitta Drury, which con¬ 
tinues up to 200-210 days depending on the ambient 
environmental conditions^ In Lepidoptera, pupal dia¬ 
pause occurs because the pupal brain stops secreting the 
peptidic prothoracicotropic hormone (PTTH) in re¬ 
sponse to diapause programming signals (mainly short 
day photoperiod) received in the larval stage. According 
to Denlinger^, since PTTH is necessary for maintaining 
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the activity of prothoracic glands, these also stop pro¬ 
ducing ecdysone, thereby interrupting the development 
as diapause. Studies by Puiroux et al} have indicated 
that certain brain mechanisms, particularly biogenic 
amines, could be directly involved in the perception of 
variations in photoperiod and could mediate some 
physiological effects particular to dormancy. 

Octopamine is one of the most abundant biogenic 
amines found in insect nervous system which functions 
as a neurotransmitter, neuromodulator and neurohor- 
mone'^''^. However, no information is available on the 
controlling influence of octopamine on pupal diapause 
in A. mylitta nor even its presence in the circulating 
fluid of this insect having economic importance. An 
aminergic-peptidergic relationship may exist behind the 
events of induction and termination of pupal diapause of 
A. mylitta, which in turn is controlled by the environ¬ 
ment. Hence, the present study was undertaken to exam¬ 
ine the concentration of circulating octopamine together 
with the effect of vertebrate 17-p-estradiol (E 2 ) during 
critical phase of diapause termination in A. mylitta and 
their possible role in diapause physiology. It should be 
mentioned here that metabolic effect of estrogen has 
been reported in silkworms by Ogiso and Ohnishi®, as 
well as Das and Ray^. 

Healthy diapausing pupae of tropical tasar silkworm, 
Antheraea mylitta Drury, of each sex were selected at 
random from the bivoltine brood at the time of pupation 
(0 day pupae) and subjected to hormonal treatment in 
the same physiological condition for each dose. Body 
weight of the pupae ranged from 9 to 10 g in male and 
15 to 16 g in female during the time of experiment. 

Three consecutive injections of E 2 (Sigma, USA) were 
given to the male and female pupae of diapause-destined 
A. mylitta on days 130, 135 and 140 respectively. In¬ 
jected hormonal doses were 0 . 5 , 1 , 5 , 10 and 50 pg per 
pupa. The control animals received an equal volume of 
the vehicle (absolute alcohol: 0.65% saline mixture, 
1:1). The insects were sacrificed on days 150 and 165 
(critical phase) of pupal age for biochemical assay. 

The technique used for assay of octopamine is a 
modification of a simple, rapid and sensitive procedure 
for measuring dopamine ^-hydroxylase activity in hu¬ 
man blood first described by Nagatsu and Udenfriend^®. 
The assay is based on the enzymatic conversion 
of tyramine to octopamine[l- 0 -hydroxyphenyl) 2 - 
aminomethanol] which is then oxidized to p- 
hydroxybenzaldehyde and determined photometrically 
(Abs at 330 nm). Thus, the oxidized product of octo¬ 
pamine was assayed. Sufficient precautions were taken 
to ensure that interfering components/compounds during 
the assay procedure were reduced to a minimum. Pure 
octopamine @ 2 pmol/ml at the concentration of 5—15 
nanomoles (Sigma, USA) was used for preparation of 
standard calibration curve. Spectral overlay studies also 
ensured that absorption maxima of interfering com¬ 
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pounds was different from that of p-hydroxy- 
benzaldehyde at 330 nm. 

Wing margins of the pupae were punctured to collect 
the haemolymph in a phenyl-thiourea coated microfuge 
(eppendorf) tubes. The fluid was then centrifuged at 
3000 rpm (700 g) to precipitate the haemocytes. One 
hundred microliter of haemolymph plasma was taken for 
assay of octopamine concentration. 0.4 ml TCA was 
added to the measured amount of plasma to precipitate 
the plasma proteins. Supernatant was then transferred to 
a small column of Dowex-50^^'^^ (200-400 mesh). Be¬ 
fore loading the sample, the column was repeatedly ( 2-3 
times) washed with double-distilled water (DDW) fol¬ 
lowed with 5(N) HCl solution and finally with DDW 2 - 
3 times. The octopamine in the sample is absorbed with 
the Dowex-50^”‘^\ The column was then washed with 
DDW repeatedly to remove the TCA from the column. 
Finally the octopamine was eluted from the column by 
applying a measured amount (1 ml) of 4(M) NH 4 OH. To 
the eluted material 0.1 ml (20 g/l) of NaI 04 was added. 
After about 10 min, excess periodate was reduced by 
adding Na 2 S 205 . Absorbance was read in a UV- 
spectrophotometer (Shimadzu, Japan, Model No. 168) at 
330 nm. 

The plasma protein was assayed by the method of 
Vera^^ using bovine serum albumin as standard. 

Emergence duration (from 0 day pupa to adult eclo- 
sion) after injection of different doses of estrogen was 
recorded sex-wise. Total egg production was noted by 
counting the mature eggs laid per female for three con¬ 
secutive days and the unlaid mature chorionated eggs by 
dissecting out the abdomen after complete oviposition. 

Results are expressed as the mean ± standard error of 
at least three individuals pooled for single replication 
and each mean value is the average of five replications 
for octopamine and protein. Experimental results were 
analysed by the Student’s t test in all the cases. 

This paper first reports the presence of octopamine in 
the circulating fluid haemolymph of tropical tasar silk¬ 
worm, A. mylitta, besides estrogen-induced alterations 
in its concentration. The circulating octopamine concen¬ 
tration in haemolymph (nanomoles/ml plasma) was 
found to be sharply reduced (32.03% in female and 
29.28% in male) in control lots on day 165 compared 
with day 150 of diapausing pupae. Male pupae always 
showed higher octopamine titer (37.51% to 147.13%) 
than their female counterparts. 

E 2 at the doses of 1, 5, 10 and 50 jug/pupa caused a 
significant enhancement in plasma octopamine concen¬ 
tration level over control at 150 days with a single ex¬ 
ception in case of male at 50 |ig dose where a significant 
reduction was noted. By contrast, this hormone (1- 
50 |ig) significantly reduced the level of octopamine on 
day 165 in diapausing pupae in both the sexes when 
compared with control animals. Lower dose of estrogen 
(0.5 |ig) remained ineffective in altering the plasma 
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Figure 1. Effect of estradiol-17p on plasma octopamine titre during critical phase of pupal diapause in A. mylitta. Three consecutive 
injections were given to 130, 135 and 140 day pupae Vertical bars represent the standard error of the mean (ns, not significant; a, 


P < 0.05; b, F < 0.01; c, F < 0.001). 



Figure 2 Effect of estradiol-17p on plasma protein concentration during critical phase of pupal diapause in A. mylitta. Three con¬ 
secutive injections were given to 130, 135 and 140 day of pupal age. Vertical bars represent the standard error of the mean (ns, not 
significant; a, F < 0.05; b, F < 0.01; c, F < 0.001). 
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octopamine titer on both the days under study during 
pupal age (Figure 1). 

Protein content of plasma increased with all the doses 
of estrogen (with exception at 0.5 and 1 |ig doses in 
male) on day 150 while the same remained unchanged 
on day 165 during pupal development. Protein concen¬ 
tration was found to be higher on day 165 than day 150 
in both the sexes, and female contained more protein 
than male in control group of insects (Figure 2). 

Significant fall in circulating octopamine titer together 
with concomitant rise in plasma protein concentrations 
between 150 and 165 days of pupal age in both the sexes 
of control silkworm during pupal diapause further reveal 
a strong possibility of the beginning of diapause termi¬ 
nation after 150 days, which is in agreement with our 
earlier findings on age-dependent, tissue-specific fluc¬ 
tuations in carbohydrate metabolism during pupal dia¬ 
pause having physiological significance*^. Plasma 
octopamine may act as a neurohormone in these insects 
to initiate the pupal diapause between 150 and 165 days 
by triggering the onset of tissue metabolism. This may 
evidently be caused by a significant rise in plasma pro¬ 
tein level on day 165 of pupal age in A. mylitta. The 
haemolymph composition may be an indicator of the 
metabolic changes in some vital organs*^’*"*. Changes in 
haemolymph octopamine levels have been reported un¬ 
der a number of species circumstances performing sev¬ 
eral biochemical changes controlling short term lipid 
and carbohydrate metabolism on being released as a part 
of an arousal mechanism in response to stressful cir¬ 
cumstances*^’*^. These observations corroborate our pre¬ 
sent findings. 

Control male and female moths emerged on an aver¬ 
age of 202 and 215 days respectively after availing pu¬ 
pal diapause. Estrogen at the doses of 1-50 pg/pupa 
caused a significant reduction in emergence duration in 
a dose-dependent manner (Table 1). 50 jig of estrogen 
was found to be more effective in inducing the early 
eclosion behaviour of moth than the other doses of the 
hormone applied to the pupae. E 2 at the dose of 0.5 jLtg 


remained ineffective in this respect. Egg production 
(laid + unlaid) by female moth was significantly en¬ 
hanced with the doses of 0.5-5.0 jug while 10 and 50 jig 
of E 2 caused significant reduction in egg production 
(Table 1). 

Male haemolymph plasma contains more octopamine 
than females which may be one of the important 
physiological causes for early eclosion of male moth by 
accelerating the rate of development for pupal-adult 
transformation. In general, males of tasar moth emerge 
earlier and in proportionately greater frequency than 
females*. Such protandry fits the model of natural selec¬ 
tion for optimum reproductive strategy for males*^. 

Estrogen-enriched octopamine titer on day 150 in the 
haemolymph with all the doses so far used in both the 
sexes may be due to more synthesis of this neurohor¬ 
mone by the neurosecretory cells (aminergic neurones) 
which may have caused earlier emergence of tasar moth 
in a dose-dependent fashion (Table 1). Steroid (20-OH 
ecdysone)-induced effect on aminergic neurones in 
Rhodnius prolixus has also been reported by Orchard et 
al}^. Higher doses (10-50 jUg) of hormone (E 2 ) exerted 
their negative influence on egg production in A. mylitta. 
The formation of less fecund functional adults may be 
due to E 2 enhanced early maturation of female repro¬ 
ductive system which results in more advanced moth 
eclosion than in other doses. Under normal circum¬ 
stances, functional female for diapause destined genera¬ 
tion requires 190-220 days (depending upon the 
prevailing environmental conditions) for optimum re¬ 
productive maturation^Estrogen-enhanced moth 
eclosion may, however, interfere with the normal devel¬ 
opmental pattern of the reproductive system, thereby 
giving rise to a less fecund female as indicated in the 
present study. E 2 elevated egg production over control at 
lesser doses (<10 jug) could possibly be due to the ana¬ 
bolic effect of this hormone on oogenesis. Estradiol-17(J 
stimulation of production of egg-specific protein vitel¬ 
logenin, oocyte maturation and embryogenesis has been 
reported®’^. 


emergence duration (days) and egg production (number) of diapause destined gen- 
/l. myhtta. Three consecutive injections were given to 130, 135 and 140-day pupae during diapause. 
____ («= 10-15 individuals) 


Emergence (Mean ± SE) 


Egg production (Mean ± SE) 


Dose 

Male 

Female 

Laid 

Unlaid 

Total 

Control 

0.5 jig/pupa 

1.0 pg/pupa 

5.0 pg/pupa 

10.0 pg/pupa 

50.0 pg/pupa 

202 ±3 

205 ± 2 (NS) 

190 ± 3 (a) 

184 + 2 (b) 

173 ± 3(b) 

170 ± 2(b) 

215 + 2 

209 ± 3 (NS) 
195 ± 2(b) 
192 ± 2 (b) 
178 ± 3 (b) 
173 + 3 (b) 

162 ±3 

195 ± 4(b) 

232 + 6 (b) 

222 ± 5 (b) 

142 +8(b) 

128 ±6 (b) 

23 ±2 

17 ± 2 (b) 

29 ± 3 (b) 

43 ± 3 (b) 

18+ 1 (b) 

20 ± 2 (b) 

185 ±4 

212 + 3 

261 ±5 

265 ±2 

160 ±7 

148 ± 8 

SE, Standard error ; 
P< 0.001. 

, r, test probability differences between 

control and treated lots; NS, Not significant; a. 

P < 0.020; b. 
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Thus, it emerges that octopaminergic neurones are 
physiologically responsive to 17~p-estradiol which is 
actively involved in diapause regulatory mechanism by 
triggering tissue metabolism in advance in tropical tasar 
silkworm A. mylitta D. 
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Micropropagation of Eremostachys 
superba - An endangered, endemic 
species from India 

V. G. Sunnichan and K. R. Shivanna* 

Department of Botany, University of Delhi, Delhi 110 007, India 

Eremostachys superba Royle ex Benth. is an endan¬ 
gered species of potential ornamental value. In the 
natural habitat, seed set is poor and germination 
does not occur. Seed viability lasts for only five 
months. A protocol has been developed to micro- 
propagate E, superba. Seeds failed to germinate even 
in vitro. Excised embryos could be germinated on 
Murashige and Skoog’s (MS) basal medium. Excision 
of roots was necessary to promote growth of the 
plumule. Multiple shoots could be induced in cul¬ 
tures of shoot tips as well as nodal segments on MS 
medium containing 6-benzylaminopurine and indole- 
3-acetic acid. The shoots were rooted on MS medium 
containing indole-3-butyric acid, and the plantlets 
were hardened and transferred to soil in the open. 

Eremostachys superba Royle ex Benth. (Lamiaceae) is 
a herbaceous ornamental, perennating by means of a 
thick, deep penetrating tuber. The species is endemic to 
Garhwal Himalayas and has been declared endangered . 
The species was reported to be reduced to a single 
population with only 25 individuals at Mohand, near 
Dehra Dun (UP)^. Browsing by herbivores, collection of 
flower twigs by travellers, poor seed set and lack of seed 
germination are responsible for its diminishing 


population size^. According to Rao and Garg^, the mul¬ 
tiplication of the species through tissue culture tech¬ 
niques is urgently needed for enhancing the population 
size to counteract genetic stochasticity^. 

Plant tissue culture is an effective means for rapid 
multiplication of endangered species in which conven¬ 
tional methods present limitations"^"''. Establishment of 
aseptic cultures and development of an efficient proto¬ 
col for regeneration and multiplication of plants are re¬ 
quired for developing in vitro strategies for 
conservation. Attempts have been made to micropropa- 
gate endangered species of ornamental or medicinal 
value such as Picrorhiza kurroa^, Coleus forskohlif, 
Rauvolfia serpentina^, Coptis teeta^ and Meconopsis 
simplicifolia^^. In this communication we report an ef¬ 
ficient micropropagation protocol for E. superba using 
shoot tips and nodal segments from seedlings raised 
from excised embryos. 

Detailed studies were made using seeds collected 
during April 1995 and 1996 from the natural population 
near Dehra Dun. The seeds were stored at room tem¬ 
perature and used for experiments during July-August 
1995 and 1996. As the work was in progress, the authors 
were informed that a few more populations of E. su¬ 
perba have been located near Jammu also (A.K. Koul, 
personal communication). The results obtained with 
Dehra Dun population were subsequently confirmed 
with seeds collected from the Jammu population. At¬ 
tempts made to germinate seeds in soil as well as on 
petri plates lined with moist filter paper were unsuccess¬ 
ful. To achieve germination in vitro, the seeds were 
washed in 1% Teepol (a commercial bleach) for 20 min 
and kept in running tap water for 1 h. They were sur¬ 
face-sterilized with 0.1% (w/v) mercuric chloride for 5 


*For correspondence. 
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min and rinsed several times under aseptic conditions 
with sterile distilled water. In one experiment, whole 
seeds were cultured and in other experiments, excised 
embryos were cultured on agar-solidified Murashige and 
Skoog’s^^ basal (MS) medium, alone or supplemented 
with various concentrations and combinations of 6 - 
benzylaminopurine (BAP), kinetin (Kn), indole-3-acetic 
acid (lAA), indole-3-butyric acid (IBA) and gibberellic 
acid (GA 3 ) (all from Sigma). Unless otherwise specified, 
3% (w/v) sucrose (Qualigens, India) was used. The pH 
of the medium was adjusted to 5.8 before adding 0 . 7 % 
(w/v) agar (Qualigens, India). The molten medium was 
dispensed into 25 x 150 mm culture tubes (20 ml) or 
150 ml Erlenmeyer flasks (40 ml) and autoclaved at 
121°C and 1.1 kg cm^ pressure for 18 min. 

All the cultures were incubated at 24^C and a photo¬ 
period of 16 h provided by cool, white fluorescent tubes 
with a photon flux density of 40 pmol m“^s“^ at culture 
level. Each treatment had 24 replicates and all experi¬ 
ments were conducted thrice. 

The seeds with intact seed coats did not germinate in 
vitro. However, over 30% of the excised embryos cul¬ 


tured on MS basal medium germinated in about 12 days. 
A four-week-old seedling on MS basal medium showed 
a pair of cotyledonary leaves and about 25 mm long 
tap root (Figure la). The plumule failed to develop 
into a shoot on this medium even after four transfers, 
each of four weeks’ duration. Embryos raised on MS 
medium containing only BAP (0.1-0.5 mgU) or BAP 
(0.1 mgl ^) -I- lAA (0.1 mgU) showed enlargement of the 
cotyledons but no shoot development. The radicle did 
not form the root but callused. Numerous shoot buds 
were initiated at the enlarged hypocotyl but they failed 
to grow further (Figure 1 b). 

When the tap root was excised from seedlings raised 
on MS basal medium and the remaining portion of the 
seedling was recultured on MS-rO.lmgl"^ BAP and 
lAA, the plumular region initiated up to 9 shoots in 4 
weeks. The multiplication cycle can be repeated by ex¬ 
cising the shoot tips and transferring to fresh medium. 

Embryos excised from seeds stored beyond five 
months failed to germinate. Both tetrazolium chloride 
and fluorescein diacetate tests of such seeds indicated 
loss of viability. 



Figure 1. Micropropagation of Eremostachys siiperba. a, A four-week;Old seedling on MS basal medium showing two cotyledonary 
leaves, and a tap root (arrow) (bar - 1 cm); b, A four-week-old seedling raised on MS + BAP (0.1 mgl"^) + lAA (0 1 rngl"’) The coty¬ 
ledons have enlarged and numerous shoot buds (sb) have developed (bar = 1 cm); c. Development of shoot buds from a nodal explant 
cultured on MS + BAP (O.l mgl ) 16 days after culture (bar = 1 cm); d. Multiple shoots formed from shoot tip culture on MS medium 
bap (0.3mgIp + IAA (0.1 mgU) 32 days after culture (bar = 1 cm); e, A tissue culture-raised plantlet (on 
MS + IBA + GA 3 ) before hardening. Note the well-developed roots (bar = 1.5 cm); /, A potted plant 3 months after transfer 
(bar = 2 cm). ^ 
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Table 1. Effect of BAP, Kn and lAA on shoot multiplication from 
nodal segments* 


BAP 

Kn 

(mg 1-1) 

lAA 

Number of shoots 
per node** 
(mean ± S.D.) 

Shoot length** 
(cm, mean ± S.D.) 

0.1 


- 

6.8 ± 0.1 

4.5 ±0.0 

0.2 

- 

- 

8.2+ 0.2 

3.9 ± 0.0 

1.3 

- 

- 

8.4 ±0.1 

4.8 ± 0.1 

1.4 

- 

- 

5.8 ±0.2 

4.0 ±0.0 

2.5 

- 

- 

4.2 ±0.2 

4.1 ± 0.3 

- 

0.1 

- 

2.9 ±0.0 

3.9 ± 0.4 

- 

0.2 

- 

3.8 ±0.3 

4.2 ±0.2 

- 

0.3 

- 

3.6 ± 0.2 

4.2 ±0.1 

- 

0.4 

- 

3.8 ± 0.2 

4.3 ±0.2 


0.5 

- 

3.6 ± 0.2 

4.4 ± 0.2 

- 

1.0 

- 

3.8 ± 0.1 

4.5 ±0.1 

0.1 

0.1 

- 

4.3 ± 0.5 

4.1 ±0.2 

0.5 

0.1 


5.6 ±0.3 

4.0 ±0.1 

1.0 

0,1 

- 

6,8 ±0.5 

3.9 ±0.2 

O.l 

0.5 

- 

4.2 ±0.1 

3.6 ±0.3 

0.5 

0.5 

- 

4.8 ±0.3 

3.5 ±0.2 

I.O 

0.5 

- 

4.5 ±0.2 

3.5 ±0.1 

O.l 

1.0 

- 

3.5 ±0.6 

3.6 ±0.3 

0.5 

1.0 


4.7 ± 0.4 

3.5 ±0.4 

I.O 

1.0 

- 

4.2 ±0.6 

3.6 ±0.3 

0.3 

_ 

0.05 

12.8 ±0.2 

4.6 ±0.2 

0,3 

- 

0.1 

19.1+0.3 

4.8 ±0.1 

0.4 

- 

0.2 

15.7 ±0.3 

4.4 ±0.1 

0.5 

- 

0.3 

14.1 ±0.4 

4.9 ±0.2 

1.3 

- 

0.1 

14.1 ±0.4 

3.9 ±0.1 

1.3 

- 

0.2 

13.2 ±0.4 

3.9 ±0.3 

1.3 

- 

0.3 

12.1 ±0.2 

3.7 ±0.2 


^Growth period: 32 days; **N = 72. 


Multiplication could also be done through single-node 
segments. One-node segments were cut from multiple 
shoots and cultured individually on media fortified with 
various concentrations of BAP, and combinations of 
BAP + lAA (0.05-1.0 mgr*). The responses of nodal 
segments are presented in Table 1. MS basal medium 
was not effective in inducing shoot buds. Incorporation 
of BAP into the medium caused the production of 7-9 
shoots per culture (Figure 1 c). Kinetin was less effec¬ 
tive than BAP in inducing shoot buds (Table 1). The 
superiority of BAP over Kn has also been reported in 
Tecomella undulata^^ and Albizzia lebbeck^^. There was 
no improvement in the number of shoots and their qual¬ 
ity on BAP + Kn containing medium. The best response 
was obtained on MS medium supplemented with BAP 
(0.3 mgr*) + lAA (0.1 mgl"*) in which an average of 19 
shoots per culture were produced in 16 days (Figure 
Id). At higher concentrations BAP caused the produc¬ 
tion of fewer shoots with stunted growth. Callusing was 
induced when lAA concentration was increased beyond 
0.5 mgr*. Shoots failed to elongate on MS + 
BAP 4 - lAA medium. GA 3 individually or in combina¬ 
tion with auxin did not influence shoot elongation. 
Transfer of shoots (>4 cm long) to MS medium without 
growth hormones resulted in continued elongation of 
shoots (ca 1 cm in 7 days). 
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Table 2. Effects of IB A and GA 3 on rooting of shoots {N = 72) 


Plant 

growth 

regulators 

Concen¬ 

tration 

(mgr') 

Rooting* 

(%) 

Number of 
roots per 
shoot** 

Root 

length** 

(cm) 

IBA 

0.5 

50 

2.9 ± 0.1 

2.1 ±0.0 


0.6 

55 

3.1 ±0.1 

2.0 ± 0.0 


0.7 

57 

3.3 ±0.2 

2.2 ±0.1 


0.8 

63 

4.0 ± 0.0 

2.4 ± 0.2 


0.9 

70 

4 . 2 + 0.1 

2.3 ± 0.3 


1.0 

75 

4.4 ± 0.2 

2.4 ± 0.2 


1.5 

80 

6.8 ± 0.4 

2.1 ±0.1 


2.0 

90 

9.2+ 0.3 

2.5 ±0.3 

IBA + GA, 

1.0 + 1.0 

81 

5.8 ±0.2 

2.8 ±0.2 


1.5 +2.0 

85 

7.9 ±0.5 

2.7 ± 0.3 


2.0+ 3.0 

89 

12.1 ±0.3 

2.7 + 0.3 


*1/4 Strength MS medium supplemented with 1% sucrose. 
**Growth period: 14 days. 


For induction of rooting, the shoots from •MS basal 
medium were transferred to MS + IBA/IAA. In the pre¬ 
liminary rooting experiment MS salts at full, 1/2, 1/4 
and 1/10 strength were tested. Average number of roots 
obtained on these media were 0 , 1 . 5 , 9.0 and 3.0 re¬ 
spectively. Since 1/4 strength gave better response, only 
this concentration was used in subsequent experiments. 
The beneficial effects of low-salt MS medium for initia¬ 
tion of roots in in vitro shoots have been reported in 
many systems*"*’^^. IBA in the concentration range of 
0.5-2.0 mgl"* induced rooting (Table 2); beyond 
2.0 mgl"* IBA did not improve rooting but induced cal¬ 
lusing at the cut ends of shoots. lAA was ineffective in 
inducing rooting. IBA at 1.5-2.0 mgl"* caused 80%- 
90% of the shoots to develop roots in 12 to 14 days’ 
time (Figure 1 e). Rooting was improved by incorporat¬ 
ing 1.0-3.0 mgl"* GA 3 with IBA. In this treatment 8 to 
12 wholesome roots were formed. The results obtained 
with different concentrations of MS salts suggest that 
concentration of mineral salts in the medium plays an 
important role in root initiation. 

The plantlets that regenerated were thoroughly washed 
in tap water to remove agar medium from roots and 
transferred to 6.5 cm diameter plastic cups containing 
acid-washed sand. The cup was then covered with a 
polythene bag to ensure high humidity and placed in the 
culture room. Plants were irrigated thrice a day with 
1/10 strength Hoagland’s solution*^. A 3 cm slit was 
made in each bag after 3 days and the plants were 
checked periodically. The bags were removed after 21 
days. The hardened plants showed vigour and could be 
easily transplanted to pots containing garden soil and 
organic manure (1:1 ratio). The plants were eventually 
transferred to the field (Figure 1/) with survival rate of 
about 90%. After 5 months, each plant developed 4-6 
small underground tubers. As the aerial parts have dried 
up and the tubers are viable and perennating, it is pre- 
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sumed that they would sprout in the next season. 
In nature also the shoots have been noticed to dry up 
every year and the tubers perennate and subsequently 
produce new shoots. Flowering occurs only after 2 or 3 
years (ripeness to flower stage) by which time the size 
of the tubers would have increased to a critical size 
specific to the species (R. R. Rao, personal communica¬ 
tion). 

Note added in proof: Perrenating tubers have sprouted 
and flowered after two years of transfer to soil and have 
produced seeds. 
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Mid-continent gravity ‘high’ and 
seismic activities in central India 

D. C. Mishra* and S. B. Gupta 

National Geophysical Research Institute, Hyderabad 500 007, India 

The epicenter of Jabalpur earthquake on 22 May 
1997 coincides with a NE~SW oriented gravity gra¬ 
dient at the northern margin of Satpura Mobile Belt 
(SMB) extending from west coast of India up to cen¬ 
tral India. The width and amplitude of this gravity 
gradient coincide with Narinada-Son lineament 
(NSL) and suggest a system of faults north and south 
of Jabalpur, which is also confirmed by similar gra¬ 
dients in airborne and ground total intensity maps. 

The epicenter of several other seismic activities such 
as those around Khandwa during 1993-1996 and 
near west coast of India including Broach earth¬ 
quake also coincides with this gravity gradient indi¬ 
cating its active nature. Significantly there are 
intersections of cross trends with the gravity gradi¬ 
ent in the epicentral areas of the above-referred 
seismic activities. The epicenter of Jabalpur earth¬ 
quake coincides exactly where this i gravity gradient 
changes its direction from NE~SW to NNE~SSW 
which appears to be an intersection of two similar 
oriented faults. The gravity gradient is the northern 
margin of the mid-continent linear gravity high 
which in Jabalpur section is caused by the high den¬ 
sity body in the middle crust. This high density body 
may represent magmatism related to paleorifts such 
as Mahakoshal Proterozoic rift exposed in the sur¬ 
rounding regions. As the hypocenter of Jabalpur 
earthquake is in the lower crust at the northern 
margin of the inferred high density body, it appears 
to be related to it. 

Mishra^ has discussed an east-Nvest elongated gravity 
‘high’ extending almost for 1000 km from west coast of 
India up to SE of Jabalpur in central India (Figure 1). It 
is located south of Narmada-Son lineament (NSL) and 
coincides with Narmada-Tapti section and Satpura 
Mobile Belt (SMB). Based on the spectral analysis and 
modelling along a profile from Jabalpur to Mandla, he 
suggested a mid-crustal causative basic body of density | 
2.9 g/cc which might be the result of extensional tecton- ( 
ics in the geological past. The Bouguer anomaly map of 
Vindhyan basin^ shows a sharp gradient north of 
Jabalpur which is indicative of a deep-seated fault. The 
airborne magnetic and ground magnetic profiles^ have i 
also delineated typical fault kind of magnetic anomalies 
north and south of Jabalpur. Besides these magnetic I 
anomalieS) the total intensity map^ presents sharp gradi¬ 
ent and several high amplitude short wavelength linear 
magnetic anomalies striking NE—SW in a zone approxi- 

*For correspondence, (e-mail: postmast@csngri.ren.nic.in) 
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Figure 1. Bougiier anomaly map of Narmada-Tapti section with probable faults along gravity gradients and epicenter of seismic activi¬ 
ties. Size of circles indicates the magnitude of earthquakes, largest being of magnitude 5-6, medium 4-5, and smallest 3-4. 


mately 30 km north of Jabalpur up to 30 km south of it. 
Based on deep seismic sounding, an uplift of Moho 
south of Katangi up to Mandla and a high velocity layer 
(6.7 km/s) between Katangi and Jabalpur at a shallow 
depth of 1-2 km have been reported"^. Seismic profiles 
have also delineated a fault at Katangi and another north 
of Jabalpur with a horst-like structure between them^. 
Regional geological map of Jabalpur area^ is presented 
in Figure 2 which shows a NE-SW lineament (LI) from 
north of Mungwani to north of Matkuli defining the 
northern limit of Gondwana sediment. Another NE-SW 
lineament (L2) is shown north of Sleemnabad defining 
northern limit of Mahakoshal group of rocks and is 
joined to Son lineament towards east. This lineament is 
connected to Narmada river through Katangi fault^ 
which defines the southern limit of Vindhyan sediment 
making it a trans continental Narmada-Son lineament 
(NSL). NSL is a fault/fracture which has been active in 
the geological past and separates the rocks of different 
ages. Vindhyan basin in this section adjoining Katangi 
fault shows considerable disturbances in the form of 
folds and fractures resulting into dome and basin struc¬ 
tures^ at Damoh and Jabera and Murwara-Tejgarh frac¬ 
ture zone^’^. South of Jabalpur, the area is largely 
characterized by Deccan Trap with small exposures of 
Lameta and Bagh beds (Cretaceous) just south of it. 
There are exposed Mahakoshal group of metasediments 
and volcanic rocks (Proterozoic) towards NE and SW of 
Jabalpur (Figure 2) and extend south of Jabalpur with 
high density and high resistivity values^. Besides Ma¬ 
hakoshal paleorift there are exposed Gondwana grabens 
south of NSL known as Satpura basin SE of Hosangabad 
(Figure 2) and S. Rewa graben east of Jabalpur beyond 
the area of the present study. The Narmada-Tapti sec¬ 
tion occupied by this gravity ‘high’ also defines a zone 
of high heat flow^. 


78* 79* 80* 81® ^ 



Figure 2. Geological map of Jabalpur section^’ with two large linea¬ 
ments LI and L2. 

Figure 1 presents the Regional Bouguer anomaly map 
of Narmada-Tapti section which shows the gravity 
‘high’ extending almost from west coast of India up to 
SE of Jabalpur in Central India^ and coincides with 
Satpura Mobile Belt (SMB). It is similar in nature to 
midcontinent gravity ‘high’ of USA^, which represents a 
paleorift of Proterozoic period. The seismic activities in 
this region^ (Figure 1) coincide mainly with the northern 
gradient of the midcontinent gravity ‘high’ which may 
represent a deep seated fault or system of faults. As is 
apparent from Figure 1, its western part along west coast 
of India is much more active due to interaction of 
coastal tectonics where several earthquakes of magni¬ 
tude 4 and above have been reported. Based on the 
gravity gradient, some faults are tentatively drawn in 
Figure 1. The Katangi fault which is located approxi¬ 
mately 30 km north of Jabalpur separates Vindhyan 
rocks to the north from exposed alluvium, Deccan Trap 
and Mahakoshal group of rocks to the south (Figure 2). 
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The Katangi fault also represents the connection be¬ 
tween Narmada and the Son lineaments which together 
forms Narmada-Son lineament (NSL) as discussed 
above. The part of this gravity high south and NE of 
Jabalpur is marked as ‘A’ and in Figure 1 which are 
the best-defined anomalies in the entire zone. Anomaly 
‘B* partly coincides with the exposed Mahakoshal group 
of rocks, suggesting a part of the observed field is due to 
high-density rocks of this group. Part of anomaly ‘A’ 
located south of Jabalpur may likewise represent a sub¬ 
basin of Mahakoshal group of rocks under exposed Dec- 
can Trap. The gravity ‘lows’ SE of Itarsi and east of 
Jabalpur coincide with Gondwana graben. It is a well- 
known fact that rift valleys implying extensional tecton¬ 
ics are associated with large scale magmatism in the 
middle and the lower crust along its axis and shoulders. 
The gravity ‘high’ south of Jabalpur is modelled to be 
caused by high-density rocks in the crust and therefore 
appears to be caused by rift-related magmatism. The 
epicenter of Jabalpur earthquake coincides with the 
northern gradient of this anomaly which may represent a 
paleorift-related fault. This gravity gradient extends 
southwestward and passes through Khandwa (Figure 1) 
where several seismic activities of smaller magnitude 
have been reported during 1993-1996. It may be noted 
that in the epicentral zone of seismic activities at 
Jabalpur, Khandwa and along west coast of India, this 
gravity gradient is intersected by cross trends. 

Figure 3 presents a part of Regional Bouguer ‘high’ 
around Jabalpur^ which shows two prominent gravity 
‘highs’ (HI and H2) and gravity ‘lows’ LI, L2 and L3. 
Gravity lows LI and L2 are occupied by Vindhyan 
sediments and L3 by Gondwana sediments and there¬ 
fore, are mainly caused by them^. Gravity highs HI and 
H2 occur over Mahakoshal group of rocks and the 
Deccan Trap. The bulk density of Mahakoshal group of 



Figure 3. Bouguer anomaly map of Jabalpur section^ with inferred 
faults FI, F2 and F3 based on gravity gradients. 
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Figure 4. Total intensity map of Jabalpur area based on data re¬ 
corded along roads and tracks at a spacing of 2-3 km. A well-defined 
magnetic Tow’ and ‘high’ are characteristic south of Jabalpur. Re¬ 
gional geology is superimposed over it. 

rocks and Deccan Trap may be slightly higher than that 
of the basement (2.7 g/cc) but cannot explain the ob¬ 
served Bouguer anomaly of 25-30 mgal. It is therefore 
apparent that a significant part of gravity highs HI and 
H2 originates from deep crustal levels as suggested 
previously by Mishra\ As the gravity high HI is cov¬ 
ered by Mahakoshal group of rocks and H2 being simi¬ 
lar in nature to HI, it appears to represent the extensions 
of Mahakoshal group of rocks south of Jabalpur under 
Deccan trap. It is also confirmed from conductive nature 
of rocks inferred south of Jabalpur from resistivity 
soundings^. Based on gravity gradient, the lineament LI 
and L2 (Figure 2) appear to be faults and are drawn 
along with their extensions in Figure 3 as FI and F2. 
Faults FI and F2 appear to be joined by another fault F3 
drawn based on similar gravity gradient, and the epicen¬ 
ter of Jabalpur earthquake on 22 May 1997 coincides 
with the junction of fault F2 and F3. 

Figure 4 presents the total intensity map around 
Jabalpur along with the local geology. This map is pre¬ 
pared from measurements on ground along roads and 
tracks at 2-3 km spacing using a proton precession 
magnetometer of 1 gamma accuracy^^. It shows a nicely 
delineated two-dimensional magnetic anomaly of ap¬ 
proximately 800-1000 gamma over the exposed Deccan 
Trap south of Jabalpur. The consistent nature of this 
magnetic anomaly suggests that it does not appear to be 
caused by the exposed trap rocks and it may rather rep- 
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resent the extension of Mahakoshal group of rocks south 
of Jabalpur as inferred above from gravity data which 
are highly magnetic in nature. Its northern margin 
(Figure 3) coincides with the fault south of Jabalpur 
inferred from gravity gradient. This confirms that the 
Mahakoshal basins in this region are fault-controlled 
and may represent paleorift. The airborne total intensity 
map^ referred to above also shows a sharp gradient north 
and south of Jabalpur, suggesting a system of faults as 
indicated by the present magnetic map and Bouguer 
anomaly map discussed above. 

The recent seismic activity of Jabalpur on 22 May 
1997 coincides with a sharp gravity gradient which rep¬ 
resents a deep-seated fault or system of faults. This 
gradient striking ENE-WSW coincides approximately 
with NSL and extends from west coast of India up to 
central India. Several seismic activities of recent past 
such as around Khandwa and west coast of India coin¬ 
cide with it. However, in the epicentral areas of these 
seismic activities, this gradient is intersected by cross 
trends which are quite significant. This gradient is also 
reflected in airborne and ground total intensity maps 
around Jabalpur, confirming it to represent a system of 
faults. Landsat imageries reflect this gravity-magnetic 
gradient as set of lineaments north and south of Jabalpur 
extending SW up to west coast^®’^^ 

This gravity gradient is the northern margin of a grav¬ 
ity ‘high’ which extends from west coast of India up to 
central India and coincides with Satpura Mobile Belt. In 
Jabalpur sector, it is caused by a high-density body at 
mid-crustal level. 

Gravity-magnetic signatures suggest the extension of 
Mahakoshal group of rocks of Early Proterozoic south of 
Jabalpur which were deposited in a Paleo rift. Further S- 
W and east of Jabalpur there are Gondwana grabens 
which also represent an extensional tectonics regime. Rift 
valleys implying extensional tectonics are known to be 
associated with large-scale magmatism along their axis 
and shoulders and therefore, this gravity ‘high’ appears to 
be caused by rift-related magmatism at mid-crustal level. 

The epicenter of Jabalpur earthquake coincides with the 
intersections of two faults related to Mahakoshal paleorift 
in this section. The hypo center of this earthquake coincides 
with the northern margin of the high density body, thereby 
indicating its association with paleorifts. 

Intersections of this gravity gradient with cross trends at 
other places should be examined in detail and monitored for 
future seismic activities. Intersections of structural trends 
are important for seismic activities as was also reported in 
case of Latur earthquake^^. Study of such intersections 
along with neotectonics^^ and seismic activities'"^ will pro¬ 
vide significant information regarding future models. 
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Micropaleontological evidence for 
tectonic uplift of near-shore deposits 
around Bankot-Velas, Ratnagiri 
District, Maharashtra 

C. Rajshekhar* and K. P. N. Kumaran 

Geology and Palaeontology Group, Agharkar Research Institute, 
Agarkar Road, Pune 411 004, India 

The neotectonic activity and the change in sea level 
have contributed to the present configuration of the 
Velas coast. This is evident by the elevated lignitic 
beds all along the west coast in general and at Velas 
in particular. At Velas, the lignite bed occurs about 
100 m MSL and is dated >40000 years BP which is 
comparable to the Warkalli beds and therefore, ap¬ 
pears to be contemporaneous with the other lignite 
beds reported so far from the west coast of India. 
The lignite bed at Velas is studied for its microfossil 
contents. The foraminiferal assemblage is cosmopoli¬ 
tan and shows the dominance of agglutinated fo- 
raminifera mainly represented by the species of 
Trochamminaj Jadammina and Haplophragmoides 
characterizing the marsh environment. The palyno- 
flora is also indicative of a near-shore environment 
and as such it supplements the foraminiferal data. 

The occurrence of the elevated lignitic beds (Warakalli 
beds and Sindhudurg Formation) is not uncommon 
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Figure 1. Map showing the study area and sampling locality at Velas. 


along the west coast of India*"^. In Maharashtra, besides 
Ratnagiri, the lignitic beds have also been noticed at 
Guhagar, Jaygad, Pawns, Parchuri and Bankot-Velas 
localities. At all these places the lignitic beds occur ei¬ 
ther in well sections or in freshly excavated sections that 
are capped by immature laterites"^. These beds are nearly 
horizontal and are invariably associated with carbona¬ 
ceous clay. This clay has yielded pieces of resin and 
concretions of marcasite. The study area (Figure 1) is 
located in Velas village and is about 36 km east of 
Mandangarh. The details of hillock section has been 
shown in the lithologic column (Figure 2). The aim of 
this communication is to examine the fauna and flora of 
the carbonaceous clay and to infer the environment of 
deposition and further, to explore any possibility for 
correlation with other known lignitic beds of the west 
coast and their implications on the tectonic framework 
of the Konkan coast. 

The carbonaceous clay was studied for its fauna and 
flora. The recovery of foraminifera is made using com¬ 
mon and conventional H 2 O 2 method. The tests are well 
preserved and pyritized. The diversity and the frequency 
of foraminifera are low. Planktonic foraminifera and 
calcareous benthic foraminifera are scarce. The latter 
one is represented by only one species of Cribroelphid- 
ium. The faunal assemblage is dominated by aggluti¬ 
nated ones and mostly represented by the species of 
Miliammina, Jadammina, Trochammina, Arenoporella 
and Haplophragmoides. The Trochammina is the most 
dominant genus and is represented by Trochammina 
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Figure 2. Lithocolumn of hillock section, Velas. 


inflata followed by Jadammina macrascens (Figures 
3 a, b and e). 

The fauna in general survived in a reducing environ¬ 
ment with comparatively low pH condition. The gen¬ 
era/species mentioned above, are indicative of marshy 
environment^"^. Murray^ has divided the marsh fo- 
raminiferal fauna into three groups, viz. cosmopolitan 
species, species confined to hyposaline marsh and spe¬ 
cies confined to hypersaline marsh. In view of very low 
frequency of calcareous benthics, the fauna from the 
carbonaceous clay belongs to the first category and is 
cosmopolitan. Thus, the examined fauna of the carbona¬ 
ceous clay suggests low salinity, low pH and reducing 
conditions of deposition. As compared to the Ratnagiri 
lignitic beds of estuarine, warm and humid deposition of 
environment®’^, the foraminiferal assemblage of the 
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Figure 3. SEM illustrations, a, Jadammina macrascens G/MF/942; b and e, Trochammina inflata G/MF/943-44; c, Trochammina sp. 
G/MF/945; d, Cribroelphidium sp. G/MF/946;/, Haplophragmoides sp. G/MF/947. Note: All the illustrated specimens are lodged in 
the repository of Geology and Palaeontology Section, Agharkar Research Institute, Pune. 


Velas carbonaceous clay indicates a marshy environ¬ 
ment. 

The palynological assemblage obtained from the car¬ 
bonaceous clays is also indicative of a high organic in¬ 
put near-shore reducing environment and as such it 
supplements the foraminiferal data. The significant ele¬ 
ments of palynoflora are Spinizonocolpites {Nypa palm), 
Quilonipollenites {Eugeissona palm), Marginipollis 
(Barringtonia type) pollen, Heliospermopsis (salt glands 
of mangrove/halophyte), Striatriletes, Lygodiumsporites 
(swampy Pteridophytic spores), Polyadopollenites and 
Tricollareiporites. Besides, particulate organic materials 
(Palynodebris) of foraminiferal linings, scolecodonts, 
cuticles, organic spherules, seeds, tracheids, fungal 
spores and fruiting bodies of microthyriaceous epiphyl- 
lous fungi have been identified from the carbonaceous 
clay deposits. The presence of salt glands signifies that 
the palynoflora has affinity with the mangrove 
swamp/coastal vegetation. In fact, the palynofloral as- 
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semblage appears to be contemporaneous of ‘Warkalli 
Beds’ of Kerala Coast as they were deposited in a near¬ 
shore environment and their floristic composition is 
comparable. As the above palynoflora yielded from the 
deposits that occur at about 100 m MSL and much in¬ 
land, the presence of carbonaceous facies is significant 
from the tectonic point of view. In fact, any evidence of 
near-shore vegetation much higher up in the altitude has 
to be viewed in a proper perspective in tectonic his- 
tory^^. 

Based on the radio carbon dating, the carbonaceous 
wood fragment of Velas is assigned to >40000 years BP 
and it corresponds to that of Warakalli lignite beds. The 
geology of the Warkalli beds was dealt in detail by Pas- 
coe^ who noticed that this formation predominantly 
consists of sandstone and variegated clay with lignite 
intercalations and is overlain by a thick pile of lateritic 
sediments. Besides, he commented that the Ratnagiri 
beds on the west coast too consist of variegated clay and 
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coal seams and therefore, very much correlatable with 
the Warkalli beds. Rao^^ while assigning the age of the 
Warkalli beds has taken the analogy of the Warkalli 
beds with Cuddalore Formation, the underlying Miocene 
(Burdigalian) Quilon Limestone and carbon date of 
wood (>45,000 years) and bivalve shell material (about 
6295 ± 115 years) into consideration. He further corre¬ 
lated the age of the lignitic bed (>45,000 years) with the 
approximate age of the Third Interglacial stage (approx, 
between 55,000 and 100,000 years) of the Present 
Pleistocene Glacial stage. The Third Interglacial stage is 
equivalent to the Sangamon Integlacial age of North 
America. 

Considering the above, it appears that the reported 
lignitic bed/carbonaceous clay of the Velas is the north¬ 
ernmost extension of lignitic beds of Warakalli and Rat- 
nagiri beds reported so far from the west coast of India. 
These elevated lignite beds have been attributed to the 
neotectonic activity that occurred most probably during 
Pliocene/Pleistocene^^”^^. 

The present configuration of the coast of the Ma¬ 
harashtra is attributed to a number of oscillatory move¬ 
ments that have been experienced on the western 
continental margin since the inception of the Indian 
ocean in Late Mesozoic^'^’"^^ followed by subsequent 
tectonic events^’’^^ It may be suggested here that the 
reported deposits of Velas are intimately associated with 
the neotectonic event that caused the upliftment. Moreo¬ 
ver, at Velas, the marine erosional features such as sea 
caves and box work have been noticed at 4 and 10 m 
MSL. These features seem to be directly related to the 
fluctuation of the sea level. Thus, considering the eleva¬ 
tion of the lignitic beds representing the relics of near¬ 
shore fauna and flora and the marine erosional features, 


the present configuration of the Bankhot-Velas coast is 
not only the result of tectonics but is also due to the ef¬ 
fect of sea level fluctuations. 


1. Pascoe, E. H., A Manual of the Geology of India and Burma, 
Government of India Press, New Delhi, 1964, pp. 1906-1907. 

2. Wilkinson, C. J., Rec. Geol. Surv. India, 1871, 4, 44-47. 

3. Saxena, R. K., Geophytology, 1995, 24, 229-232. 

4. Sahasrabudhe, Y. S., Proceedings of the Seminar for ONGC 
Officers, Nowrosjee Wadia College, Pune, 1989, pp. 1-23. 

5. Walton, W. R., J. PaleontoL, 1955, 29, 952-1018. 

6. Phleger, F. B., Limnol. Oceanogr., 1965, 10, 169-184. 

7. Murray, J. W., Distribution and Ecology of Living Benthic Fo~ 
raminifera, Heinemann Educational Books Limited, London 
1973. 

8. Kulkarni, A. R. and Phadtare, N. R., Geophytology, 1980 10 
125-128. 

9. Phadtare, N. R. and Kulkarni, A. R., Geophytology, 1980 10 

158-170. ' ’ 

10. Kumaran, K. P. N., Soman, K., Kamble, C. V. and Joseph, A. 
Curr. ScL, 1995, 1023-1027. 

11. Rao, Prabhakar, G., Bull. Natl. Inst. ScL India, 1968 38 447- 
448. 

12. Rajguru, S. N. and Marathe, A. R., Proceedings of the Sympo¬ 
sium in Quaternary Episodes, Department of Geology, M. S. 
University, Baroda, 1985, pp. 1-6. 

13. Powar, K. B., Cwrr. Sci., 1993, 64, 793-796. 

14. Ahmad, F., Bull. Natl. Inst. Sci. India, 1968, 38, 363-375. 

15. Krishnan, M. S., Bull. Natl Inst. Sci. India, 1968, 38, 398-404. 

16. Pandey, J., Bull. ONGC, 1986, 23, 1-44. 


ACKNOWLEDGEMENTS. We thank SERC, DST for financial 
assistance provided through a sponsored project (ESS/CA/A3-05/91) 
and Dr R. M. Badve for help rendered while doing the field work. 
We are also grateful to Dr G. Rajagopalan of the Birbal Sahni Insti¬ 
tute of Palaeobotany, Lucknow for providing the *"^0 data of carbon¬ 
ized woods. 

Received 27 June 1997; revised accepted 19 January 1998 


708 


CURRENT SCIENCE, VOL. 74, NO. 8, 25 APRIL 1998 


BOOK REVIEWS 


A Carnival for Science: Essays on 
Science, Technology and Develop¬ 
ment. Shiv Visvanathan. Oxford Uni¬ 
versity Press, 66, Janpath, New Delhi 
110 001. 1997. 249 pp. Rs 395. 

Suppose, imaginary reader, you picked 
up this collection of essays on science, 
technology and development and started 
by reading the last two essays. You 
could, with adequate reason, conclude 
that these were the Collected Short Sto¬ 
ries of Shiv Visvanathan (hereafter SV) 
and other short stories. Furthermore, if 
as a sensitive scientist, you weren’t irri¬ 
tated and enraged, you would be con¬ 
firming the point SV is trying to make. 
And if your response was dismissive- 
this is the work of another of those so¬ 
ciologists who doesn’t understand sci¬ 
ence,’ “ you would still be confirming 
SV’s reconstruction of the ethic, or the 
lack of it, of science. Such is the rhe¬ 
torical cunning of the book. Anyway, 
which way, but lose. There are three 
ways, amongst others, of reading this 
book: as gospel, by those predisposed to 
the romantic critique of science; as 
blasphemy, by those predisposed to an 
unqualified acceptance of both progress 
and positivist science - 

both of which would impute much more 
than the author himself does to his 
work; or with a notion of ‘playfulness’ 
that SV employs in shadow boxing with 
a hegemonic science. In doing so, you 
could engage with some of the very 
urgent issues that his book attempts to 
raise, and SV does so as a critical 
scholar, without being swept away by 
his proposals or his rhetoric. We 
haven’t hopefully forgotten the ideal 
of the scientific temper, of critical ra¬ 
tionalism a la Popper, of science being 
able to reflexively respond to its critics 
without being erased off the map of 
history. 

This book is a collection of essays 
that initially began appearing in the 
1980s in journals read largely by pro¬ 
fessionals in development studies, so¬ 
ciology of science and the like. These 
essays bear the political impress of the 
period in which they were first pub¬ 
lished: be it the disenchantment with 
modernity, the Bhopal Gas tragedy of 
1984, the ecological movement, the 
struggle relating to intellectual property 
rights and GATT conditionalities, the 
biodiversity convention and the Rio 


conference, issues relating to gene pat¬ 
enting, the Mandal agitation, the rise of 
Hindutva, the cold war, the star wars 
program. But they do not figure in the 
volume in the sequence in which they 
were first published. I remember, first 
listening to an earlier version of the 
Annals of the Laboratory State as far 
back as 1985. SV appears to have trav¬ 
ersed some distance from there to the 
object called ‘science’ he addresses in 
‘House of Bamboo’, and ‘Reinventing 
Gandhi’. The reasons for this shift could 
well be ascribed in conventional manner 
to external factors and the inevitable 
march of history. For example, with the 
end of the Cold War, socialism isn’t 
denounced as frequently by this neo- 
Gandhian as it was during the years of 
the Cold War; though SV cannot resist 
having a pot-shot for those still predis¬ 
posed towards socialist politics. Politi¬ 
cal disagreements apart, SV presumes 
the existence of institutional and cogni¬ 
tive bonds between the realm of politics 
and that of the sciences, but the 
nature of these is not always made ex¬ 
plicit. 

If Vannevar Bush’s Science the End¬ 
less Frontier epitomized the optimism 
of science in the post World War II 
years and its vision was to be translated 
into science policy instruments incorpo¬ 
rated in the development programs of 
modern nation states, the pendulum 
began to swing the other way in the 
1970s, By this time the idea of devel¬ 
opment and a frame of industrialization 
that had delivered, but not in the man¬ 
ner envisaged, came in for questioning. 
At the same time, within science stud¬ 
ies, the old vision of science as entity 
that was culturally transcendent, value 
free and neutral began to come undone. 
There isn’t enough space to map a ge¬ 
nealogy for the diversity of concerns 
and frameworks of sociologists of sci¬ 
ence in India in a brief review. How¬ 
ever, it is within the critique of 
modernity and development that SV’s 
book must be located. This critique of 
modernity, the modern nation state and 
development is then extended to modern 
science, conceived as the most resolute 
source of legitimacy in contemporary 
society. 

It would be an interesting exercise to 
read the essays in The Carnival for Sci¬ 
ence along lines similar to those 
adopted by SV in rereading the five 


poignant books of the Austrian journal¬ 
ist, Robert Jungk as he trails the trajec¬ 
tory towards The Atom Staat. In fact, 
the essay on ‘Atomic Physics: the 
Career of an Imagination’ is amongst 
the most meticulously argued of the 
essays in the volume. SV highlights four 
strategies identified by Jungk ‘to com¬ 
bat the hegemony of the atom staat’. It 
can be argued that each of these strate¬ 
gies emerges as a framework for one of 
the essays appearing in the volume: (1) 
adopting dissenting scientists as prison¬ 
ers of conscience: Vavilov, the theoso- 
phists’ critique of modern medicine, 
Geddes, Srinivasamurthi, Seshadri, (2) 
of a creative science deconstructing the 
hegemony of the modern state: annals of 
the laboratory state, the house of 
bamboo, (3) every man must become his 
own scientist: Gandhi, (4) scientists 
must come together in the search 
for alternatives: the house of bamboo. 
However, each of these themes and 
concerns recur and resurface in most 
of the essays. They are thus the outcome 
of a research program that explores an 
alternate ethic for the sciences and 
are founded on the premise that con¬ 
temporary science replicates the vio¬ 
lence implicit in the program of 
modernity and modernization. But we 
might ask, as to why this search for'^an 
alternate ethic, in each of the essays, 
leads the author back to the numinous, 
or some divine cosmos. Is the realm of 
the divine the primal source of an ethic 
for contemporary society? 

There are nevertheless differences 
between the earlier essays and the later 
ones, both in the form of argumentation 
and the problematization of the science- 
society relationship. The paper on 
atomic physics and the one on the an¬ 
nals of the laboratory state presents a 
civilizational critique of modern sci¬ 
ence, as the incubus of the hegemonic 
west. In the critique of science that SV 
proposes, the diversity of scientific 
practices is reduced to science consid¬ 
ered as a vivisectional enterprise, and 
seeks to disentangle an alternate geneal¬ 
ogy from two notorious adherents of 
anti-vivisectionism: the two Adolfs, 
Eichmann and Hitler. If anti- 
vivisectionism is to be the Holy Grail of 
the alternate conception of science, then 
these renowned tyrants must be trans¬ 
ferred to another register: the allegedly 
bureaucratic indifference of the scien- 
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tism. Furthermore, even in terms of 
argumentation, vivid, seductive analo¬ 
gies and similes are ostentatiously of¬ 
fered as convincing explanations. The 
potency of the analogies seeks to neu¬ 
tralize any possible rebuttal by contrary 
historical evidence. Consequently, we 
are to suppose that the counter¬ 
claims made by the author are 
themselves self-evident: a very conven¬ 
tional historian of science colleague 
referred to this form of presentation as 
premised on the ‘use of the affirmative 
assertion’. In fact, we have here a key 
disagreement between what traditional 
historians of ideas consider an adequate 
account, that is at variance with some of 
those adopting a sociological approach 
to history. Experts will continue to pas¬ 
sionately disagree with this form of 
argumentation, and not without reason. 

However, for those predisposed to the 
critique of modernity, SV’s argument 
would present itself as apodeictic. The 
malediction is less fervent in the later 
articles, where SV attempts to grapple 
with how an ecological science could be 
assembled as distinct from the science 
of ecology, of the different senses of the 
diversity of nature and the destruction 
of this diversity. The purport is to re¬ 
store alternate theorizations about na¬ 
ture and bring them into the realm of the 
engagement of scientists. This requires 
reckoning with the ‘nitty gritty’ of sci¬ 
ence. And that requires a critical and 
disciplinary engagement of a different 
order, which is what makes the essay on 
Vavilov particularly interesting. 

As pointed out earlier, contemporary 
political events and scientific contro¬ 
versies of the last three decades are re¬ 
flected in each of the essays: it would 
not be extending a point too far in sug¬ 
gesting that some of these events pro¬ 
moted these very essays. The stamp of 
the last two decades is evident. New 
directions in the social studies of sci¬ 
ence in India were generated by grass 
roots movements during the 1970s and 
1980s. Those who either participated or 
led these movements were ‘India’s dis¬ 
senting academics of the eighties and 
nineties’, who had figured out that the 
politics of knowledge were linked with 
democratic politics. SV traces his ge¬ 
nealogy to those dissenting academics 
who felt that ‘India was a theater for a 
critique of the West’. This critique 
counterposes the West’s expert knowl¬ 


edge to Indian folk wisdom, but not the 
West’s (however the West maybe con¬ 
structed) folk wisdom to the Indian high 
church traditions. 

The reader is left to navigate between 
two myths: the one produced by scien¬ 
tists believing in value transcendent and 
neutral science that exculpates scientists 
of any responsibility of the know¬ 
ledge produced. The other is of scien¬ 
tific autonomy, wherein there is 
‘allegedly’ an autonomous logic of 
science that is working towards the 
ineluctable goal of removing man from 
his sacred place in nature. In prob- 
lematizing science within the critique of 
development SV conceives science as 
transcendent and thus philosophically, 
and hence it appears more demonic than 
it actually is; but when heicomes down 
to specifying alternative schemes or 
ethics for science, his reading becomes 
more social determinist: social forces 
and interests embodied in other concep¬ 
tual frameworks come to the fore. 

This ambivalence makes it difficult to 
label this work as one in anti-science. 
For SV appears to suggest that science 
is not an independent, unique, truth¬ 
making strategy. In that sense, this is 
possibly a work in reformist critique, 
and as Julia Loughlin and Sal Restivo 
write, reformist critique seeks to amend 
the social grounds which produce error 
and lacunae in knowledge, but do not 
challenge the grounds for ‘truth making’ 
itself. The book is not written for a 
popular audience, although the style is 
quite literary, but for professional social 
scientists, though there is much in it for 
the student of the history of sciences. 
The readership of this journal would 
possibly find this book exasperating, its 
value nevertheless resides in the issues 
and questions posed. This would require 
engaging with the nested concerns of 
civilizations, knowledge(s) and ethics. 
The encounter between different knowl¬ 
edge systems founded on different ethi¬ 
cal and epistemic precepts might 
actually produce a carnival for science, 
a carnival that this self-professed sci¬ 
ence basher would, I suspect, secretly 
welcome. 

Dhruv Raima 

National Institute of Science, 

Technology and Development Studies, 

New Delhi 110 012, India. 


Flying Buttresses, Entropy and 
0-Rings, The World of an Engineer. 
James L. Adams. Universities Press, 3- 
5-819 Hyderguda, Hyderabad 500 029, 
India. 1997. 264 pp. P rice: Rs 190. 

There is a certain paradoxical nature to 
how engineering and engineers are per¬ 
ceived in society. On the one hand most 
people are interested in and impressed 
by the glamorous end products of suc¬ 
cessful engineering: the Space Shuttle, 
the Voyager spacecraft, the Web, the 
latest Ferrari, etc. They are even inter¬ 
ested in and horrified by glaring engi¬ 
neering failures like the Challenger and 
Chernobyl. But when it comes to engi¬ 
neers and engineering as a profession.., 
well, doesn’t one get the impression that 
most people consider them somewhat 
uninteresting? James L. Adams, the 
author of the book under review men¬ 
tions that his wife responded to his first 
draft with ‘The writing is OK, but I 
don’t want to know about engineering’. 
As an engineer, I can think of a number 
of reasons for this situation. Most engi¬ 
neering work does involve, as does most 
scientific work, a lot of routine, uninter¬ 
esting and hard but necessary work. 
Secondly, the nature of the enterprise is 
such that usually it involves team work 
and incremental improvements rather 
than spectacular invention. And thirdly, 
perhaps because caution and meticu¬ 
lousness are so essential to the profes¬ 
sion, engineers are generally not very 
articulate about their work and are con¬ 
servative in their behaviour. So there is 
an image problem. The book by James 
Adams, subtitled The World of an Engi¬ 
neer, attempts, rather successfully, in 
my opinion, to explain to a lay audience 
what makes engineers tick and what 
makes engineering such an exciting, 
important and diverse endeavour. 

One of the merits of the book is its 
wide scope. The fact is that many fac¬ 
tors come to bear on engineering as a 
discipline. A layman would imagine 
innovative engineering design to be the 
main concern and he would be partially 
right. But what the book shows is that 
development, testing, research, manu¬ 
facture and assembly, and economics 
and management, all play important 
roles. More recently, Adams shows, 
with examples, that environmental 
safety and regulatory issues have begun 
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to increasingly bear on the engineering 
enterprise. Take, for example, manufac¬ 
ture and assembly, one of the less glam¬ 
orous areas. In 1798, the US 
Government gave a great boost to the 
cause of standardization and manufac¬ 
ture employing interchangeable parts, 
by giving a contract to Eli Whitney for 
the manufacture of 10,000 muskets. But 
after World War II, especially towards 
the seventies, the US found itself 
struggling to compete with the resurgent 
nations of Europe and Japan with their 
modern plants and high motivation. This 
was mainly because of overconfidence 
and complacency with regard to manu¬ 
facturing and assembly. The book is 
very strong in clearly bringing out the 
complex and interdisciplinary nature of 
the field. 

There are many examples, stories and 
anecdotes, some from the author’s own 
career and practice, used to illustrate the 
multifacetedness of engineering prac¬ 
tice. The title stories deal with the evo¬ 
lution of the graceful supports used in 
medieval cathedrals, the development of 
the steam .engine and the well known 
problem that caused the catastrophic 
failure of the Space Shuttle Challenger. 
Here let me just mention a few that I 
found very interesting. Take the devel¬ 
opment of CT scanners, a case of classic 
applied science. Although the Radon 
transform had already been developed, 
the physicist Allan Cormack essentially 
rediscovered it and, more importantly, 
showed, around 1957, how it could be 
used with a practical machine to get 
images orders of magnitude better than 
those that could be obtained with con¬ 
ventional X-rays. Although he pub¬ 
lished his work there was little interest 
in it, even among the medical profes¬ 
sion. This work was rediscovered and 
further developed around 1967 by G. 
Hounsfield, who had the advantage of 
the backing of a large corporation, EMI 
Limited. Primarily because the social 
and economic environment were now 
conducive, EMI was able to translate 
the invention into a marketable product 
and actually make money on the device. 
And as usually happens in such circum¬ 
stances where large sums of money are 
to be made, competition arose very 
soon, and EMI ultimately lost the busi¬ 
ness to General Electric, mainly because 
GE had a huge marketing force and 
much bigger resources. An instructive 


story; as an aside, Cormack and Houns¬ 
field won the 1979 Nobel Prize for 
Medicine. 

Or take the problem of how to teach 
design to non-engineering and non- 
science students, something I would 
have thought not possible. Normally, 
the design course even for engineers is 
one of the most problematic ones since 
design involves very much more than 
analysis and is in that sense ‘soft’. 
Amazingly, Adams is able to suffi¬ 
ciently instruct and motivate his stu¬ 
dents that as their project he is able to 
set them the task of designing and ac¬ 
tually building a small electrical vehi¬ 
cle. And the students are successful, 
since there is a photograph of their 
working vehicle! Or take the case of 
Adams’ uncle, a machinist by profession 
with little technical education, who rose 
to be a foreman and then a general man¬ 
ager. Being an extremely good machin¬ 
ist with a taste for fine machinery, on 
retirement he spent his time designing 
and building sophisticated specialty 
equipment in his garage. An automatic 
high speed machine to make small 
lemon pies and a working steam engine 
with a piston approximately the size of a 
grain of rice are examples of his ouvre. 
These are the stories that remind us how 
great a country the US is, not its ability 
and taste for bullying other countries. If 
we are to be more productive as a na¬ 
tion, we need to create environments in 
our schools, universities and work 
places where the talents of individuals, 
irrespective of their nominal qualifica¬ 
tions, will be recognized and allowed to 
blossom. 

The book is not without weaknesses. I 
did not enjoy Adams’ discussion of the 
history of technology. The book is 
written for an American audience and so 
it is, naturally, Eurocentric; there is 
little mention of technology prior to AD 
1600 and Asian contributions are hardly 
mentioned. And the author’s style cer¬ 
tainly doesn’t compare with that of, say, 
D. D. Kosambi. But these are small 
matters. The writing is clear and simple 
and so the book is eminently readable. 
A great merit is that it can be enjoyably 
read by anyone with little or no techni¬ 
cal background. No doubt the book 
should be in the libraries of all colleges 
of science and engineering and should 
be read by those who administer such 
colleges and those who teach engineer¬ 


ing and engineering design. But I’d go 
further; engineering is a part of our 
twentieth century culture and so it 
should be read by all cultured people. 

P. N. Shankar 

Computational and Theoretical Fluid 
Dynamics Division, 

National Aerospace Laboratories, 
Bangalore 560 017, India 


Science Matters: The Principles of 
Science Simply Explained. Robert M. 
Hazen and James Trefil. Universities 
Press, 3-5-820, Hyderguda, Hyderabad 
500 029, India. 1996. xix-i-294. pp. 
Price. Rs 135, 


Imagine trying to convince a young 
person, brought up on a diet of MTV 
and ESPN that science matters. The 
most successful people of the turn of 
this century (among them, notably, Ma¬ 
donna, the many Michaels - Jackson 
(MTV), Jordan (ESPN) and Johnson 
(ESPN)) did not need science in a per¬ 
sonally enabling way to get there. Yet it 
is science, and technology, that delivers 
them to the living room, in a global 
village, amplifying and distorting them 
in proportions grotesque to their relative 
abilities to improve the physical quality 
of life. The Whittles and von Chains are 
so easily forgotten. 

This book is a sincere attempt to con¬ 
vey the principles of science to the 
MTV generations - from teenagers to 
baby-boomers alike - in a simple and 
sometimes simplistic way, always 
avoiding subtlety. Madonna fans should 
have no difficulty in following the 
thread of presentation here. 

From absolute zero (p. 28) to the Z 
particle (p. 126, 128), lucid and com¬ 
pressed, almost telegraphic, explana¬ 
tions are offered, with the underlying 
scientific principles shown to be simple, 
but of crucial importance, both for uni¬ 
fying the understanding of the universe 
and for the making of the modern world, 
through technology. 

The book is divided into 18 chapters, 
with the introductory chapter outlining 
the epistemological confidence that the 
universe might be complex, but is 
regular and based on simple principles 
which are knowable thereby making it 
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predictable. This deterministic view is 
upheld throughout, with only minor 
concessions to the notion of chaos, but 
little made regarding complexity, self¬ 
organization, and so on. The epilogue 
closes the book on the optimistic note 
that science ‘gives us a means to predict 
the consequences of our actions and 
perhaps, with wisdom, to save us from 
ourselves’. 

The universal laws and organizing 
principles governing matter, energy, 
forces and motion are presented clearly. 
Matter in every form, from the atom and 
its sub-atomic constituents to the galac¬ 
tic dust is discussed along with the new¬ 
fangled forms of engineered materials. 
The four fundamental forces and fields 
are linked to the mechanism of the uni¬ 
verse. The various conservation laws are 
stated clearly. Two chapters describe the 
restless earth and the various oceanic 
and atmospheric cycles. Four chapters 
unravel the miracle of life; the operating 
principles of natural selection and the 
transmission through genetic codes and 
the ladder-like connection from the fun¬ 
damental molecular units to the ecosys¬ 
tem of the biosphere are nicely brought 
out. 

No book, written on the ‘What you 
need to know and where to find it’ for¬ 


mula can be complete without a discus¬ 
sion on any of the following issues: acid 
rain, genetic engineering, green house 
effect, mass extinctions, ozone deple¬ 
tion and the ozone hole. The scientific 
components behind these issues are 
treated in a balanced and responsible 
way. The Law of Unintended Consen- 
quences is neatly brought out here: that 
in complex systems (eco as well as so¬ 
cio-economic), it is not possible to 
predict what the consequences of any 
change will be - small changes can 
have devastating effects while huge 
changes can leave the system largely 
unruffled. 

As an aerospace structural engineer 
who has found that extremal-action 
principles play a defining role in the 
development of his discipline, I noticed 
its omission immediately. No effort was 
made to demonstrate that the underlying 
laws of the physical world are governed 
by a preference for economy which can 
be summed up by extremization or op¬ 
timum principles. Perhaps, it was felt 
that one need not know these principles 
at this elementary expository level. 

A very useful bibliography recom¬ 
mending additional reading material is 
organized chapter-wise and appears at 
the back of the book. 


A compelling case is made out that 
science really does matter because of 
the way it has altered our daily lives. A 
cynic may add, lifting us from pain, 
drudgery and boredom but giving us a 
lot of things we don’t need to buy and 
offering persuasive dream merchants the 
reach through the miracle media (print 
and electronic) to make us spend money 
we have not got - virtual dreams and 
virtual reality. Such is the trap that Soc¬ 
rates, Buddha and Gandhi warned us 
about. 

Hazen and Trefil’s book is informa¬ 
tive, written in a very accessible way 
and draws many commonplace analogies 
and metaphors. Both have had excellent 
track records as scientists doing original 
research as well as being outstanding 
communicators of popular science. The 
Universities Press Edition of this book, 
which was issued originally in 1991, at 
a very affordable prize is a must for 
every home and every school and col¬ 
lege library. 


Gangan Prathap 


National Aerospace Laboratories, 
Bangalore 560 017, India 


BHARATHIDASAN UNIVERSITY 

TIRUCHIRAPPALLI 620 024 

Applications are invited for the award of two Senior Research Fellowships to work in the 
indian Council of Agriculturai Research (ICAR)-sponsored project ‘Rat pheromonal identifica¬ 
tion and its involvement in masking bait shyness: A novel approach in rodent pest manage¬ 
ment' under the supervision of Dr. G. Archunan at the Department of Animal Science, 
Bharathidasan University, Tiruchirappalii 620 024, Tamil Nadu. The fellowships are tenable for 
a period of three years. 

Minimum qualifications: First Class M Sc degree in Zoology/Biochemistry with two years re¬ 
search experience in pheromones and behaviour/rodent pest management. 

Applications on plain paper with necessary bio-data and reference letters should reach Dr G. 
Archunan at the above address within 10 days of this advertisement 
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Ocean Science and Technology Cell (OSTC) 

for 

Marine Coastal Ecology 

Government of India 

Department of Ocean Development 

Bhavnagar University, Bhavnagar 364 002, Gujarat and 
Berhampur University, Berhampur 760 007, Orissa 

Call for Research Proposals 

Research proposals are invited for consideration of OSTC for West Coast (at Bhavnagar) and East 
Coast (at Berhampur) on the following thrust areas; 

i Biodiversity of coastal ecosystem 

ii. Plankton ecology and productivity 

iii. Coastal pollution 

iv. Environmental impacts of coastal aquaculture 

V. Coastal microbial ecology 

vi. Socio economic aspects of coastal ecosystems. 

Proposals from Research Institutes and Universities located on the West Coast have to be sent to 
Dr. H. C. Dube, Research Coordinator, Ocean Science and Technology Cell, Department of Life 
Sciences, Bhavnagar University, Bhavnagar 364 002, and those from East Coast institutions to 
Dr. B. K. Sahu, Research Coordinator, East Coast, Department of Marine Science, Berhampur 
University, Berhampur 760 007. 

The write up of the proposals, in five pages, should include: (a) Introduction, (b) Objectives, (c) 
Methodology, (d) Brief biodata, (e) Budget - Manpower, Contingencies and Equipments. 

The proposals have to reach the respective Research Coordinators within a month from the date of the 
publication of this announcement. 

B. K. Sahu 
H. C. Dube 


B. M. BIRLA SCIENCE PRIZES 

The B. M. Birla Science Centre, Hyderabad, requests Heads of recognized Research Institutes and 
Universities for nominations for the B.M. Birla Science Prize in Mathematics, Physics, Biology and 
Chemistry for the year 1997. 

The Prizes in each of the above subjects are for outstanding original contributions in the concerned field 
by young Indian scientists resident of India who are not more than 40 years of age on 31 December 
1997. 

All nominations should be sent in triplicate, including a full list of publications and up to five of the best 
papers as also the specific work for nomination, curriculum vitae and the formal nomination itself. These 
nominations should reach: 

Dr. B. G. Sidharth 
Director 

B.M. Birla Science Centre, Adarsh Nagar, Hyderabad 500 063. 

before 15 August 1998. 
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INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE 

JADAVPUR, CALCUTTA 700 032 

IACS/ADVT/P/1/98 16 March 1998 

lACS is looking for creative scientists for appointment to the following posts: 

1. Lecturer in Material Science Department - One post (reserved for ST). 

2. Reader in Theoretical Physics Department. 

The candidates for the above should have good academic record and be 
capable of initiating and guiding research in the frontier areas of Materials 
Science/Condensed Matter Physics and Theoretical Physics. 

Scale of Pay: Rs 8000-275-13,500/- and Rs 12,000-375-18,000/- for Lecturer 
and Reader respectively plus all other allowances admissible to the Government 
of India employees stationed at Calcutta. The total emoluments at the initial of 
the Scale will be Rs 11,340/- and Rs 16,460/- for Lecturer and Reader 
respectively. The starting basic will be commensurate with the candidate’s 
qualifications and experience. The scales are likely to be revised. 

Applicants are requested to send their bio-data, list of publications, names of 
referees, expected minimum salary, etc. (six copies each) to the Registrar, 
Indian Association for the Cultivation of Science, Jadavpur, Calcutta 700 032 
within 5 June 1998. Permission of the present employees of the applicants, 
wherever necessary, should be furnished. Appointment may not be confined to 
applicants only. 


(P. G. Ghosh) 
Registrar 
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INTER UNIVERSITY CONSORTIUM for DAE FACILITIES, INDORE 

(lUC-DAEF) 

ANNOUNCEMENT OF RESEARCH POSITIONS AT INDORE AND MUMBAI CENTRES 

lUC-DAEF is an autonomous institution established by the UGC, New Delhi with headquarters at Indore 
and Centres at Indore, Mumbai and Calcutta. The Indore Centre is devoted to research in different 
aspects of synchrotron-based science and low temperature condensed matter physics, while Mumbai 
centre co-ordinates the neutron based research activities of university scientists at Dhruva Reactor, 
Bhabha Atomic Research Centre, Mumbai. lUC-DAEF is an active Research Institution involved in 
collaborative research programmes with DAE Institutions and Universities besides its own work and it 
also has an extensive visiting programme for academics from different institutions. 


A number of JUNIOR RESEARCH FELLOWSHIPS (JRF) as well as a few 
SENIOR RESEARCH FELLOWSHIPS (SRF) and positions of RESEARCH 
ASSOCIATE (RA) are available to work on the various programmes. The 
fellowship amounts are presently as under: the rates are expected to be 
revised soon. 

Junior Research Fellowship Rs 2500 + HRA p.m. 

Senior Research Fellowship Rs 2800 + HRA p.m. 

Research Associate Rs 3300-3800 + HRA p.m. 

(depending upon qualification and experience) 

A restricted number of seats are available at the hostel. 

Essential Qualification for all these positions is a good M Sc degree in Physics 
from any recognized University/Institution. Persons appearing for M Sc (Phy.) 
final examination in the current academic year can also apply for JRF. In 
addition for a JRF the candidate must have passed the UGC-CSIR National 
Test and for an SRF a minimum two years research experience is essential. 
For the position of RA, the candidate must have completed his/her doctorate 
work or have comparable research experience supported by published work. 
RAs will be expected to work on on-going projects such as studies under high 
magnetic fields and low temperatures, soft X-ray spectroscopy, cryogen free 
superconducting magnets, etc. 

The positions are purely temporary. 

In exceptional circumstances, a scholarship may be offered to a candidate 
without having cleared the UGC-CSIR National Test at a reduced rate of Rs 
1800/- +HRA per month subject to the condition that the candidate passes the 
said test within one year. 


Interested persons should apply on plain paper giving the following information: 

Name, date and place of birth, address for communication, academic qualifications (enclose copies of 
marks sheet for matriculation, B Sc and M Sc levels), whether passed UGC-CSIR Test and research 
experience, if any. The application for RA should also include a list of publications, copies of important 
reprints and names and addresses of two academic persons to whom reference can be made regarding 
research capabilities. The application must be signed and the candidate in employment should send it 
through the employer. The completed application in duplicate must reach Director, Inter University 
Consortium for DAE Facilities, University Campus, Khandwa Road, Indore (MP) 452 017 on or before 
Friday, 5 June 1998. The envelope must be marked on top as “Application for JRF/SRF/RA”. 

After preliminary screening, the candidates for JRF, SRF and RA will be called for interview. Selection 
will be made on the basis of performance in the entrance test, interview and academic record. 
Candidates called for interview will be paid to and fro 2nd class sleeper railway fare towards their 
travelling expenses as per rules. Selected JRFs will be given training for one year comprising regular 
courses and laboratory work. Their performance will be monitored by regular tests, seminars, viva voce, 
etc. After successful completion of the course work they may register for Ph D. 


Structure, electronic 
and magnetic 
properties of bulk 
and thin film 
materials down to 
liquid helium 
temperatures and 
below are pursued at 
lUC-DAEF, Indore 
and Mumbai Centres 
using extensive 
facilities for X-ray 
and neutron 
diffraction, ESC A, 
EXAFS, Mossbauer 
spectroscopy, AFM, 
STM, DSC and 
macroscopic thermal, 
transport and 
magnetic 
measurements. 
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INDIAN SCIENCE CONGRESS ASSOCIATION 

YOUNG SCIENTISTS AWARD PROGRAMME 


To encourage Young Scientists, the indian Science Congress Association 
under its above programme introduced a number of awards in January 
1981. Each award carries a cash amount of RslOOO, a certificate of 
merit and Rs 2500 as incidentai for carrying out further research work 
by the awardee, 

1) Oniy members (Life & Ordinary) of the Association are eiigible for 
consideration for the award. The upper age limit of the candidates 
for the award is 32 years (as on 31 December 1997). 

2) Two copies of biodata, including full name and address along with 
the date of birth (duly supported by attested copy of the certificate), 
membership status and number, research experience, (in case of 
joint authorship, the candidate has to be acknowledged by the 
other author(s) in terms of a certificate as having made the major 
contribution) and certification that the work has been carried out in 
India and has not been submitted for any award, should be appended 
to the complete paper, 

3) Three copies of full papers along with their abstracts in triplicate (not 
exceeding 100 words) have to reach the office of the General 
Secretary (Head Quarters), Indian Science Congress Association, 14 
Dr Biresh Guha Street, Calcutta 700 017, not later than 30 September 
1998. At the top of each copy of the paper and its abstract, the 
name of the Section where the paper is to be presented, should 
be indicated. 

4) A Young Scientist could present only one paper in only one section 
(and not a second paper with the same or any other context in 
any other section) for the year under consideration, 

5) Full papers will be assessed for their content and at most six Young 
Scientists in each section will be invited to make oral presentation 
of their papers during the Science Congress Session, who will be 
provided with admissible travelling and daily allowances by the ISCA 
(maximum of first class train fare by convenient shortest route to and 
from residence/institute to venue and DA os per ISCA rules). 

6) The final selection for the Awards will be done by a duly constituted 
committee and will be announced on the last day of the Congress, 
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INFORMATION FOR CONTRIBUTORS 


GENERAL 

All manuscripts should be addressed to the Editor, Current Science, 
P. B. No. 8001, C. V. Raman Avenue, Bangalore 560 080. 
Submission of an article will be held to imply that it has not 
been previously published and is not under consideration for 
publication elsewhere; and further, that if accepted, it will not be 
published elsewhere. Three copies of contributions of all categories 
are required, with a letter of transmittal giving (i) names and 
complete addresses of the authors and (ii) title of the contribution 
and the category in which it is submitted (see below). 

Current Science is a multidisciplinary journal and therefore research 
and review papers of general significance that are written clearly 
and well organized will be given preference. All papers will be 
first assessed by a Reviewing Editor. Papers found unsuitable in 
terms of the overall requirements of the journal will be returned 
to the authors- The others will be sent for detailed review. Both 
solicited and unsolicited material will be reviewed. Authors of 
these papers will be notified of acceptance, rejection, or need for 
revision of the paper. Returned papers cannot be resubmitted. 
Illustrations and other material to be reproduced from other pub¬ 
lications must be properly credited; it is the authors’ responsibility 
to obtain permission for reproduction (copies of letters of permission 
should be sent). 

CATEGORIES OF MANUSCRIPT 

General articles (not exceeding 5000 words) discuss current trends 
in research in a field that will be of interest to readers outside 
the field; interdisciplinary topics: science policy and administration; 
or some aspect of the application of science and technology to 
human needs or the impact of science and technology on 
society/ecosystems/life. They should include a summary not exceed¬ 
ing 100 words, introductory paragraph(s), brief subheads-at appro¬ 
priate places to point to what follows, illustrations that will help 
a general reader, and references. 

Review articles (not exceeding 5000 words) are expected to survey 
and discuss recent developments in a field. They should be well 
focused and organized, and avoid a general, ‘textbook’ style. 
Research articles (not exceeding 4000 words) should report research 
results of fairly major significance. They should include an abstract 
not exceeding 100 words, introductory paragraph(s), and brief 
subheads. 

Research communications (not exceeding 2000 words) should 
contain important findings that are novel and of fairly broad 
interest. They should include a brief abstract and an introductory 
paragraph. Text should not be broken up under subheads. 
Correspondence includes letters, not exceeding 500 words, that 
are of general interest to scientists. All letters cannot be published. 
Scientific correspondence contains technical comments, including 
those on articles or communications published in Current Science 
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Research news articles are intended to inform nonspecialists about 
recently published advances or important findings discussed at a 
meeting. Authors should also send a copy of the paper(s) on which 
the article is based. Meeting reports should avoid merely listing 
brief accounts of topics discussed, and must convey to readers the 
significance of an important advance. 

Research accounts articles are intended to be personalized reviews 
of research from the authors’ own laboratory, based on a body 
of published work. The articles must provide appropriate background 
to the area in a concise introduction, which should also serve to 
place the author’s work in proper perspective. Articles will normally 


not exceed 8 to 10 printed pages. 

Opinion articles present views on issues related to science and 
scientific activity. Commentary articles should contain expository 
notes on issues related to science and scientific activity. 

Book reviews. Unsolicited reviews will also be considered. Reviews 
that merely ‘list* brief descriptions of the contents cannot be 
published. Reviews should have ‘context’ and convey some infor¬ 
mation about the subject of the book. 

Historical commentary and notes inform readers about interesting 
aspects of personalities or institutions of science or about watershed 
events in the history/development of science; most are expected 
to relate to India. Illustrations are welcome. Brief items will also 
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bond paper (21x28 cm). The pages should be numbered con¬ 
secutively, starting with the title page and through the text, reference 
list, tables and figure legends. The title should be brief, specific 
and amenable to indexing. Not more than five keywords should 
be indicated separately; these should be chosen carefully and must 
not be phrases of several words. Summary and abstract should 
not have more than 100 words and should convey the main point 
of the paper, outline the results and conclusions, and explain the 
significance of the results. 

Text. All papers should have a brief introduction. The text should 
be intelligible to readers in different disciplines, and technical terms 
should be defined. Tables and figures should be referred to in 
numerical order. All symbols and abbreviations must be defined, 
and used only when absolutely necessary. Superscripts and subscripts 
and ambiguous characters should be clearly indicated. Units of 
measure should be metric or, preferably, SI. Methods should, as 
far as possible, be described briefly in appropriate table and figure 
legends. 

Figures. In the case of line drawings one set of originals (without 
any lettering) is sufficient, with two copies containing lettering. 
In the case of photographs good prints are required with each 
copy of the manuscript; photocopies are not acceptable. Line 
drawings should be roughly twice the final printed size. The correct 
orientation should be indicated if not clear. 

Photomicrographs and other photographs that require it must have 
a scale bar, which should he defined clearly in the legend. Primary 
data should be submitted as far as possible (e.g. actual photographs 
of electrophoretic gels rather than idealized diagrams). 
References should be numbered in the order in which they appear, 
first through th® text and then through table and figure legends. 
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1. Mukundan, T. and Kishore, K., Curr. ScL, 1991, 60, 355-362. 
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In this issue 


Not a passing phase? 

This issue can’ies two articles by 
P. Hariharan and coworkers 
(page 731 and 746), which 
bring out yet another aspect of a 
theme which Current Science 
readers have seen before. The 25 
August 1994 issue carried many 
articles on the Pancharatnam 
optical phase and its quantum 
cousin, the Berry phase. While 
the main emphasis in most earlier 
work is on concepts, the present 
article (page 746) brings the sub¬ 
ject down to earth by reaching 
up to the stars. Michelson’s 6 m 
stellar interferometer of the nine¬ 
teen twenties has been reborn in 
the current generation of long 
baseline (up to 400 m) stellar 
interferometers. The rule, from 
Michelson’s time, has been to 
keep the paths and phases adjusted 
to measure fringes in the face of 
a fickle atmosphere and less than 
ideal mechanical systems. And 
here the geometric phase steps in 
to offer a new strategy. 

Rajaram Nityananda 


Leviathan, natural selection 
and ethics 

‘And the moral of this is ... the 
more there is of mine, the less there 
is of yours!’ 

The Duchess, in 
Alice in Wonderland 

We live in very troubled times. 
An age that is increasingly 
plagued by a sharp divide between 
the haves and the have-nots. A 


world where the line between jus¬ 
tice and injustice is often blurred. 
We seem to have lost the ability 
to look into ourselves and ask 
what we have taken from others, 
and at what cost. Concepts and 
actions that have traditionally 
been believed to be unethical, to 
be immoral, no longer appear to 
be so. 

In a timely and thought-provo¬ 
king review, on page 750, Renee 
M. Borges traces the history of 
our thinking on the origins and 
development of ethical behaviour 
with particular emphasis on the 
possible evolutionary routes to 
human morality. The journey 
begins with the Greek historian 
Herodotus - with a story that 
beautifully illuminates the relative 
nature of human moral con¬ 
cepts - and moves through the 
thinking of philosophers like 
Hobbes, Rousseau and Hume to 
finally encompass the evolution¬ 
ary perspectives of Darwin, Hux¬ 
ley and Maynard Smith. This is 
obviously a difficult journey, but 
as the author deftly moves on, 
she makes us think-about war 
and peace, about individual 
actions and social contracts, about 
selfishness and altmism, coopera¬ 
tion and reciprocity. Borges then 
focusses her attention on game 
theory, a way of thinking adopted 
by evolutionary biologists from 
economists, in which models of 
individual conflict and coopera¬ 
tion are closely examined to see 
whether they can explain the evo¬ 
lution of our so-called ethical 
behaviour. 

The review addresses a number 
of fascinating issues, and pro¬ 
yokes us to reflect more deeply. 


Is it possible, for example, to 
discover a biological origin for 
the codes of conduct that we 
believe are morally ‘correct’? Are 
such codes now locked in our 
brains, forced to manifest them¬ 
selves through our behaviour? 
Why then have the concepts 
associated with ethics and moral¬ 
ity changed across cultures, across 
eras? Is it entirely because of our 
genes that we are selfish, and is 
it cultural ideology, somehow 
freed from the clutches of those 
genes, that make us altruistic? 
Does human altruism really exist? 
Have I been taught from my child¬ 
hood to be nice to others because 
somehow collective knowledge 
suggested that it is good for the 
greater society to be so? Do I do 
good to others only in the hope 
that they will return the favour 
some day? Or, is the feeling of 
happiness that I invariably get 
when I am nice to someone else 
a peculiarly human attribute free 
from evolutionary moorings? Who 
can tell whether this happiness 
prolongs my survival and makes 
a better life for my children, thus 
bringing us back to those all- 
pervasive genes once again? Are 
human beings the only species 
that defies evolution every time 
a contraceptive is used, as 
Dawkins proposed earlier? Is man, 
therefore, truly ‘free’, as Borges 
suggests? Or, is it all an illusion? 
If it is so, what purpose does 
such an illusion serve? Or, is this 
a wrong question to ask? Biology, 
psychology, philosophy, reli¬ 
gion — so many answers to the 
same problem! 

Anindya Sinha 
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CIRIENT SGIEKE 


Cost-effective databases for research 


CORRESPONDENCE 


H. S. Virk (Curr. ScL, 1998, 74, 397) 
has given some reasons for the decline 
in the quality of research in Indian uni¬ 
versities. In my opinion, there is one 
more factor, viz. poor access to infor¬ 
mation. 

Despite the multiplicity of electronic 
media and improvements in communica¬ 
tion facilities, inibrmation access in India 
has not improved. Increasing cost of in¬ 
formation products and services and low 
buying capacity of libraries and institu¬ 
tions are the major reasons for this de¬ 
plorable situation. These factors, coupled 
with a low degree of information aware¬ 
ness, have led to a state of information 
poverty and this affects the teaching and 
research performance of scientists and 
scholars, particularly in the higher edu¬ 
cation sector. 

Although the multidisciplinary science 
database Science Citation Index (SCI) has 
been available since the early 1960s, many 
Indian institutions did not subscribe to it 
because its cost was perceived to be high. 
Furthermore, SCI is perceived essentially 
as a tool to find out. the impact of the 
work of an individual, institution or a 
country. See, for example, the recent 
study by Arunachalam et aL (Curr. ScL, 
1998, 74, 433-441). It is not often rec¬ 
ognized that SCI is essentially a search 
and retrieval tool and the citation analysis 
part is only an incidental bonus. SCI is 
now available in a variety of formats: 
print, CD-ROM, online and on the 
Internet. The CD-ROM edition of SCI 
1998 is priced at about $ 16,200 (without 
abstracts) and $ 20,900 (with abstracts). 
There is a 50% concession for Indian 
subscribers. Fortunately in the early 
1990s, several inexpensive specialty 
citation indexes have appeared in the 
market. All of these are available in 


CD-ROM and they come with powerful 
and user-friendly search software. They 
cover fields such as chemistry, biotech¬ 
nology, biochemistry and biophysics, 
neuroscience, materials science, and com¬ 
puters and mathematical sciences. These 
citation indexes offer, in addition to the 
bibliographic details of research papers, 
abstracts of the papers indexed and the 
references cited in the source papers 
which link the current papers to the past 
papers through content relations to create 
what one may call a ‘web of science’. 
These databases help researchers identify 
cognitively and methodologically related 
documents. 

Awareness of citation index databases 
among Indian researchers is very low as 
they are available only at selected insti¬ 
tutions, such as the Indian Agricultural 
Research Institute, Indian National Sci¬ 
ence Academy, Indian National Scientific 
and Documentation Centre, New Delhi, 
and the National Centre for Science 
Information, Indian Institute of Science, 
Bangalore. The specialty citation indexes 
are available at a low and affordable 
price. For instance, the price of Biochem¬ 
istry & Biophysics Citation Index which 
covers 3300 journals and over 160,000 
source papers per year cost just $ 1170 
(approximately Rs 46,000). If a library 
subscribes to BBCI 1998, it will also get 
the database for 1992-1997 for free. The 
cost per paper (bibliographic details plus 
abstract) works out to less than 5 paise! 
The Compumath Citation Index comes as 
a five-year rolling file and the subscription 
for the period 1994-1998 is a mere 
$ 1090. It covers 500 of the world’s 
leading computer science and mathematics 
journals and indexes relevant papers from 
over 7000 leading science and social sci¬ 
ence journals. All other specialty citation 


indexes are available in the range of 
$1100—2300 for the eight years 1991— 
1998. They provide access to several 
lakhs of current and retrospective docu¬ 
ments like journal articles, reviews, and 
short communications in their specialties 
and provide bibliographic details and 
author abstracts. 

I wonder why a large number of Indian 
scientists are not taking advantage of 
these cost-effective databases. For small 
institutions where only a few people pur¬ 
sue research, information available in their 
libraries may be just less than five per 
cent of the information available at the 
Indian Institute of Science or the National 
Science Library at New Delhi. Students 
from such institutions often go to major 
libraries for literature search. A subscrip¬ 
tion to these databases offers an alternative 
way of information access that may reduce 
the effort of the researchers chasing the 
information at a few large institutions. 

It should be possible for the researchers 
to buy these databases by spending less 
than Rs 60,000 from their project funds. 
Most researchers have access to desktop 
computers and CD-ROM drives are avail¬ 
able in the market for a few thousand 
rupees. Funding agencies such as the 
Department of Science and Technology, 
Department of Biotechnology, and the 
University Grants Commission should 
come forward to allow researchers to use 
funds provided by them to buy databases. 
They allow purchase of computers, labo¬ 
ratory equipment and chemicals. Why not 
databases? 

P. PrCHAPPAN 

Library and Information Science, 
Annamalai University, 

Annamalainagar 608 002, India 
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Pyrethroid-impregnated curtains for Japanese encephalitis control 


Vas Dev* has reported on the application 
of insecticide-impregnated bed-nets for 
malaria control in this journal. In tropical 
countries such as India and Africa, sleep¬ 
ing under the bed-nets is considered un¬ 
comfortable due to high temperature and 
humidity. Therefore, a method for inter¬ 
rupting man-mosquito contact by the use 
of pyrethroid-impregnated curtains to 
cover doorways, windows, eaves and 
other mosquito entry points of huts has 
been reported^. We have successfully 
demonstrated the efficacy of this approach 
against filaria and Japanese encephalitis 
(JE) vectors. 

Two field trials were conducted during 
1991-92 near Madurai. Hessian curtains 
impregnated with deltamethrin (2.5% 
flow, K-Othrine) @ 50 mg/m^ covering 
the eaves, windows and doorways of 
eight one-roomed huts significantly 
reduced indoor resting and man-biting 
densities of Culex quinquefasciatus, 
vector of filaria, for 3.5 months. The cost 
was approximately Rs43/hut^. Laboratory 
studies showed that polypropylene mate¬ 
rial absorbed less deltamethrin but re¬ 
tained it for a longer duration on the 
surface than hessian material. Therefore, 
in village-scale trials during 1994-97 in 
Cuddalore district, polypropylene curtains 
(made from used urea bags) impregnated 
with a reduced dosage of deltamethrin 
(25 mg/m^) were used. Curtains were 
fixed to eaves and hung on doorways in 
192 huts. Indoor light trap collections 
revealed that up to 5 months there was 
89—100% reduction of Cx vishnui sub¬ 


group, the vectors of JE. Thereafter, the 
percentage reduction declined and it was 
62% when tested at six months. The 
impact of deltamethrin-impregnated cur¬ 
tain was perceptible in all-night biting 
catches also. The indoor collections in¬ 
dicated 100% reduction of Cx vishnui 
subgroup while 88 to 100% reduction 
was seen in Thinnai (porch) collections'*. 
Both in Madurai and Cuddalore, the vil¬ 
lage community welcomed the strategy 
and we found them using the curtains 
correctly during the unscheduled visits to 
the trial sites. In Cuddalore district, JE 
is highly seasonal, occurring during the 
southeast monsoon season (between Sep¬ 
tember and December). Therefore, im¬ 
pregnated curtains give protection for the 
whole JE transmission season and it would 
be sufficient to re-impregnate once a year. 

There are further advantages of using 
curtains over bed-nets. Impregnated cur¬ 
tains are less expensive than the treated 
bed-nets. Each hut requires about 12m^ 
of polypropylene material (8 used bags) 
which costs about Rs 32, whereas one 
nylon bed-net costs about Rs 100-150. 
Minimum two bed-nets are required per 
hut and the total quantity of deltamethrin 
required for impregnating two bed-nets 
is 20 ml, more than the quantity required 
for the curtains (12 ml) per hut and this 
adds to cost also. Bed-net protects indi¬ 
viduals, whereas curtains provide protec¬ 
tion to all the occupants of the hut. In 
the huts where curtains are used, mos¬ 
quitoes are less exposed to the insecticide 
due to limited area covered, hence, the 


development of resistance to the insecti¬ 
cide may be delayed. A person handling 
impregnated bed-net daily is exposed to 
more insecticide (10 ml/net) than a person 
handling doorway curtain (1-1.5 ml/ 
curtain). Also, user of an impregnated 
bed-net is likely to come in contact with 
the net often during sleep, thus further 
exposing to insecticide. 

The advantages, social acceptability 
with long-term savings and possible better 
impact than indoor-spraying, make 
pyrethroid-impregnated curtains suitable 
for inclusion in the disease mosquito con¬ 
trol programmes by the implementing 
agencies. The Tamil Nadu Public Health 
Department has agreed, in principle, to 
implement this strategy for control of JE 
in Cuddalore district with the technical 
assistance of Centre for Research in Medi¬ 
cal Entomology. 

1. Vas Dev, Curr. Sci., 1998, 74, 52. 

2. Majori, G., Sabatinelli, G. and Coluzzi, M„ 
Med. Vet. EntomoL, 1987, 1, 185-192. 

3. Poopathi, S. and Raghunatha Rao, D., Med. 
Vet. Entomol., 1995, 9, 169-175. 

4. Annual Report of Centre for Research in 
Medicinal Entomology, 1995-96, pp. 17-18. 


D. Raghunatha Rao 
A. Gajanana 

Centre for Research in Medical 
Entomology (JCMR), 

No. 4, Sarojini Street, 
Chinnachokkikulam, 

Madurai 625 002, India 


Robot pollinators 


This is in relation to the article titled 
‘Pollinator management - An ecofriendly 
green revolution eludes India’ {Curr. ScL, 
1998, 74, 21). I remember during the 
early months of 1996, my friends and I 
took part in an annual science day ex¬ 
hibition, hosted and jointly sponsored by 
the Tamil Nadu Agricultural University 
in co-operation with the local school ad¬ 
ministration. In our section (plant breed¬ 
ing and genetics) an exhibit under the 
title ‘Crop breeding in 21st century’ ac¬ 
companied by a two-minutes recorded 


speech was arranged by us. The exhibit 
attracted a very good response and there 
were numerous questions asked. The 
theme was, ‘Robots, artificial intelligence 
and computers in agricultural research’. 
We explained that under the circumstances 
of unavailability of effective male sterility 
systems and difficulties in emasculating 
and pollinadng the self-pollinated crops 
to exploit heterosis, ‘micro robot polli¬ 
nators’ of less than a bee’s size could 
be developed and used by our future 
generations for hybridization research as 


well as hybrid seed production. Centrally 
remote controlled ‘micro robot pollina¬ 
tors’ will emasculate the flowers of female 
parents and collect pollen from the male 
parents and pollinate them as desired by 
the breeders. Everything programmed in 
advance. 

Now, if anybody wishes to grade this 
kind of development in pollinator 
management at 100, then the ‘synthetic 
bee pheromone’ developed and utilized 
by Americans is to be rated at 1. On 
the other hand, it is unfortunate that I 
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have to rate the pollinator management 
systems available in India at -273 (i.e. 
absolute zero, absolute zero in absolute 
terms). Having understood the potentiality 
of ‘bee hive systems’ and with a fine 
plan to improve yields of crops through 
this (National Commission on Agriculture, 
1976) we have somewhere failed to put 
the plan into action, thereby leading to 
a colossal loss of billions of rupees of 
national income over several years. There 


need not be a more striking illustration 
than this, that our system is poor in 
investing in important fields of science, 
especially in agricultural research and de¬ 
velopment and worse in implementing 
technologies. The first constructive step 
could be initiated by the scientists, learned 
farmers and commoners by way of ‘mass 
memorandums’ to persuade the Govern¬ 
ment to look into the implementation of 
the recommendations of the National 


Commission on Agriculture, 1976 so as 
to sustain, if not to boost, our future 
economy. Meanwhile, the corporate sector 
could be motivated to launch plans such 
as ‘hire a bee hive’ and so on, in the 
lines of ‘Teakquity’ and tamarind tree 
schemes. 

D. Jafsankar 

Sugarcane Breeding Institute, 

Coimbatore 641 007, India 


NEWS 


DRDO signs MOU with Bharathiar University 


Under the terms of an MOU signed on 
18 April 1998, DRDO and Bharathiar 
University (BU), Coimbatore have agreed 
‘to exchange scientists and faculty mem¬ 
bers for effective interaction for mutual 
benefits and to formulate research areas 
which will benefit DRDO’s programmes.’ 

Through this MOU, DRDO and BU 
will collaborate on research and devel¬ 
opment projects in the following areas; 
Thin film technology; Bio-sensors; Infra¬ 
red detectors technology; Low radiation 
measurement; Plasma engineering and 


special coatings; Microbiology and bio¬ 
technology; Bio-medical technology; 
Eco-toxicology; Effluent treatment; Psy¬ 
chological and physiological environ¬ 
ments of the armed forces; and in any 
other area in which BU has, or will have, 
expertise. 

DRDO will provide money for the 
programmes to BU through its various 
schemes of assigning projects to acade¬ 
mia; BU will manage these funds accord¬ 
ing to its accounting procedures and 
regulations. The University will provide 


opportunities for DRDO personnel to 
pursue master’s and doctoral degrees 
and attend short-term courses on its 
campus. 

A rather large seventeen-member joint 
DRDO~BU Policy Committee will 
oversee the implementation of this 
10-year MOU which is expected to lay 
the foundation for. long-term research 
and strengthen the interactions 
between DRDO and BU, and esta¬ 
blish this University as a centre of 
excellence. 


RESEARCH NEWS 


Optical sensors in environmental monitoring 

P. K. Cho udhu ry 


Optical fibres were first developed by 
and for the telecommunication science 
community, but, today, these are widely 
used in multifarious disciplines. These 
fibres are now specially recognized as 
possible devices upon which to base a 
new generation of sensors. Fibre optic 
sensors have shown a major impact on 
the process industries. This is because 
optical fibres are immune to electro¬ 
magnetic interference, and, also, require 
very little electrical power. Optical fibres 
have now, indeed, found their largest and 
highest value in the overall sensor market. 
Now the scientists are exploiting the use 


of optical fibre sensors in the emerging 
market of environment assessment and 
control, an area where a diversity of 
chemical measurements are required. 

It is the principle of total internal 
reflection which is exploited for the light¬ 
wave transmission through optical fibres, 
and all fibre optic sensors involve the 
interaction of light with the measurand; 
the interaction being in the infrared, near 
infrared, visible or the ultraviolet region 
of the electromagnetic spectrum. Of 
course, there are many kinds of principles 
involved in the interaction of light in 
chemical and gas sensing contexts, e.g. 


luminescence, fluorescence, scatter and 
back-scatter, absorption, reflection, spec¬ 
trometry, colourimetry, etc. The propa¬ 
gating light beam through an optical fibre 
gets affected because of these effects; the 
affected parameters may be phase, inten¬ 
sity, wavelength, polarization, and spectral 
distribution. So the light now suffers from 
change in its properties, and it is this 
change that is measured by electronic 
equipments. This is how the fibre optic 
sensors work. Thus, the configuration of 
optical fibre sensors can be achieved in 
numerous different formats; however, 
every format will essentially be equipped 
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with a certain number of vital compo¬ 
nents, viz. the light source, the fibre(s), 
the light detector, and the associated sig¬ 
nal conditioning electronics. Also, there 
is one more vital component, and that is 
the sensory element where the measurand 
interacts with the light, and this compo¬ 
nent may even be a part of the fibre 
itself or a discrete structure interrogated 
by the propagating light beam. Optrodes, 
distributed fibre optic sensors and fibre 
coupled sensors are the three broad struc¬ 
tural classes among which the sensors 
can be divided so far as the chemical 
and environmental monitoring contexts of 
optical fibre sensors are concerned. 

Optrodes are, as the name implies, 
effectively optical fibre-based analogues 
of electrodes, and these offer a point 
measuring capability. Typically, Ein 
optrode comprises an optical fibre the tip 
of which reacts with the measurand, and, 
in this way the coated tip of the fibre 
responds to the measurand. In the case 
of distributed fibre optic sensors all or 
a pEirt of the fibre’s length is sensitized 
that reacts with the measurand, and, there¬ 
fore, these offer a spatially distributed 
measuring capability. In fibre-coupled 
sensors, these fibres act as passive wave¬ 
guides that take light to and from the 
point of measurement. These fibre- 
coupled sensors offer the best ability 
to make quasi-remote measurements, 
particularly in inaccessible or hostile 
environments’. 

It has now become a global issue how 
technology can cost effectively solve our 
rapidly growing problems in the environ¬ 
mental context, and maintain and improve 
the quality of life of the nation. The 
environmental sensor industry is keenly 
aware of the importance of this major 
subject, and reports, what catches one’s 
eye, the optimistic business income pro¬ 
jections that evolve and resolve around 
several environmental regulation agencies. 
These sensors mostly exploit various 
optical techniques such as multiwave¬ 
length infrared absorption, ultraviolet and 
infrared absorption, chemiluminescence, 
etc. The two remote sensing optical 
devices, extensively used for environ¬ 
mental monitoring, are spectroradiometers 
and lidars. Spectroradiometers analyse the 
spectrum of the radiation absorbed, scat¬ 
tered or emitted, and then quantify 
average contaminants. Passive sensors 
absorb used special light sources to emit 
radiation that interacts with the pollutants. 


Lidars are used to measure chemical spe¬ 
cies, opacity and aerosol mass loading. 
In all kinds of fibre optic sensing devices, 
optical fibres serve as a passive pipe of 
light in spectroscopic analysis, or can be 
coated with a substance to produce an 
electrochemical response. Photolumines¬ 
cence is an extremely sensitive and prom¬ 
ising optical sensor technique based on 
the fact that many organic compounds 
re-emit radiation when excited by an elec¬ 
tromagnetic radiation. Because of its high 
sensitivity, photoluminescence offers the 
potential or remote fibre fluorometric 
analysis for monitoring groundwater con¬ 
tamination. Electrochemical sensors pro¬ 
duce an electric signal in response to a 
chemical reaction. Bio-sensors, that fail 
into the category of electrochemical sen¬ 
sors, are a very interesting area of ongoing 
investigation^-^. These sensors, in fact, 
represent the merging of biochemistry 
with microelectronic or optoelectronic 
technologies, and have attracted much 
attention from the research community 
as well as the commercial sector. Such 
sensors play important role in some other 
applications such as food analysis, 
defence, process control, medical diag¬ 
nostics, environmental monitoring, etc. 
Mechanical sensors are mass-sensitive, 
and these include piezoelectric bulk 
devices involving piezoelectric transduc¬ 
tion, i.e. the conversion of mechanical 
stress into electrical signal and vice-versa. 
Piezoelectric crystals are generally coated 
with a film of sensitive chemical that 
interacts with the target contaminant. The 
change due to interaction induces a stress 
on the piezoelectric crystal, producing 
thereby an electrical signal. Smart skin 
technology includes one of the most com¬ 
mercially available environmental sensors 
used for leak detection of underground 
storage tanks. Such sensors monitor and 
thereby solve the problems related to the 
leakage of various toxic substances from 
the underground tanks. It is rather 
important to remember, while sorting out 
the various flavours of environmental sen¬ 
sors, that it will become increasingly 
difficult to classify a sensor by one single 
technology. This is because the trend is 
now towards hybrid devices meaning 
thereby the entire system as a combination 
of various technologies. 

In the present world of technological 
improvements, one of the hottest appli¬ 
cations of fibre optic sensors is in the 
area of environmental gas monitoring^”^. 


Recent advancements in industrial tech¬ 
nology have essentially initiated the sci¬ 
entific community for the research and 
development in the area of environmental 
safety monitoring by inventing a variety 
of gas sensors. Gaseous species detected 
by these gas sensors include toxic gases 
and air pollutants^-^ which are hazardous 
for human beings, and exist in the air 
at ppm level. Classical techniques like 
gas chromatography and infrared absorp¬ 
tion are available but these methods some¬ 
times present difficulties in the associated 
detection measurements. A novel range 
of gas sensing devices incorporate solid- 
state gas sensors including self-diagnostic 
types, insulated gate silicon FET-based 
gas sensors, etc. 

There is an almost unlimited scope for 
the use of fibre optic chemical sensors 
in monitoring various chemical processes 
taking place in the environment. The 
simple method for detection of gases is 
achieved by the measurements of change 
in electrical parameters like capacitance 
or resistance induced by the absorption 
of gas molecules on the surface of an 
organic polymer like polyaniline mixed 
with polypyrrole, and it has been found 
that polypyrrole can act as an efficient 
ammonia gas sensor. The role of several 
interesting fibre-based gas sensing tech¬ 
niques is primarily aimed at health and 
safety monitoring purposes that include 
the detection of gases like methane and 
other hydrocarbons which are now 
deemed to be environmentally threatening. 
For instance, sensors that offer multi-point 
measuring capability, used for the detec¬ 
tion of methane, are distributed fibre optic 
sensors that exploit the interaction of the 
evanescent wave associated with the light 
in a distributed fibre and with a methane 
sensitive coating. Experimental results 
indicate that such sensors exhibit sensi¬ 
tivities approximately 100 ppm. Infrared 
methanometer is another highly sensitive 
and selective methane sensor that uses a 
Fabry-Perot etalon filter, and exploits 
infrared absorption correlation spectro¬ 
scopy. Another class of methane sensor 
uses a thallium-doped fibre laser that 
operates at a wavelength of 1.648 pm. 
This is certainly a novel kind of fibre 
optic sensor used for gas detection in the 
environmental context. Efficacy of such 
sensors lies in that these can be used for 
detecting several gases in the wavelength 
range 1.65-2.05 pm. 

A wide variety of sensors have been 
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developed using novel membrane tech¬ 
nology for applications in multifarious 
disciplinary areas which include environ¬ 
mental monitoring and analysis. However, 
in the area of chemical sensing devices, 
an extensive use has been made of thick- 
film technology, although it has yet to 
offer much as a tool in the development 
of sensors^’^"^. This is because of the foct 
that a significant amount of fundamental 
research and development still remains 
before such devices can be made widely 
available for their commercial exploita¬ 
tion. However, recent researches on thick 
film sensor arrays describe the method 
for the discrimination of chemical species 
in both gaseous as well as dissolved 
forms. In order to improve several factors 
such as noise immunity, environmental 
cross-sensitivity, long-term accuracy, etc., 
the arrays of sensing elements are now 
in use to detect several parameters that 
affect these factors. A certain guarantee 
for the future success of such kind of 
sensors comes from the ability of fabri¬ 
cation of robust, cheap and repeatable 
sensors which are compatible with the 
interface electronics. 

Integrated optical acoustically tunable 
filters are expected to play vital roles in 
future generations of acousto-optic gas 
sensors, and in spectroscopic applications. 
Such devices are developed with their 
operation at a wavelength of 0.8 pm. 
Optochemical microsensors are the other 
kind of sensors that also have been 
developed and appear to be well suited 
for environmental monitoring applica¬ 
tions. Such sensing devices are used for 
the detection of nitrate, ammonium, and 
heavy metals. Besides these, much tech¬ 
nical information- is now available on 
electrochemical measuring techniques and 
fabrication technologies that is equally 
relevant, or other classes of sensors such 
as planar gas sensors, chemical sensors 
and silicon sensors. 

Efforts have been made by investigators 
to sense the reducing gases like hydrogen, 
carbon monoxide, methane, etc., and for 


such sensing, semiconducting oxides of 
zinc and tin with a small percentage of 
promoter like Pt, Sb, Al, Ni, AI 2 O 3 , M 0 O 3 , 
etc. are widely used. These semiconductor 
gas sensors can sense the reducing gases 
by yielding a deviation in the electrical 
conductance. A thin metal catalytic film 
is used to enhance the selectivity of 
zinc-oxide-on-silicon gas sensors. The 
principle of specific infrared absorption 
by the rotational-vibrational transition of 
gas molecules has been successfully 
employed for the development and fab¬ 
rication of infrared gas sensors that can 
be used for ambient air monitoring, 
meteorological measurements, etc. The 
sensitivity for detection of such infrared 
gas sensors depends upon the proper 
choice of the spectral range, and having 
optical path in a closed or open configu¬ 
ration, the length of which may vary 
from a few centimeters to several meters. 
The gases examined so far include CO 2 , 
CO, CH 4 , and water vapour. 

With regard to the open configuration 
system of infrared sensing devices, some 
compact multiple reflection arrangements 
are usually made to enhance the detection 
that limits up to the values in the parts 
per million range. Some additional gas 
tilters can also be applied to improve the 
selectivity of the sensor. The detector 
signal is processed by lock-in techniques 
synchronously with the modulation. 

Nowadays systems, that comprise an 
air pollutant metering system, a sample 
container, and a gas removal system are 
available in order to test up to four gases 
in the chamber simultaneously at a time. 
In such modules, programmable control 
systems are provided to keep various 
parameters like pollutant concentrations, 
temperature, relative humidity, etc. con¬ 
stant even for a period of one year or 
more. This module also contains a heat 
exchanger and an air jacket heating system 
to maintain uniform temperature distribu¬ 
tion in the sample container, and thereby, 
the problem due to condensation is elimi¬ 
nated. 


Academic research in the field of fibre 
optic sensors reflects their prospects in 
environmental sector'. In fact, most of 
the commercially available sensor devices 
are fibre-coupled instruments for moni¬ 
toring liquid chemical species in which 
fibres themselves play a passive role by 
taking light to and from remote measuring 
locations. The examples of such sensing 
devices are fibre-coupled spectrometer, 
optrodes, etc. Companies in the sensor 
market which aim to promote the under¬ 
standing and exploitation of fibre optic 
sensor technology have shown their 
impact which is evident from their rapid 
growth in numbers during the recent 
years, and it is sure that fibre optic 
sensors will definitely exert a major 
impact on future generations of environ¬ 
mental products. 
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Density disparity - A core issue about earth’s core 


A. K Sankaran 

Earth’s core, its formation and other 
aspects, have been subjects engaging sci¬ 
entists in lengthy debates. The widely 
accepted view visualizes that after accre¬ 
tion, early earth underwent gradual in¬ 
crease of its internal temperature owing 
to lesser rate of heat dispersal, compared 
to heat produced internally by compres¬ 
sion and radioactivity. This steady accu¬ 
mulation of heat attained temperature of 
melting point of iron at depths of 400- 
800 km, by the time earth was 1.0 billion 
years old. A second view holds that core 
separation occurred progressively while 
accretion was still in force, within a few 
hundred million years. Iron being heavier 
and more abundant (-35%) than other 
common elements [0(30%), Si(15%), 
Mg(13%), Ni(2.4%), S(1.9%), Ca(l.l%), 
Al(l.l%)] making up 99% of earth, it 
gravitated towards the centre, displacing 
lighter materials' (Figure 1). The parti¬ 
tioning of elements inevitably led to a 
chemical zonation of earth, the process 
controlled, more by chemical and physical 
properties (densities and melting points) 
of compounds formed, than by properties 
of elements that formed them. As a result, 
a light crust depleted in iron but enriched 
in O, Si, Al, Ca, K and Na was created; 
the mantle region, between the core and 
the crust, carried with it magnesium-iron 
silicates. It was believed that heavier ele¬ 
ments (noble metals) like Au, Pt, Pd, Os, 
Ir, Rh, Re, which do not form compounds 
with O or Si, sank to the core. Other 
heavy metals like U, Th easily combined 
to form silicates and oxides and concen¬ 
trated in outer layers of earth. A large 
proportion of the volatile, inert, rare and 
noble gases were believed to have escaped 
from the early earth. 

The core, which constitutes roughly a 
third of earth’s mass, is solid at its centre 
(about 4% of its volume) and liquid 
towards the outer regions. This liquid 
outer core is slowly crystallizing from 
the centre towards periphery. Among the 
many issues that have been generating 
considerable debate about the core, is its 
density. The latter, which increases with 
depth, is about 10 g/cc at the mantle-core 
boundary and 13 g/cc at the centre. How¬ 
ever, calculations indicate that its density 


is about 10% lower than it should be 
for pure Fe or Fe-Ni at core pressures 
(364 GPa at the centre)”. Also at the 
mantle-core transition zone, the observed 
density is about 10% higher than ex¬ 
pected, which has led to the suggestion 
of a possible intermixing of the lighter 
mantle material with heavier outer core 
material^. This intermixing view is also 
strongly supported by the higher amounts 
of the noble metals than expected in the 
mantle since these metals were supposed 
to have partitioned into the core during 
earth’s early stages of evolution''. At one 
time, it was even thought that the core 
may be metallic hydrogen but this view 
was later dismissed as the very high 
pressures needed to squeeze hydrogen to 
metallic state is not prevalent in the core. 
Incorporation of lighter elements, soluble 
in Fe and stable at core pressures, was 
therefore suspected for the observed den¬ 
sity deficit. Experimental research, during 


the 1960s, on the solubility of elements 
at core P-T conditions led investigators 
to propose Mg, C, H, O, S or Si as 
probable elements incorporated into the 
core. Oxygen, H and C were, however, 
considered less likely; oxygen, because 
of its low solubility in Fe, apart from 
the extreme instability of Fe-FeO alloy 
phases^ and C and H because of their 
volatility, particularly H, which is con¬ 
sidered to have escaped along with inert 
rare gases during early stages of earth 
formation. 

High pressure experimental studies, last 
year, by Parker et al (Pennsylvania State 
University) listed some of the alkali ele¬ 
ments as likely candidates to account for 
the density anomalies. They showed that 
the lack of affinity of some of the alkali 
elements like K, Rb or Cs to react with 
transition metals like Fe, Ni, or Co dis¬ 
appear at core P-T conditions and they 
could be made to react^’’^. They demon- 



Figure 1. (a), Melting of iron in early earth due to internal heating leads to heavy 
liquid layer (Iron ponds) from which (b) drops of iron develop and sink to centre, (c) 
H bubbles, released as drops in iron matrix, are prevented from diffusing outwards. 
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strated the chemical union between these 
normally incompatible groups, by synthe¬ 
sizing an intermetal lie compound of K 
and Ni at pressures of the order of 310,000 
atmospheres (31 GPa) and above at tem¬ 
perature of 2500 K developed in a laser 
heated diamond anvil. This unconven¬ 
tional union of K and Ni prompted them 
to speculate that ‘since chai*ge densities 
of Fe and Ni are similar, despite lower 
electronegativity and work function of 
Fe’, K and Fe should also react under 
core pressure and suggested possibility 
of K as a probable component to lighten 
the core density^’’^. The other view that 
Si or S may be the light element in the 
core^*^ has problems with respect to oxi¬ 
dation states. Sulphur alone cannot satisfy 
the observed deficiency in core density 
without incorporation of another lighter 
element. Thus Si and S are suggested as 
the density-lightening elements and that 
early core formation is thought to have 
taken place under reducing conditions, 
facilitating dissolution of Si in the metallic 
core. Progressively, the conditions became 
oxidizing with addition of S to oxidize 
Fe to silicate^. 

Now in a very recent work, Takuo 
Okuchi (Department of Earth and Plane¬ 
tary Sciences, Tokyo University, Japan) 
has resurrected the disfavoured H and 
experimentally demonstrated how indeed 
it can be the dominant element lightening 
the density of molten iron in the outer 
core'^^ though not as solid H as was 
once thought. He feels that contrary to 
the notion that considerable H escaped 
during the early degassing phase, it was 
actually incorporated into the segregating 
iron core quite early in primordial earth. 
Okuchi envisages sequence of reaction 
thus: assuming an initial H^O content of 
2% in primordial molten earth, he pro¬ 
posed segregation of H and ferrous Fe 


from the primitive bulk through interac¬ 
tion of HjO and metallic Fe. The H thus 
released, which estimates show is much 
more than what is contained in the 
hydrosphere, would have to dissolve into 
the core rather than diffuse and escape 
out of the earth. He has demonstrated 
these reactions experimentally under ultra 
high pressures generated in an uniaxial 
multi-anvil apparatus. The experiment is 
based on the fact that Fe and H react 
to form metallic hydride - FeH^„ a com¬ 
pound stable at pressures > 5 GPa, but 
decomposing at pressures lower than this. 
In order to determine the partitioning 
coefficient of this metal-silicate bond and 
extrapolate the parameters to core condi¬ 
tions and evaluate the reactions, he reacted 
mixtures simulating an ultrabasic bulk- 
composition of iron and silicate compo¬ 
nents. He used a mixture of metallic Fe, 
MgO, brucite ([Mg(OH) 2 ], silica glass 
(SiO,), silicic acid (SiO, • O. 4 H 2 O) and 
liquid H 2 O under 7.5 GPa pressure and 
synthesized a solid compound FeH,j 33 . 
This compound [m.p. between 1100 and 
12G0°C, about 600°C below that of Fe 
(melting point of Fe is reduced by addition 
ot H)], melts to a liquid with a compo¬ 
sition FeH {,4 in molten silicate; but being 
immiscible in a silicate melt, it rapidly 
breaks down as large droplets, and being 
unstable at available ambient pressure, 
quickly decomposes further into H 2 and 
Fe. In this confined state, hydrogen 
released is incapable of diffusing out and 
hence remains in the core, 

Okuchi feels that (i) metal-silicate melt 
partitioning of H in primordial earth had 
occurred at the ‘bottom of magma ocean 
where molten metal may have stagnated 
as iron ponds’; (ii) Most of H 2 O accreted 
to earth should have dissolved into the 
magma ocean; (iii) If the pressure at 
the bottom of the magma ocean was 


>7.5 GPa, more than 95% of H 2 O accre¬ 
ted to earth should have reacted with Fe 
to form FeH^; (iv) Iron pond then sank 
to the core by large scale gravitational 
instability during which pressure and tem¬ 
perature adjacent to molten iron increased; 
(v) H partitioned into the molten iron at 
the bottom of magma ocean cannot return 
to silicate melt and should have gone to 
the core; (vi) This H would then reduce 
the density of iron in outer core by 5 . 5 % 
and together with contribution from S 
(1.1%) and C (2.2—2,7%), the overall 
density reduction in outer core is - 9 . 9 % 
which agrees with observed deficit. In 
the inner core also H may be the primary 
light element to explain the density deficit 
ol about ~7.1%. However, Wood 
(Department of Geology, University of 
Bristol) observes that Okuchi’s single 
stage model should be tested at realistic 
core pressures and actual core properties, 
in addition to testing the agreement of 
siderophile element depletion patterns 
accompanying FeH^ segregation^. 
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Patents on life forms: 

J. Gowrishankar 

The interrelated issues of intellectual 
property rights (IPRs), patents, biopiracy 
and India’s stand vis-a-vis the World 
Trade Organization (WTO) have genera- 


the case for 


ted considerable debate and controversy 
amongst the lay public, non-governmental 
organizations, the executive arm of gov¬ 
ernment and parliamentarians alike. 


OPINION 


India’s decision in 1994 to be a sig- 
natoiy to the set of final agreements 
emanating from the Uruguay Round of 
Multilateral Trade Negotiations (including 


I 



ii'*’ 


CURRENT SCIENCE, VOL. 74, NO, 9, !0 MAY 1998 


727 



OPINION 


that to become a member of WTO) was 
based largely on the following premise: 
that the country stood to gain far more 
from the expected liberalization of inter¬ 
national trade in the agriculture, textiles 
and services sectors than what it might 
lose from the fact that it was now also 
committed to amend its laws on IPR so 
as to provide adequate protection to 
inventions relating to new categories of 
medicines and to new plant varieties. 
Furthermore, it was also clear that should 
India choose not to be a signatoiy, it 
may perforce have to end up negotiating 
far tougher bilateral agreements with each 
of its trading partners. 

One issue that has arisen, as a conse¬ 
quence of India joining the WTO, is the 
need for providing IPR for 'microorga¬ 
nisms’ and for ‘microbiologicaF processes 
in the country’s patent system. That is, 
we have now to decide how, and to what 
extent, should protection in the form of 
new patent laws be provided for the 
commercial exploitation of life forms. 
A. V. Ganesan (former Union Commerce 
Secretary and the chief negotiator for 
India in the Uruguay Round) has indicated 
that the ‘patenting of biological material 
raises a whole range of .. . ethical, moral, 
social and religious issues . .. [which] 
have not been resolved satisfactorily even 
in the industrialized world’. Others such 
as Suman Sahai (of the organization Gene 
Campaign) have argued that economic 
considerations must take precedence over 
the scientific in deciding a patent policy 
for microorganisms. 

It is important to clarify one popular 
misconception before discussing this issue 
further. Microorganisms, or for that matter 
any life forms, are not patentable in their 
natural state or habitat. If an individual 
were to find an hitherto unidentified 
organism in the wild, such a finding 
comes under the category of a discovery 
and not an invention, and hence is not 
patentable. One important criterion for 
the issue of a patent is novelty, that is, 
the item or process in question must not 
have existed (not merely that its existence 
was not known) earlier. 

My own suggestion on the question of 
the patenting of microorganisms differs 
significantly from those voiced eaidier. I 
would maintain that India’s position be 
no different for microorganisms than it 
is for IPR on other categories of material 
inventions. In other words, if we accept 
(or are compelled to accept) the notion 


that (i) the invention of a material product 
or of a process to manufacture such a 
product, or (ii) the discovery of a new 
use for a known product, is an intellectual 
property owned by the inventor whose 
right is entitled to protection under the 
laws of the land, then the mediation of 
microorganisms in implementing the 
invention must not by itself negate any 
of the rights of the inventor, 

The rationale for this opinion is that 
there is no conceivable difference between 
the inventive step(s) that employ a 
microorganism from those that do not. 
Hence any exception that is made in the 
case of the former will, in common sense, 
be arbitrary and discriminatory. Ana¬ 
logously, one could arbitrarily stipulate, 
for example, that any invention which 
employs a spring-mounted screw as one 
of its components (or, as another more 
extreme exatnple, any chemical molecule 
that has three times as many H atoms 
as it has O atoms) is not entitled for 
protection under IPR. On what basis can 
microorganisms, or processes that employ 
them, be generically excluded from con¬ 
sideration as inventions under an IPR 
regime? 

The argument that microorganisms are 
living entities and therefore that they can 
be considered as special entities for the 
purpose of IPR is a weak one. If people 
can own and breed race horses, or can 
grow cattle, poultry or crop plants for 
profit, there is no justification for the 
exclusion of microorganisms, and the 
ownership thereof, from similar commer¬ 
cial exploitation. It would be specious to 
argue that patenting of microorganisms 
should be denied on the grounds that 
such patenting would offend ‘public 
order’ or morality. 

Arguably, the special exemption against 
the application of the IPR laws to any 
category of living beings can apply only 
to humankind-because of current social 
acceptance of the fundamental civil rights 
of every individual. Please note that this 
exemption also stems because of the evo¬ 
lution of human thought vis-a-vis the 
dignity of fellow individuals in the last 
150 years, and this exemption is therefore 
just a sign of the times in which we 
live. In the early 19th century, when 
human slavery and slave trading were 
accepted social norms, one could have 
argued that IPR be extended to humans 
as well! I understand that I risk being 
pilloried if quoted out of context, and I 


agree too that mine is an extreme position, i 

but it appears to be the only rational I 

one. Who knows, as humans become I 

more ‘emancipated’, they may confer civil 
rights to other living species as well in 
which event there would be a case for 
exempting the latter too from IPR. J 

In my opinion, therefore, the law must 1 

permit individuals to enjoy IPR protection i 

of any non-human living entity, provided 5 

that the other standard conditions for I 

purposes of definition of an invention J 

are satisfied. Thus for claiming protection, \ 

there must be a demonstrable ‘inventive’ | 

step(s) involved which was neither avail- I 

able nor obvious to a skilled person in j 

that field-such as clonal purification of | 

a useful organism from the wild, creation | 

of a defined mixture of organisms for a I 

definite purpose, establishment of cell 
linos from an organism, genetic modifi¬ 
cation of an organism in the laboratory, i 

or discovery of a new use for an organism. 
Obviously, genes or proteins that are 
obtained from living organisms would 
also be patentable as novel ‘compositions 
of matter’ (that is, as non-living chemical 
products) in their own right. It may be 
noted that this position is even more 
‘liberal’ than that required of us by the 
WTO, which permits the exclusion of 
life forms such as ‘plants and animals’ 
from patentability. 

Another question often raised is that 
an organism is the product of millions 
of years of evolution in nature, and how 
can one then justify conferment of IPR 
to an ‘inventor’ who malces just one 
additional modification to it? My answer 
is in three parts: (i) Such a question is 
not unique to IPR considerations only of ; 

living entities; the vast majority of 
material (i.e. non-living) inventions also 
represent incremental modifications of 
previously known complex entities, (ii) 

The IPR protection is given only to the j 

modified organism, and the public is free 
to use the unmodified organism without 
infringing IPR. (iii) Finally, the conferred 
IPR is but a limited-term monopoly, and 
15 or 20 years is a negligible time period 
in the context of human history. After 
this period, the modified organism of 
course becomes part of the public domain. 

On the related question of IPR for new 
plant varieties, M. S. Swaminathan and 
others have argued that a proportion of 
the commercial value of a particular 
variety must go back to the traditional 
farming communities that had nurtured 
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these plants and gradually improved upon 
them over several millennia. That is a 
wonderful concept, but is unworkable for 
all generic inventions if taken to its logical 
conclusion - because logically then, every 
intermediary in the improvement process 
must also be entitled to a share of the 
IPR. I illustrate its unworkability with an 
example from medicine. 

It was known several centuries ago to 
the Anglo-Saxon community that leaves 
of the foxglove plant are useful in the 
treatment of dropsy (heart failure). From 
this knowledge came the discovery of 
the digitalis alkaloid and then of digoxin, 
followed by the identification of the 
digoxin receptor and then new-generation 
synthetic drugs that act on the receptor. 
Swaminathan’s prescription will mean that 
a fraction of the IPR on the latest drugs 
will return to the Angle-Saxon commu¬ 
nities, but what then of the other inter¬ 
mediaries in the evolution of the 
invention? 


It would appear, therefore, that the con¬ 
cept of limited-term monopoly followed 
by transfer of the knowledge to the public 
domain is an equally reasonable and a 
more workable solution. Consequently, 
an important corollary to my position is 
that India may adopt the patent pro¬ 
tection mode even for conferring IPR on 
new plant varieties instead of considering 
alternative sui generis systems. 

Finally, how would an IPR regime as 
the one argued for above affect the eco¬ 
nomy of India? I confess that I am not 
an expert to answer this question, and it 
is quite possible that our country should 
not adopt such a regime because it will 
be economically harmful for our country¬ 
men. In that case, however, the economic 
justification for not adopting IPR for life 
forms should clearly be spelt out and the 
reasons why it will be disadvantageous 
for the country be cogently argued. Such 
a decision will then reflect economic 
realities, which will be' used to con¬ 


sciously override the scientific arguments 
presented here. 

As indicated above, it may not be 
sufficient to make the case that patents 
in general are economically harmful and 
therefore that patents on life forms should 
be disallowed. One also runs the risk of 
being accused by other nations of being 
insensitive to the issues of promoting 
multilateral trade and hence of being sub¬ 
jected to sanctions, which may prove to 
be more economically ruinous in the long 
run. Thus, to exclude life forms from 
IPR on ‘scientific grounds’ will be an 
instance of using a false proxy to defend 
oneself in what is really a socio-economic 
disagreement between the world’s trading 
nations. 


J. Gowrishankar is in the Centre 
for Cellular and Molecular Biology, 
Hyderabad 500 007, India. 


SCIENTIFIC CORRESPONDENCE 

Poly amine biosynthetic pathway: A potential target for 
plant chemotherapy 


The discovery of poly amines stemmed 
from the observations of crystals of a 
polyamine from human semen in 1678 
by Antoni van Leeuwenhoek. Later in 
1888, these crystals were identified as an 
organic base and given the name sper¬ 
mine*. After a long gap, the reemphasis 
on polyamine perspectives in biology 
began in the 1960s and 1970s, with the 
accumulation of data on their role in cell 
proliferation and differentiation*’”. How¬ 
ever, this area of research has grown in 
significance in the last 10 years (especially 
from molecular biology) as these naturally 
occurring polycationic small ubiquitous 
molecules play a pivotal role in diverse 
cellular and molecular processes such as 
the regulation of cell division, growth 
and development, membrane stability, 
synthesis and function of DNA, RNA 
and proteins in many organisms, including 
plants^. It has been, suggested that 
polyamines could be treated as a new 
class of ‘intracellular growth regulators’ 
or second messengers'*. Although the 


mechanism of action of polyamines in 
various cell functions is not clearly 
known, (especially in plants), the 
polyamine biosynthetic pathway is fairly 
well established^ 

The most common polyamines are 
putrescine (diamine), spermidine 
(triamine) and spermine (tetraamine). 
Putrescine can be formed by two biosyn¬ 
thetic pathways, either directly from de¬ 
carboxylation of L-ornithine by ornithine 
decarboxylase (ODC) or indirectly from 
L-arginine decarboxylation by arginine 
decarboxylase (ADC) through a couple 
of intermediates. Spermidine and sper¬ 
mine are synthesized by the addition of 
an aminopropyl group [donated by de- 
carboxylated S-adenosylmethionine 
(SAM) formed from decarboxylation of 
SAM by SAM decarboxylase] to one or 
both primary amine group of putrescine 
by spermidine and spermine synthases, 
respectively*. The specific inhibitors are 
available for the enzymes involved in 
polyamine biosynthesis^ (Figure 1). For 


instance, difluoromethylomithine (DFMO) 
and difluoromethylarginine (DFMA) spe¬ 
cifically and irreversibly inhibits ODC 
and ADC, respectively^. Both these path¬ 
ways operate in plants and bacteria*, but 
pathogenic iTingi^'**, with a few excep¬ 
tions'*'*** and most probably protozoa** 
and insects*^ possess only an ODC path¬ 
way for poly amine biogenesis as in case 
of animals and humans*-*. Since a majority 
of fungi are dependent on ODC pathway 
for polyamine formation, which is an 
absolute requirement for normal fungal 
growth and development, the specific in¬ 
hibition of fungal poly amine biosynthesis 
using ODC inhibitors like DFMO should 
be lethal*'*. In fact, this was the basis 
for the discovery of control of a plant 
disease by selective inhibition of fungal 
polyamine biosynthesis, without affecting 
polyamine biosynthesis, growth and de¬ 
velopment of the host plant as it contains 
an alternative ADC pathway for 
polyamine formation*^. Previously, selec¬ 
tive targeting of polyamine biosynthetic 
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Figure 1. Polyamine biosynthetic pathway. 


enzymes has provided a novel and prom¬ 
ising approach for new therapies’^, 
including the control of cancer’^ and pro¬ 
tozoal infections”. 

Rajam and Galston’"^ and Rajam et 
were the first to report the control of 
several plant pathogenic fungi in vitro 
and protection of pinto bean plants against 
bean rust fungus, Uromyces phaseoli 
using low concentration of DFMO 
(0.5 mM), respectively, without affecting 
the host plant. Further, DFMO was per¬ 
sistent, fast acting and translocatable’^. 
Since then, antifungal activity of DFMO 
and other polyamine biosynthetic enzyme 
inhibitors like methylglyoxal bis (guanyl- 
hydrazone) (MGBG, an inhibitor of SAM 
decarboxylase) and cyclohexylamine 
(CHA, an inhibitor of spermidine syn¬ 
thase) has'been demonstrated by several 
researchers on various types of phyto- 
pathogenic fungi^'®"*. Fungal diseases con¬ 
trollable by DFMO include rust diseases 
of French bean, broad bean, wheat, oat 
and corn; powdery mildew diseases of 
wheat, barley, bean and apple; tomato 
wilt; corn leaf blight, and wood decay^’^®. 
Among different kinds of plant fungal 
pathogens tested, rusts and mildews were 
found to be very sensitive to inhibitors 
of poly amine biosynthesis^’^’’. However, 
it has been shown that some fungi are 
relatively insensitive to polyamine bio¬ 
synthesis inhibitors”. Further, DFMO has 
been shown to be inhibitory for fungal 
spore germination and/or sporulation^*’’’. 
Interestingly, DFMO (up to 5 mM) had 
no deleterious effects on polyamine bio¬ 
synthesis, growth and development^”’’^'”, 
chlorophyll content, chromosome behav¬ 
iour (both in mitosis and meiosis) and 
agronomically important traits’'^. Also, 


DFMO could trigger the biochemical de¬ 
fense mechanism(s) in the wheat planP’’. 
This approach has been extended to con¬ 
trol growth and development of zoopatho- 
genic fungi*^'^’, and tobacco caterpillar, 
Spodoptera litura^^ as well as viral 
infections of tobacco caused by tobacco 
mosaic virus and cucumber mosaic 

3 7 

virus ’ . 

Recent advancement in polyamine re¬ 
search has been the rapid development 
of molecular approaches to evaluate the 
roles of polyamines in plant metabolism^^. 
Isolation and characterization of genes 
involved in poly amine biosynthesis, in¬ 
cluding ODC, have been reported from 
plants and several other systems^^. The 
availability of these genes (both sense 
and antisense poly amine genes) has 
helped in creating transgenic plants with 
altered polyamine biosynthesis^^, and such 
transgenics will be useful to study the 
specific roles of poly amines in plant 
development and stress responses. These 
studies also suggest that molecular 
approaches like antisense RNA techno¬ 
logy could be used to selectively target 
fungal polyamine biosynthesis in which 
the action of single gene, notably ODC 
is knocked out for plant chemotherapy. 
For instance, the blockage of the expres¬ 
sion of fungal sense ODC gene in trans¬ 
genic crop plants expressing antisense 
fungal ODC gene (preferably with patho¬ 
gen-inducible promoter) upon infection 
with fungal pathogens could be achieved, 
and this should be lethal for fungal patho¬ 
gens. This antisense RNA approach may 
be useful for fungi that penetrate into 
the host plant cells. In fact, many fungi, 
including the most important fungi that 
cause rust, smut and mildew diseases 


penetrate into the cells by producing haus- 
toria”'’. Haustoria suck the nutrients from 
host plant cells, and they are referred to 
as specialized absorbing organs^^. The 
absorptive nature of haustoria may facili¬ 
tate the uptake of antisense mRNAs of 
ODC gene produced by transgenic plants, 
along with nutrients. This would lead to 
the formation of duplex RNA between 
sense mRNA (produced by fungus) and 
antisense mRNA (produced by transgenic 
plant), and eventually the blockage of 
translation of fungal ODC gene by the 
degradation of duplex RNA as it is very 
unstable’^; the net result of this could be 
the suppression of haustoria formation or 
subsequent formation of secondaiy 
hyphae. Further, this antisense RNA 
approach may not have any adverse 
effect on the host plants, since they con¬ 
tain an alternative biosynthetic pathway 
(ADC), which is much more predominant 
than ODC pathway for polyamine for¬ 
mation^"”'”. The ribozyme technology 
may also be used for the specific blockage 
of ODC pathway (gene expression) in 
fungi for plant chemotherapy. 

Antisense RNA approach may have 
several advantages over the use of agro¬ 
chemicals for control of fungal plant 
infections. For instance, it may lead to 
reduced application of chemical pesti¬ 
cides, which will reduce the exposure of 
farmers to harmful pesticides and chemi¬ 
cal residues in the environment. I predict 
that the use of polyamine biosynthesis 
inhibitors and probably the proposed 
antisense RNA approaches for the control 
of plant diseases of fungal origin would 
be one of the major interests of plant 
science research in the coming years and 
this is because of added excitement and 
fervour to much of the work in progress 
in polyamine research from several labo¬ 
ratories. One can only wonder if Leeu¬ 
wenhoek would have ever believed that 
the fmits of his discovery of a polyamine 
would come to all of this. 
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Pancharatnam phase as a purely geometric phase 


Any optical system designed to demon¬ 
strate the Pancharatnam phase’ as a purely 
geometric phase must generate each new 
polarization state by projecting the pre¬ 
vious state on it^. Retarders cannot be 
used to cycle the polarization, since they 
may introduce additional dynamic 
phases^. The only optical elements that 
can be used to cycle the state of polari¬ 
zation of the beams are analysers, where 
we define an analyser as an optical ele¬ 
ment that transmits the desired polariza¬ 
tion and rejects (absorbs or reflects) the 
orthogonal polarization^. We describe here 
an interferometric arrangement for such 
a demonstration. 

The optical system that we have used 


(see Figure 1) is based on Young’s 
interference experiment. An expanded, 
linearly polarized beam from a He-Ne 
laser (1 = 0.633 )Lim) illuminates a pair of 
slits through two circular analysers RCA 
and LCA to yield, respectively, right- 
and left-circularly polarized states. Both 
these circularly polarized states are then 
projected by a lens on to a linear analyser 
LA to obtain the final linearly polarized 
states. A magnified image of the inter¬ 
ference pattern produced by these two 
states is formed on a screen by a second 
lens. 

While sheet polarizers can be used as 
linear analysers, circular analysers, which 
transmit one circular polarization and 


reject the other, are not readily available. 
We have used 50 jLim thick films of two 
cholesteric liquid-crystal materials^’^ (76% 
by weight of cholesteryl oleyl carbonate 
in cholesteryl chloride, at 24°C, and 
80.7% by weight of cholesteryl chloride, 
17.6% of cholesteryl oleyl carbonate and 
1.7% of cholesterol, at a temperature of 
38°C) as left- and right-circular analysers, 
respectively. 

The operation of this system can be 


N 



Figure 2. Poincare sphere representation of 
the operation of the interferometer. 



Figure 1. Optical system of the interferometer used to demonstrate the Pancharatnam phase 
as a purely geometric phase. 


•4 
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SCIENTIFIC CORRESPONDENCE 



Figure 3. Intensity dislribiilion in the inteiicreiice fringes with the linear analyser set at angles 
of (a) 0^ (b) 90° and (c) 180°. 


followed by means of the Poincare 
sphere^. We assume that, as shown in 
Figure 2, the input is a vertically polarized 
state which is represented by the point 
on the equator of the Poincare sphere. 
This state is projected onto the left- and 
right-circularly polarized states repre¬ 
sented, respectively, by N, the North pole 
of the sphere, and S, the South pole of 
the sphere. Finally, these two circularly 
polarized states are projected onto the 
linearly polarized state represented by the 


point A 2 on the equator. If the linear 
analyser is set at an azimuth angle 6 to 
the vertical, is located at an angular 
distance 20 from Aj, and the phase dif¬ 
ference A<p that is introduced between 
the two beams, which is equal to half 
the solid angle subtended at the centre 
of the sphere by the area enclosed between 
the two geodesics AjA^A 2 and A^SA^, is 

A<p=^20, ( 1 ) 


To verify the operation of the system, 
the fringe pattern was recorded with a 
CCD camera interfaced to a computer. 
Figure 3 shows the interference fringes 
with the linear analyser LA set at angles 
of 0^ 90° and 180°. As can be seen, a 
rotation of the linear analyser through an 
angle of 90° resulted in a shift of the 
fringes corresponding to the introduction 
of a phase difference A(p = 180° between 
the two beams. Rotation of the analyser 
through 180° brought the fringes back to 
their original position. 

In this interferometer, each state is 
produced by projecting the previous state 
on it. The two beams do not traverse 
any birefringent elements and do not 
undergo any reflections. Accordingly, the 
additional phase difference introduced 
between the two beams by a rotation of 
the linear analyser is a purely geometric 
phase. 
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Technology development: Innovate, patent or 
perish 


Pawan Sikka 

There is a need for identifying, developing and upgrading Indian technologies which should 
excel globally. In the liberalization regime, it is the development of indigenous technology which 
would avoid the repetitive import of technology in frontier areas, not the multi-national companies. 


Technology has been regarded as a determinant factor 
to the economic development. It is the level of technology 
which demarcates between the developed and the 
developing nations. And, recently the introduction of 
new technologies is restructuring the global pattern of 
production and trade in a significant manner. This induces 
policy for Intellectual Property Rights which aim to 
protect the monopolistic power of technological deve¬ 
lopment as well as promote technological growth in a 
new environment of liberalization. 

There is a universal realization that unless concerted 
efforts are made to build local technological capacities 
for absorbing the strength of the recent available market 
technologies, any attempt to develop indigenous tech¬ 
nologies will encounter enormous difficulties. Thus, 
whether it is the indigenous development of technology 
or its acquisition from abroad, R&D constitutes an 
important component of the innovation chain for pro¬ 
moting technological development in the country. R&D 
enables the industry in creating a technology base in 
the country towards: 

• providing quality goods of international standards, 

• adapting and adopting the foreign technology, 

• strengthening, the capacity & capabilities of S&T 
infrastructure, and 

• equipping the S&T manpower to face the challenges 
that lie ahead. 

. Industrial research is expected to commercialize the 
available scientific knowledge and technology for the 
national welfare - covering financial and social respon¬ 
sibility. The development of indigenous technology 
would, thus, improve the production of natural resources 
and increase the industrial output. The technological 
innovation would avoid the repetitive insert of tech¬ 
nology and the high cost involved thereby for producing 
quality product(s) needed for the national and inter¬ 
national markets. 


Pawan Sikka is with the Department of Science & Technology, 
Government of India, New Delhi 110 016, India. 


Scene in India 

‘Indian science and technology must unlock the creative 
potential of our people and help in building the India 
of our dreams’ - so says the Technology Policy Statement 
of India, enunciated in 1983. As a chief patron, the 
Government of India promoted the development of S&T 
in the country. With the provision of liberal financial 
support and policy measures, S&T infrastructure has 
been created, capable of tackling R&D problems with 
the so-called (third) largest manpower, i.e. capacities 
and capabilities have been built in many fields (Table 
1: Indicators of R&D). But, recently, it has been observed 
that there have been several unhealthy trends because 
of which S&T has not contributed to the industrial 
growth. For example: 

• Scientific and technological research started in India 
with a leaning on academics and the structure and 


Table 1. R&D scene in India (1994-95) 


GNP devoted to R&D 

0.81% 

Percentage of sales turn-over spent on R&D by 

0.60% 

industry 


Personnel employed in R&D establishments 

3.14 lakhs 

Women in R&D activities 

10,505 

Performing R&D activities 

36.4% 

Performing auxiliary activities 

3L4% 

Performing administrative activities and non- 


technical support 

32.2% 

R&D expenditure incurred by the Central Government 

76.9% 

Industrial expenditure on R&D as sales turn over 

0.60% 

Per capita R&D expenditure (in US $) 

2.39 

Patents sealed in India and 

1746 

patents sealed by Indians 

442 

No. of research papers published 

16,949 

Products developed 

5307 

Processes developed 

2885 

Import substitutes developed 

3043 

Design prototypes developed 

2442 

Consultancy services rendered 

12,990 

India’s contribution to world publications 

2% 
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linkages necessary to carry the fruits of R&D into 
the market place has not been adequately built up. 

• There is a lack of long-range corporate plan for R&D 
projects. 

• The output of most industrial R&D programmes is 
not satisfactory, both in quality and quantity, and is 
not currently adequate to meet the challenges of today, 
let alone those of the coming decades. 

New initiatives 

The research in science and development in technology 
(R&D) activities should be closely linked to the pro¬ 
motion and strengthening of national industry. The current 
scenarios demand that S&T cannot be carried out the 
way these have been pursued during the past 50 years. 
The relationship between S&T and industry has assumed 
a new role for techno-economic progress. Realizing the 
importance of R&D towards technology development in 
the country, recently several new initiatives have been 
introduced such as: 

(1) Legal measures'. Technology Policy Statement, 1983; 
R&D Cess Act, 1986; Technology Development Act, 
1995. 

(2) Tax incentives for RSlD'. Full deduction under income 
tax relief, vide section 35(I)(i); 125% weighted tax 
deduction, under section 35 (2AA); Custom duty ex¬ 
emption; 5-year tax holiday, under section 80-1 A; Excise 
duty waiver, under section 35 (2AA); Accelerated de¬ 
preciation allowance, under section 35(2); Price control 
exemption. 

(3) Honours and awards: DSIR awards for excellence 
in R&D; Shri Ram Memorial and G.M. Modi Awards, 
Birla Foundation, Hari Om Awards, Madhya Pradesh 
State Govt, etc. 

(4) New institutions for technology assessment, fore¬ 
casting and financing. 

TIFAC (Technology Information, Forecasting and 
Assessment Council, New Delhi) has generated Vision 
2020 documents in 20 areas, besides producing tech¬ 
nology assessment and technology forecasting and 
techno-market survey reports in many sectors of the 
Indian economy. The strength of Indian technologies 
identified in these reports should be exploited with the 
aid of financial assistance provided by Technology 
Development Board and other government-aided as well 
as other financial institutions. 

R&D in industry can only contribute in meeting the 
technological challenges ahead. Perhaps new measures 
and instruments evolved would make this contribution 


sizable and timely to enable India to become a profitable 
partner in the era of liberalization, privatization and 
globalization. 

There is need to integrate capabilities. of Indian 
scientists and technologists, built over the past 50 years, 
with business of doing work in industry. The collabo¬ 
rations on R&D between academic, R&D and industrial 
sectors should range from evolving contract research to 
setting up joint ventures, forging thereby, strong linkages 
between the analytical capabilities of R&D institutions 
with production capacities of the industry. Since the 
industry is fully aware of the latest technology/techno¬ 
logical products available abroad, it would like to fund 
projects only in those new and emerging fields so that 
the industry has not to go for its further imports. Thus, 
R&D should become innovative and not adaptative or 
imitative in nature, leading thereby towards the generation 
of a technology base in the country, i.e. development 
of know-why culture while importing know-how from 
abroad, keeping in view the know-where approach. 

In order to strengthen the country’s S&T base, a 
two-pronged strategy has to be pursued, viz. (i) to 
enhance domestic technological capabilities in the stra¬ 
tegic sector of the economy; and (ii) to initiate R&D 
efforts in frontier areas of S&T to enable the country 
to play a significant role in the emerging world tech¬ 
nology market. 

Conclusion 

The application of S&T for industrial growth is an 
inter-related phenomenon to which the socio-economic 
mileu provides a ground for enhanced productivity and 
growth in economy. This would entail change in the 
mindset, i.e. from attaining of self-reliance to targeting 
beyond self-reliance so as to excel in the global market 
and from the publish or perish regime to the new era 
of innovate, patent and flourish or perish. It is the 
dynamism of R&D that would decisively determine 
competitiveness in the global market and consequently 
the future of economic growth. Given the very substantial 
capacities and capabilities that the S&T system has now 
acquired in India, the next decade should be a fruitful 
one for the application of S&T towards making India 
a strong nation in the world. 

Internationally, there is intense pressure to manage 
S&T more effectively due to increasingly turbulent mar¬ 
kets, heavy competition and government cutbacks. Let 
us lay stress on the development of technologies, in 
new and emerging fields, towards achieving commer¬ 
cialization and excellence in India and abroad. 
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Twenty five years of observational 
astronomy at the Indian Institute of 
Astrophysics 


D. C. V. Mallik 


This IS an account of the work done on observations of stars and galaxies mainly from the 
Vainu Bappu Observatory (VBO), Kavalur, over the last 25 years. The Indian Institute of 
Astrophysics, of which the Vainu Bappu Observatory is a field station, was created as an 
autonomous research institution on 1 April 1971. This article is written in commemoration of 
the Silver Jubilee of IIA. Although astronomical observations started in Kavalur as early as 
1968, It was only in 1972 with the commissioning of the 102 cm Zeiss reflector that Kavalur 
Observatory attained the status of a fullfledged stellar observatory. Without being technical, 
the article attempts to give thfi reader a flavour of the research the astronomers in IIA have 
been engaged in, with special reference to the- observations done at VBO. 


Beginnings 

In June 1972, the name of a sleepy little village, hidden 
in the depths of the sandalwood forests in the Javadi 
Hills of Tamil Nadu, received sudden attention in 
international press, for close to it in an observatory that 
bore its name, astronomers of the Indian Institute of 
Astrophysics had just then carried out an important 
observation which, for the first time, gave an indication 
of the existence of an atmosphere in the Jovian satellite 
Ganymede. We shall never know if the villagers ever 
got to know of this sudden leap to fame of their village, 
although some of their kith and kin had probably already 
been associated with the observatory in some activity 
or the other - tending its gardens, maintaining its newly 
built buildings, keeping watch at its imposing gate or 
cooking meals for the astronomers. For the astronomers 
of the newly created Indian Institute of Astrophysics it 
was a fulfilling experience as it was perhaps the first 
significant use they made of their newly acquired 102 cm 
Zeiss telescope. 

It was just over a year ago that The Observatory at 
Kodaikanal was reborn as an autonomous institution 
freed from the stifling hold of the India Meteorological 
Department. The newly christened IIA inherited at birth 
the rich traditions of astronomical research from its 
parent. The Observatory at Kodaikanal functioned since 
1899. Its parent was the Madras Observatory established 
by William Petrie in 1786 (ref, 1 ). 


D. C. V. Mallik is in the Indian Institute of Astrophysics, Bangalore 

560 034, India. 

emaih ,dcvmlk@iiap.ernet.in 


By the standards of the 1960s and from the point of 
view of stellar observations, the facilities in Kodaikanal 
left a lot to be desired. The sky conditions permitted 
only a few clear observing nights during a year. The 
largest telescope was a mere 51 cm reflector and the 
focal plane instruments were primitive. No serious 
astronomer would have been contented with the prevailing 
situation, nor was M. K. Vainu Bappu, the young and 
dynamic director of the observatory who assumed charge 
in 1960 at the relatively young age of 33. Needs of 
the handful of stellar astronomers that Bappu gathered 
around him had far outgrown the telescopes and the 
equipment available. It was clear that if Optical Astro¬ 
nomy were to survive and thrive in India, radical meas¬ 
ures were required. 

As early as 1962, Bappu had started the search for 
a good astronomical site in peninsular India where a 
stellar observatory could be built. A decade-long effort 
led him finally to the spot in Javadi Hills where the 
Vainu Bappu Observatory stands today^. 

Stellar observations started in Kavalur in 1968 nearly 
three years before the formal creation of IIA. A 38 cm 
telescope housed in a roll-off shelter was the first 
instrument in operation. Situated at a latitude of 12° 
34'.6 N, a telescope in Kavalur can peer into the southern 
skies, an ability which was to Work to its special 
advantage years later in 1987 when it was perhaps the 
only observatory in the northern hemisphere to take 
spectra of SN 1987A. The 102 cm Zeiss reflector arrivfed 
in crates in March 1969 and the team of german 
engineers arrived in January 1972 to iristal iti 'The 
telescope started operating in May 1972 and ^witHih' a 
month made its presence felt with the successful 
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observation of the occultation of SAO 186800 by 
Ganymede^ The talk of a much larger telescope, one 
of 2-m class, was already in the air. Although it was 
not yet certain that the large telescope would also be 
installed in Kavalur, the air was thick with expectation. 
It was only in 1976 that the IIA Council finally approved 
the location of the large telescope in Kavalur. Kavalur 
was poised to take off as a major observatory. It has 
been the main seat of observational work in IIA. 

Maturity 

Kavalur Observatory formally attained maturity in Janu¬ 
ary 1986 when the then Prime Minister of India, Rajiv 
Gandhi inaugurated its 234 cm telescope and named the 
telescope and the observatory after its creator, M. K. 
Vainu Bappu. Rajiv Gandhi’s visit to Kavalur was 
dictated by an astronomical event-the appearance of 
Comet Halley on its second sojourn to the solar vicinity 
in this century. The youthful and scientifically aware 
Prime Minister wanted to have a good look at this 
celestial wonder and expressed a desire to visit Kavalur. 
M. G. K. Menon, Chairman of the IIA Council, seized 
the opportunity to convert the PM’s visit into a gala 
affair of commemoration. The 234 cm telescope, Bappu’s 
dream project, was nearly fully ready. The first photo¬ 
graph with it was already taken in November 1985. It 
was, therefore, in the fitness of things that the Prime 
Minister’s maiden visit was utilized appropriately to 
have the telescope formally inaugurated. Eye-witness 
accounts suggest that the Prime Minister thoroughly 
enjoyed his visit to Kavalur. He even climbed into the 
prime focus cage of the large telescope and peered into 
the dark skies with singular satisfaction. Comet Halley 
eluded him though. Instead Gandhi saw the more per¬ 
manent celestial wonders like the Orion Nebula and 
Jupiter and its moons. 

By the mid-eighties the observatory had already pro¬ 
duced a substantial amount of work* with its smaller 
telescopes. In March 1977 it had participated in the 
Uranian occultation experiment and was one of the small 
group that was responsible for the discovery of the 
rings around the green planef^ ^ A number of Ph D 
dissertations had been completed and several more were 
in progress. The number of astronomers had grown from 
less than a dozen in 1972 to more than twenty in 1985. 
Astronomers, whose research life had started with the 
establishment of the Kavalur Observatory, matured along 
with it and they were now leaders of groups, while a 
younger generation was being inducted into active 
astronomical research. Bappu never lived to see these 
developments. He died in August 1982 due to compli¬ 
cations following a heart by-pass surgery. 

In January 1996 the Vainu Bappu Telescope completed 
ten years of its formal existence. It has been operated 
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as a National Facility. It attracts proposals from all over 
the country and sometimes from outside India. But the 
needs of the IIA astronomers have already outgrown 
this telescope and the facilities at VBO. Demands of 
their science have taken them far and wide to telescopes 
in Australia, Chile and the United States. They have 
also used space-based. facilities like the lUE and data 
from IRAS and EXOSAT to pursue their specialized 
interest. Today there is hardly an area of observational 
astronomy that is neglected by the astronomers in IIA. 
At least 30% of the publications in the last few years 
are based on observations carried out elsewhere. 

Observational astronomy in IIA 

Although science is based on hard facts, on experimen¬ 
tation and unbiased observations, its chronicling is often 
coloured by the personality of the scientist as an author. 
The prejudices and preferences of the chronicler creep 
in consciously and unconsciously, and affect the per¬ 
ception of what is important and relevant. Description 
of the observational work done in IIA as related in this 
article is perhaps flawed for the same reason. There is 
no serious attempt here to be comprehensive. Instead I 
highlight some of the important contributions made by 
my colleagues in the areas of stellar, galactic and 
extragalactic astronomy; I also try to explore if there 
had been an underlying theme in much of the research 
that has been done and if there were certain expectations 
in the minds of the users of these facilities, what is 
the extent to which they have been fulfilled. 

To start with, the telescopes in Kavalur had relatively 
modest focal plane instruments. These included cameras 
for fast photography, photoelectric photometers, a 
single-channel photoelectric spectrum scanner, a medium 
resolution spectrograph, and a quartz-prism calibration 
spectrograph. Later an InSb infrared photometer, an 
image tube spectrograph, a Universal Astronomical Grat¬ 
ing Spectrograph from Zeiss (UAGS) and a polarimeter 
were added to the complement of instruments at the 
Cassegrain focus. Photographic plates were the principal 
detectors in the early days. Some microprocessor- 
controlled photon counting systems were designed and 
fabricated some years later and these have been used 
in a variety of observational projects. 

The first doctoral thesis of IIA was by Rajamohan 
who had already started his work with the 51 cm Bhav- 
nagar Telescope in Kodaikanal. His thesis was a detailed 
spectroscopic study of the Scorpio-Centaurus association. 
Rajamohan determined rotational velocities of more than 
a hundred members of this association using the Bhav- 
nagar spectrograph on first the 51 cm and then the newly 
acquired 102 cm telescope. At the 102 cm telescope 
Rajamohan further obtained hydrogen and helium line 
profiles of a few bright members of the association 
using the newly designed coude echelle spectrograph 
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38 cm reflector, the first astronomical tele- 

scope in Kavalur. 102 cm (40”) Zeiss reflector. 


A view of the 40" reflector building with 
the dome shutter open. 





75 cm (30") telescope building in front and the 40" building in 

the background. The coude echelle spectrograph used at the 102 cm reflector. 



The 234 cm Vainu Bappu Telescope, an early photograph before 

the removal of the cover panels in 1989-90. A panoramic view of Vainu Bappu Observatory, Kavalur. 
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The Orion Nebula seen in the light of the forbidden doublet A6724. (102 cm photograph) 


Omega Centaurl, the Southern globular cluster. (102 cm photo¬ 
graph) 


The Carina Nebula (102 cm photograph). 
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A BVR composite image of the galaxy NGC 2903. (234 cm A BVR composite image of the barred spiral NGC 1365 (234 
photograph) cm photograph) 



The Whirlpool galaxy M51/NGC 5194 In BVR. (234 cm photo- The infrared luminous spiral galaxy NGC 3521 in BVR. (234 cm 
gj'aph) photograph) 
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A BVR composite image of the infrared luminous spiral NGC The interacting galaxy NGC 2798 in BVR. (234 cm photograph). 
7817. (234 cm photograph) 


which was commissioned during 1974. With slight modi¬ 
fications this coude echelle spectrograph is still very 
rnuch in use today. The helium line profiles obtained 
at a reciprocal dispersion of 4.8 A/mm allowed a com¬ 
parison between theoretically computed LTE and non- 
LTE profiles and showed that the latter fitted the 
observations better. It also led Rajamohan to a deter¬ 
mination of the helium abundance in the member stars 
of the association^ The rotational velocity data were 
utilized by Rajamohan to produce an important paper 
on stellar rotation on the zero-age main sequence^. 

In 1973-74 Bappu designed a conventional coude 
spectrograph with two cameras of focal lengths 61 cm 
and 285 cm respectively. The camera with the longer 
focal length produced spectra at a reciprocal dispersion 
of 2.8 A mm"^ in the blue. A one-metre telescope is a 
small one to have a coude spectrograph on and only 
the very brightest stars could be observed with it. An 
image intensifier tube was often used in conjunction 
with the photographic plate to improve the signal. Bappu 
had a special interest in obtaining with it spectra of 
the southern supergiant aCar (Canopus). He was moti¬ 
vated by an earlier observation by Brian Warner where 
Warner had discovered an emission reversal in the Ca 
II K absorption line of this star and found that the width 
of the emission did not quite fit into the width - absolute 
magnitude relation known as the Wilson-Bappu effect. 
The spectra obtained at the coude spectrograph hardly 
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showed any detectable emission. Bappu pursued the 
programme with characteristic zeal but could never com¬ 
plete it. After his death his colleagues at IIA obtained 
more spectra of Canopus some of which showed a hint 
of emission. The last scientific paper of Vainu Bappu 
describing these efforts was published posthumously in 
1984 with joint authorship of two of his younger col- 
leagues^ The spectrograph was remarkably stable though. 
Once a IN plate was exposed for two successive nights, 
with the plate properly covered during the intervening 
day. The exposed spectrum showed no lateral shift of 
the lines. The coude spectrograph fell into disuse after 
the first few years. Since the late eighties, charge coupled 
devices (CCD) replaced the photographic plate. All 
spectrographs at VBO currently use CCDs. The dark 
room in the 40" building, the building that houses the 
Zeiss telescope, has ceased to be the hub of activity it 
used to be earlier. Its state of disuse today compares 
with that of the old coude spectrograph. It is a pity 
that the younger generation of astronomers will never 
know the pleasure and pain of using photographic 
plates - preflashing or hypersensitizing them, cutting and 
loading them, exposing them to the right level and then 
developing them - a chain of activities that often bordered 
on the artistic. It left the successful observer with a 
sense of pride and satisfaction which CCDs of today 
can hardly ever produce. 

Two important studies were made within the first 
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decade of the observatory’s existence using photographic 
plates ~ the first, photographic study of the central 
regions of Sersic-Pastoriza galaxies by Prabhu^ and the 
second, a study of some southern globular clusters, most 
prominently cuCentauri, by Scaria^" Prabhu’s was the 
first truly extragalactic study done at IIA although Bappu 
had initiated earlier a programme of ultralow dispersion 
spectroscopy which was used successfully to survey 
stars in the Large Magellanic Cloud. The programme 
started by Prabhu is continuing even today with CCD 
imaging devices replacing the photographic plates. 
Scaria’s study involved equidensitometry of co Con, 47 
Tuc and other clusters on photographs obtained in dif¬ 
ferent wavelength bands. On co Centauri he did photo¬ 
electric aperture photometry along the major and minor 
axes of the cluster. Using these he studied the change 
of ellipticity from the centre to the outer region of the 
cluster. Scaria was a skilled photographer and well 
versed in various specialized techniques. He took great 
pains in producing high-quality photographs of astro¬ 
nomical objects with the telescopes in Kavalur. These 
now form a permanent collection in our observatory. 
He coauthored with Bappu the important paper on 
cuCentauri published in JAA^\ Scaria designed the first 
prime focus camera of the Vainu Bappu Telescope and 
the best early photographs taken with this telescope are 
due to him. His untimely passing away in 1992 robbed 
IIA of one of its most skilled observers. 

Another programme that has been pursued with per¬ 
severance and with good results is the photometry and 
Ha spectroscopy of spotted stars - the RS Canum 
Venaticorum variables. These binary systems show light 
variations which are attributed to spot activity on the 
surfaces of their chromospherically active members, the 
scale of activity being much greater than in the Sun. 
The photometry of a selected sample of these objects 
was started at the 38 cm reflector in 1977 and has been 
continuing ever since. The small size of the telescope 
and the dated nature of the recording device were not 
serious handicaps since the sample was bright enough. 
The vacuum tube-based amplifier was replaced by a 
solid state astronomical amplifier in January 1987 and 
it has been in regular use since then. The photometry 
obtained over the years has helped building up a database 
on a selected group of RS CVn variables. The data have 
been subjected to extensive modelling with the help of 
computer progi'ams developed by the observers themselves 
and used effectively to interpret many characteristics of 
these systems^^"'^ The international recognition of the 
series of studies has come by way of the Russian group 
assigning variable stai* designations to three of the objects 
based on the photometry done at VBO and by the citation 
of the work on UX Ari by Trimble in the invited review 
Astrophysics in 1996 (ref. 18). 

The photoelectric spectrum scanner designed by Bappu 


was put into operation in 1975. It was used for obser¬ 
vations of Comet West soon after^^. It was also used 
by N. Karneswara Rao for one of his early programmes 
when he arrived in IIA. He studied with it broad spectral 
features due to CH and NH molecules in a special 
group of G and K giants known as the weak G band 
stars. The results from this study confirmed the operation 
of the CNO cycle and first dredge-up in these stars^°. 
The scanner was later used for the spectrophotometry 
of Comet Halley^ ^ It was further modified into a PC- 
based spectrum scanner in 1988 but was decommissioned 
soon thereafter. 

The main thrust of observational activity in IIA has, 
of course, been in the area of spectroscopy. This may 
partly be due to the preference of the individual who 
founded the institution; after all Bappu’s everlasting 
reputation is based on spectroscopic work on late-type 
stars that led to the discovery of the relation between 
the luminosity and the Ca II K emission-line width and 
which practically started the quantitative work on stellar 
chromospheres. Bappu tried his best to equip the 102 cm 
telescope with spectrographs of various resolutions. This 
tradition was continued after him. A Boiler and Chivens 
spectrograph obtained from the Anglo Australian 
Observatory was put into operation at the Cassegrain 
focus of VBT in 1989. A Universal Astronomical Grating 
Spectrograph (UAGS) was purchased from Zeiss and 
put into operation at the Cassegrain focus of the 102 cm 
telescope in 1986. All these spectrographs are low to 
medium resolution instruments. The only high resolution 
instrument currently in . use is the old coude echelle 
spectrograph at the 102 cm telescope. Although it is not 
the most efficient spectrograph from the point of view 
of design, it has been put to effective use by the 
astronomers. At its current level of performance it can 
obtain good quality spectra in the red of up to about 
the fifth magnitude. The lack of a high resolution 
instrument at VBT has forced the observers to use 
spectroscopic facilities at other major observatories of 
the world where this facility exists. This has resulted 
in high quality work as‘ well as several international 
collaborations. 

An early piece of work with the coude echelle spec¬ 
trograph was a study of the chromospheric Ha line in 
late G and early K supergiants. The blue asymmetry of 
the Ha profile was attributed to the occurrence of 
chromospheric expansion of these stars eventually leading 
to massloss. This photographic study was later superseded 
by CCD spectroscopy. The observations were matched 
with elaborate transfer calculations to obtain mass loss 
rates in these stars“^’^^ A more recent study completed 
with the same spectrograph is a survey of the infrared 
Ca II triplet lines in a large sample of dwarfs, subgiants, 
giants and supergiants''^. The triplet lines are a potentially 
powerful tool for the study of late-type stellar populations 
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in galaxies because of their sensitivity to the stellar 
atmospheric parameters, in particular the luminosity and 
metallicity. The high-resolution work complements the 
work done elsewhere at lower resolution and will hope¬ 
fully enable a more accurate analysis of the galaxy 
populations. As a spin-off of this study it has been 
found that the central depths of these lines ai'e an 
excellent diagnostic of chromospheric activity also. The 
coude echelle spectrograph has also been in regular use 
for studies of Be stars and Be X-ray binaries. A variety 
of problems concerning line profile variations and phase 
changes of these stars have been investigated with the 
help of these spectra. Another early spectroscopic study 
was concerned with the chemical composition of classical 
Cepheids and related chemical inhomogeneities of the 
Galactic disc. The [Fe/H] index of nearly two dozen 
Cepheids was derived. The places of formation of the 
Cepheids were determined by numerically integrating 
their orbits backwards in time under the influence ot 
the axisymmetric and spiral-like gravitational field of 
the Galaxy. The techniques of synthetic spectra were 
used to obtain chemical composition of the Cepheids.**^ 
A sophisticated spectroscopic reduction software called 
RESPECT was developed by Prabhu and his collabora¬ 
tors^^ and has been widely used by the astronomers in 
IIA. 

Spectroscopy of novae was one of the programmes 
pursued at Kodaikanal Observatory and this tradition 
was continued in Kavalur. Nova Cygni was observed 
in 1975. NQ Vul was also observed soon after discovery. 
After a period of quiescence, the activity in this area 
picked up once more in the late eighties and has been 
continuing since. Several classical and recurrent novae 
have been monitored from VBO during outburst and a 
few during quiescence. Spectroscopic differences and 
similarities between individual novae in outburst have 
been studied and the physical parameters of the ejected 
shell estimated. From such studies presence of a white 
dwarf in the recurrent nova RS Oph has been indicated. 
Spectroscopic monitoring of T CrB over a long baseline 
in time has shown secular as well as orbital phase 
dependent variation in the strengths of the emission 
lines. Using the images of the shell of GK Per, the 
proper motion of the individual knots has been measured 
and the velocity deceleration derived^^"^^ Supernovae 
have also received the attention of IIA observers. Of 
the ten supernovae observed so far, SN 1987A was 
followed in great detail using the 102 cm and 75 cm 
reflectors despite its low elevation in the southern sky. 
Observations were started within 48 hours of the dis¬ 
covery. All the observers with scheduled nights agreed 
to pitch in with the observations the first two hours of 
every evening when the supernova was accessible to 
the telescopes. Authorship of the paper that was published 
soon after testifies to the cooperative nature of the 
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efforp-^. The work received its due recognition. In a 
report on 1987A published in the November 1987 issue 
of Sky and Telescope, the VBO data figured prominently. 
Several other supernovae were observed sparsely close 
to the maximum light. Results on SN 1993J are already 
in prinF”, The continuous upgradation of facilities through 
new instrument acquisitions and related developments 
have resulted in substantial improvements in the capa¬ 
bilities during the period of these observations. 

Observational studies of evolved stars, in particular 
studies related to their evolutionary aspects, have been 
a favourite of the astronomers in IIA and the work 
done at VBO and the work by the astronomers of IIA 
in this area has received critical acclaim and international 
recognition. The particular areas that have received sus¬ 
tained attention are hydrogen-deficient stars, RV Tau 
variables, post AGB supergiants, proto planetary nebulae, 
and planetary nebulae and their nuclei. Work on hydro¬ 
gen-deficient stars was started by Kameswara Rao and 
gathered momentum through his initiative. He organized 
a lAU Colloquium on ‘Hydrogen deficient stars and 
related objects’ in Mysore in November 1985 where 
several leading experts in the field gathered and delib¬ 
erated on the observations and evolutionary aspects of 
these stars. Since then an active group in IIA has been 
working on a variety of problems related to the objects. 
Photometry and polarimetry of a number of these stars 
were done at VBO. Several R Cr B variables have been 
followed in their deep minima and also during the 
recovery phase. Recently this group has completed a 
comprehensive analysis of the surface abundances in 
warm Galactic R Cr B variables using high-resolution 
data obtained at CTIO, Chile and McDonald Observatory, 
USA. They use the techniques of synthetic spectra in 
conjunction with Model Atmospheres of these stars'^’. 
In a collaborative programme with the Astronomical 
Observatory of the University of Uppsala, led by the 
well known theorist Bengt Gustafsson, they have devel¬ 
oped new hydrogen-deficient line-blanketed Model At¬ 
mospheres specifically for the purpose. A thesis on RV 
Tauri stars was completed in 1990 (ref. 32). Broadband 
multiwavelength polarimetric observations of several 
carbon-rich RV Tauri stars were obtained at VBO. The 
observed amplitude of linear polarization of 14% in the 
U band in AR Pup is the highest so far seen in any 
late type star. The polarimetric data were combined with 
photometric data of the same stars to study the nature 
of the variations in polarization, its wavelength depend¬ 
ence, etc. Abundance analysis of the carbon-rich RV 
Tauri star IW Car showed that its photospheric abun¬ 
dances are similar to the depleted abundances observed 
in the - 15kms~' cloud component of ISM in the line 
of sight to t OphiuchP. 

Various types of post-asymptotic giant branch (AGB) 
stars are also studied. These include: high galactic 

CURRENT SCIENCE, VOL. 74, NO, 9. 10 MAY 1998 





GENERAL ARTICLES 


latitude post-AGB supergiants, carbon-rich post-AGB 
stars with 21 micron emission feature, rapidly evolving 
hot post-AGB stars and post-AGB stars in old clusters, 
globular clusters and in the Galactic bulge. A Ph D 
thesis on post-AGB objects and proto planetary nebulae 
was completed during the Silver Jubilee year^"^. Many 
of the stars in this group were first recognized distinctly 
from the analysis of IRAS data. The stars are highly 
evolved and supposedly journeying to the stellar grave¬ 
yard of white dwarfs. Years ago in any graduate course 
on Stellar Evolution one would learn all the intricacies 
of main sequence and post-main sequence evolutionary 
phases but the knowledge would become increasingly 
scanty for the low and intermediate mass stars as one 
approached the second red giant or asymptotic giant 
branch phases. The story was picked up again at the 
planetary nebula phase. There remained this gap between 
the second red giant phase and the pre-white-dwarf/ 
planetary-nebula phase. During the last few years objects 
have been discovered that chart the evolution through 
this phase and many of our colleagues have contributed 
significantly in this area. In some cases evolution in 
real time has been observed. The star SAG 244567 has 
shown changes in its optical spectrum that indicates it 
has become a planetary nebula during the short period 
of 25 years that IIA has been in existence^^. LS II -I- 34° 
26 is another case where a star is suspected to be 
rapidly evolving into the PN phase^^ A thesis was 
completed on a class of planetary nebulae that have 
WC 11 type stars as their nuclei. A detailed photo¬ 
ionization model of M4-18, a member of this class, was 
constructed and the data obtained at VBO complemented 
by the data on this object from lUE and IRAS were 
analysed with its help^^. This work has led to the 
interesting possibility that very small grains (dimension 
- 10 A) exist in the nebula to cause its excess near IR 
radiation. In general, spectroscopy of extended objects 
has not been pursued as vigorously as the spectroscopy 
of stars. A proposal was made some years ago to 
construct a Faint Object Spectrograph for the VBT to 
augment this situation but it was dropped later for lack 
of funding. A collaborative programme on Fabry-Perot 
spectroscopy of planetary nebulae carried out at the 102 
cm telescope produced some interesting results. 

A star-and-sky chopping polarimeter was designed and 
built in IIA in the late eighties by Jain and it has been 
used at VBO ever since to make polarimetric measure¬ 
ments in a variety of young and evolved objects^^"'^^ 

With the sole exception of the photographic study of 
Sersic-Pastoriza galaxies that was mentioned earlier, 
bulk of the extragalactic work in IIA has been done 
after CCD imaging became available at the prime focus 
of VBT and the Cassegrain focus of the 102 cm telescope. 
The study of star formation in Giant Extragalactic H II 
Regions formed the doctoral thesis of Y, Divakara 


Mayya"^^. He used the technique of CCD photometry on 
a selected sample of galaxies and interpreted the data 
with the help of evolutionary population synthesis mod¬ 
els. Mayya found that there was differential extinction 
between the embedded cluster stars and the surrounding 
nebulosities in the Giant H II Region complexes, the 
radiation from the cluster being only partially attenuated. 
He also found that these regions contained both hot OB 
stars and evolved red supergiants. Work along these 
lines is continuing. Some Sersic-Pastoriza galaxies have 
been imaged for a study of their nuclear starforming 
regions. VRHa imaging of several early-type galaxies, 
selected primarily on the basis of their X-ray emission, 
was used to measure nebular emission from their central 
regions. The presence of ionized gas, dust rings, lanes, 
etc. indicates that the galaxies under investigation have 
had accretion of material. IIA participated in the Inter¬ 
national AGN Watch by monitoring spectroscopically 
and photometrically the nucleus of the Seyfert galaxy 
NGC 3783 (ref. 43). The combined data showed con¬ 
siderable variability of the optical continuum and Hy? 
emission with light curves resembling the ultraviolet 
light curve whereas the near-infrared light curve of the 
nucleus appeared independent. Some IIA astronomers 
have utilized the EXOSAT database to study the X-ray 
spectra of a variety of active galaxies. Several interesting 
results have emerged from their analysis. Ongoing pro¬ 
grammes on the Vainu Bappu Telescope include moni¬ 
toring of blazars, morphological studies of luminous 
elliptical galaxies, optical imaging of gamma-ray burst 
fields, study of stellar populations and many others. 

Future 

Observational astronomy in IIA has come a long way 
since the first spectra were taken using the Zeiss tele¬ 
scope. When the 234 cm telescope was proposed, Vainu 
Bappu had in mind three particular areas of study: (i) 
an investigation of the spiral structure of the Galaxy, 
particularly the relatively unexplored portions of it visible 
from the southern hemisphere, (ii) study of stellar chro¬ 
mospheres principally by the methods of stellar spec¬ 
troscopy, and (iii) study of the morphological aspects 
of external galaxies and study of their stellar populations. 
The telescope was built with these goals in mind. Have 
these goals been achieved? While the telescope has been 
shown to function to its designed accuracy, the astronomy 
produced by it so far has fallen short of the expectations 
principally due to a lack of proper backend instruments. 
A high-resolution spectrograph is yet to materialize. The 
Boiler and Chivens spectrograph has not been very 
efficient. Stellar chromospheric studies have not been 
possible with the VBT. A new computer-controlled 
medium-resolution spectrograph has very recently been 
acquired for VBT and put into operation. The first 
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results obtained with it are already in print'^'^. By the 
late eighties when the telescope started regular obser¬ 
vations, interest in the spiral structure of the Galaxy 
had generally waned — this was a worldwide phenomenon. 
Only one study in this subject has been completed in 
IIA but the data used were obtained mainly at Australian 
telescopes'^^. Morphological studies of galaxies, on the 
other hand, gained more and more in popularity and 
VBT has been used in this area quite effectively. Some 
of the smaller telescopes have continued to produce 
good work and stellar chromospheres are studied with 
these in a variety of ways using the resources that are 
available. International collaborations and the use of 
facilities elsewhere permitted the astronomers to pursue 
their goals and the amount of high quality work from 
IIA has been on the increase in greater than linear 
proportion to the number of active astronomers. 

Astronomy has also changed in many ways and the 
perceptions of the sixties and seventies are no longer 
very relevant today. In this era of globalization and of 
accessibility to data through network and information 
transfer, an astronomer is able to collect data from 
anywhere in the world sitting at his/her desk. A lot of 
data from spacebased facilities becomes available in the 
public domain after a stipulated period of time and 
these can be used to produce quality science. The needs 
of an astronomer have thus become somewhat different 
and so has his use. 

The skies in Kavalur have not been very encouraging 
either. The number of clear photometric nights is rather 
small in a year and the total number of observing hours 
per year is about two-thirds of a world-class astronomical 
site. Kavalur is hit by two monsoons and hardly any 
observation is possible at VBO between the months of 
May and December. VBO is also located at a low 
altitude by the standards of major observatories and it 
is hardly sufficient for any kind of infrared work, an 
area of astronomy that is becoming more and more 
important and popular. The astronomers in IIA have 
felt the need of a large telescope in a better site where 
uninterrupted observations will be possible. With the 
commissioning of a large number of large telescopes in 
the southern herriisphere, the reason for having an 
observatory in peninsular India, to capitalize on the 
observation of the southern skies, is no longer applicable. 
With all this in mind, IIA is currently pooling in its 
resources to set up an observatory in the wilds of 
Ladakh close to the Tibetan border, where the skies are 
clear for a larger fraction of the year and where infrared 
astronomy should be possible, as the region is known 
to be amongst the driest in the world. The current plans 
are to put a 2-m telescope there during the next couple 
of years. The new observatory in Hanle will not diminish 
the importance of VBO in any way. It will complement 
the efforts at VBO to have better spectral and temporal 


coverage of celestial phenomena. The harsh weather 
conditions there will require that the bulk of the 
observations are carried out in a remote mode and 
commands from the observer to the telescope and the 
acquired data from the telescope to the observer are 
transferred rapidly via a satellite link. If traditional 
astronomers are already finding observing with the VBT 
lacking the thrill and romance of earlier times they are 
bound to be even more disappointed with the planned 
mode of operation in the new observatory. It may never 
happen again that the first spectrum of a strange object 
is being taken while the astronomer sits guiding at the 
prime focus cage with the strains of Beethoven’s Ninth 
Symphony filling the background. We are on the thresh¬ 
old of a new era. 


1. Kochhar, R. K., Bull. Astron, Sac. India, 1985, 13, 162. 

2. Bhattacharyya, J. C. and Rajan, K. T., Bull. 1992, 20, 319, 

3. Carlson, R. W. et al. Science, 1973, 182, 53. 

4. Bhattacharyya, J. C. and Kuppuswamy, K., Nature, 1977, 267, 331. 

5. Bhattacharyya, J. C. and Bappu, M. K. V., Nature, 1977 , 270, 503. 

6 . Rajamohan, R., unpublished Ph D thesis, Madurai Kamaraj University, 
1974; Pratnana, 1976, 7, 160. 

7. Rajamohan, R., Mon. Not. R. Astron. Soc., 1978, 184, 743. 

8 . Bappu, M. K. V., Mekkaden, M. V. and Rao, N. Kameswara, Bull. 
A.S.I., 1984, 12, 196. 

9. Prabhu, T. P., unpublished Ph D thesis, Madurai Kamaraj Unversity, 
1978; J. Astrophys. Astron., 1980, 1, 129. 

10. Scaria, K. K., unpublished PhD thesis, Madurai Kamaraj University, 
1979. 

11. Scaria, K. K. and Bappu, M, K. V., J. Astrophys. Astron., 1981, 
2, 215. 

12. Mohin, S. et al, Ap. Sp. ScL, 1985, 115, 353. 

13. Mohin, S. and Raveendran, A. V., J. Astrophys. Astron., 1987, 8, 
389. 

14. Mohin, S. and Raveendran, A. V., J. Astrophys. Astron., 1989, 10, 
35; Raveendran, A. V. and Mohin, S., Astron. Astrophys., 1995, 
301, 788. (UX Ari) 

15. Mohin, S. and Raveendran, A. V., Astron. Astrophys., 1992, 256, 
487; Astron. Astrophys., 1994, 286, 824. (DM UMa) 

16. Mohin, S. and Raveendran, A. V., Astron. Astrophys. Suppl, 1993, 
100, 331. (V711 Tau) 

17. Mohin, S. and Raveendran, A. V., Astron. Astrophys., 1993, 277, 
155. (II Peg) 

18. Trimble, V., Pub. Astron. Soc. Pac., 1996, 109, 78. 

19. Sivaraman, K. R. et al., Mon. Not. R. Astron. Soc., 1979, 189, 
897. 

20. Rao, N. Kameswara, Mon. Not. R. Astron. Soc., 1978, 185, 585. 

21. Sivaraman, K. R. et al., Astron. Astrophys., 1987, 187, 543. 

22. Mallik, Sushma V., J. Astrophys. Astron., 1982, 3, 391. 

23. Mallik, Sushma V., Astrophys. J., 1993, 402, 303. 

24. Mallik, Sushma V., Astron. Astrophys. Suppl. Ser., 1994, 103, 279; 
1997, 124, 359. 

25. Giridhar, S., J. Astrophys. Astron., 1983, 4, 75. 

26. Prabhu, T. P., Anupama, G. C. and Giridhar, S., Bull. Astron. Soc. 
India, 1987, 15, 98; Prabhu, T. P. and Anupama, G, C., 1991, 19, 
97. 

27. Anupama, G. C. and Prabhu, T. P., Mon. Not. R. Astron. Soc., 
1991, 253, 605. (T Cr B). 

28. Anupama, G. C. and Prabhu, T. P., Mon. Not. R. Astron. Soc., 
1993. 263, 335. (GK Per) 

29. Ashoka, B. N. et al., J. Astrophys. Astron., 1987, 8, 195. 

30. Prabhu, T. P. et al., Astron. Astrophys., 1994, 295, 403. 


744 


CURRENT SCIENCE, VOL. 74, NO. 9, 10 MAY 1998 



GENERAL ARTICLES 


31. Lambert, D. L. and Rao, N. Kameswara, J. Astrophys. Astron., 
1994, 15, 47; ASP Conf. Sen, 1996, 96, 43. 

32. Raveendran, A. V., unpublished PhD thesis, 1990, Bangalore Uni¬ 
versity. 

33. Giridhar, S., Rao, N. K. and Lambert, D. L., Astrophys. J., 1994, 
437, 476. 

34. Reddy, B. Eswar, unpublished Ph D thesis, 1996, Bangalore University. 

35. Parthasarathy, M. et aL, Astron. Astrophys.., 1993, 267, L19. 

36. Parthasarathy, M., Astrophys. J. Lett., 1993, 414, LI09. 

37. Surendiranath, R. and Rao, N. K., Mon. Not. R. Astron. Soc., 1995, 
275, 685. 

38. Jain, S. K., Srinivasulu, G., Opt. Eng., 1991, 30, 1415. 

39. Bhatt, H. C. and Jain, S. K., Astron. Astrophys., 1993, 276, 
507. 

40. Jain, S. K. and Bhatt, H. C., Astron. Astrophys. Suppl. Ser., 1995, 
111, 399. 


41. Parthasarathy, M. and Jain, S. K., Astron. Astrophys. Suppl., Ser., 
1995, 111, 407. 

42. Mayya, Y. D., unpublished Ph D thesis, Indian Institute of Science, 
Bangalore, 1993. 

43. Stirpe, G. M. et al., Astrophys. J., 1994, 425, 609. 

44. Anupama, G. C., Astron. L, 1997, 114, 2054. 

45. Babu, G. S. D., unpublished PhD thesis, Bangalore University, 
1985. 

ACKNOWLEDGMENTS. I thank my colleagues for providing the 
photographs that appear in this article. Photographs of the galaxies 
have been produced from CCD images observed by Ms Swara 
Ravindranath at VBT. 

Received 29 December 1997; revised accepted 24 April 1998 


MEETINGS/SYMPOSIA/SEMINARS 


National Seminar on Polymer Research in Academy, Industry 
and R&D Organization 

Date: 26-27 June 1998 
Place: Calcutta 

The seminar will consist of invited lectures by eminent experts 
on major fields of R&D, presentation of contributed papers and 
a panel discussion on generation and transfer of technology 
from labs to industry. 

Contact: Prof. Basudam Adhikari 
Polymer Division 
Materials Science Centre 
Indian Institute of Technology 
Kharagpur 721 302 

Phone: (03222) 55221-4 (4 lines) extn 4782 

Fax: (03222) 55303 

E-mail: ba@matsc.iitkgp.ernet.in 


14th International Conference of Alzheimer’s Disease (ADI ’98) 

Date: 24—27 Sept, 1988 
Place: Cochin, India 

Some topics include: Epidemiology, caregivers’ burden, debate 
on care-giving models, role of media and psycho-pharmacology. 

Contact: Dr K. Jacob Roy 

ADI ’98 Conference Secretariat 
P.O. Box 53 

Kunnamkulam 680 503, India 
Phone: 0091-488-522939/523801 
Fax: 0091-488-523801 
E-mail: alzheimr@md2.vsnl.net.in 
Web site: www.alzheimr.com 


CURRENT SCIENCE, VOL. 74, NO. 9, 10 MAY 1998 


745 


RESEARCH ACCOUNT 


The Pancharatnam phase: New applications 
in stellar interferometry 


P, Hariharan and W. J. Tango 

School of Physics, University of Sydney, NSW 2006, Australia 


The Pancharatnam phase has been regarded for many 
years as a phenomenon of purely academic interest; 
however, recent work has shown that it has many 
practical applications including its use in a long-base 
stellar interferometer to permit measurements of faint 
stars. 


The Pancharatnam phase 

In what has become a seminal paper, Pancharatnam^ 
was able to show that if a beam of light was taken 
from one polarization state, without introducing any 
phase changes, through two other polarization states and 
back to its original state, it could exhibit a phase shift. 
He also showed that the magnitude of this phase shift 
(the Pancharatnam phase) was equal to half the solid 
angle subtended at the center of the Poincare sphere by 
the circuit traversed by the point representing the state 
of polarization of the beam. 

The Poincare sphere 

The Poincare sphere is a convenient way of representing 
the state of polarization of a beam of light which also 
makes it very easy to visualize the effects of retarders 

As shown in Figure I, right-circular and left-circular 
polarized states are represented by the North and South 
poles of the sphere, while linearly polarized states lie 
on the equator, with the plane of polarization rotating 
by 180"^ for a change in longitude of 360°. The effect 
of passage through a birefringent plate with a retardation 
d, whose fast axis is at an angle 6 with the vertical, 
is represented by a rotation of the sphere by an angle 
d about a diameter running through a point on the 
equator at a longitude 20. 

A system that can be used to demonstrate the Pancha¬ 
ratnam phase with a linearly polarized beam consists 
of a A/2 plate mounted between two A/4 platesThe 
two A/4 plates have their optic axes fixed at an azimuth 
of 45°, while the A/2 plate can be rotated by known 
amounts. In this arrangement (known as a QHQ phase- 
shifter), rotation of the A/2 plate through an angle 6 
transports the input vertically polarized state represented 
by the point Aj around the loop A^SA^NA^ on the Poincare 


sphere, and shifts the phase of the vertically polarized 
output beam by 29. 

Achromatic phase-shifting 

Because the Pancharatnam phase is a geometric one, 
and, therefore, a topological phenomenon, it is, in prin¬ 
ciple, achromatic. Even with a simple QHQ phase-shifter, 
the variation of the phase shift with the wavelength is 
quite small over a wide range of wavelengths^. With 
such a phase-shifter in one arm of an interferometer, 
the total phase difference between the beams is 

where d is the optical path difference and <p is the 
Pancharatnam phase. Accordingly, the effect of varying 
the Pancharatnam phase is also to move the interference 
fringes across the field of view. However, unlike the 
dynamic phase introduced by a change in the optical 
path, which depends on the wavelength, the Pancharatnam 
phase is the same for all wavelengths. The effect of a 
change in the Pancharatnam phase of 2mjr, where m is 
an integer, is therefore to move the fringes formed at 
all wavelengths by an integral number of fringe spacings, 
so that the interference pattern formed with white light 
returns to its original configuration. As shown in Figure 2, 



Figure 1. The Poincare sphere: effect of a QHQ phase shifter on 
the state of polarization of a beam of light. 
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the intensity at any point in the interference pattern 
varies between its maximum and minimum values, but 
the position of the fringe envelope in the field of view 
remains unchanged^. 

If, then, four measurements are made of the intensity 
in the fringe pattern corresponding to additional phase 
differences of 0°, 90°, 180° and 270°, the visibility of 
the interference fringes can be calculated using the 
relation 

which, normally, is valid only for monochromatic light. 

^he Pancharatnam phase has been regarded for many 
years as a phenomenon of purely academic interest; 
however, the fact that it is intrinsically achromatic has 
led to the development of new techniques in surface 
profiling^ and interference microscopy^; a recent appli¬ 
cation is in stellar interferometry where it makes possible 
measurements on faint stars. 

Stellar interferometry 

Since the dimensions of a star are very small compared 
with its distance from the earth, it follows, from the 
van Cittert—Zernike theorem, that the complex degree 
of coherence between the light vibrations from the star 
reaching two points on the earth’s surface is given by 
the normalized Fourier transform of the intensity distri¬ 
bution over the stellar disc. The angular diameter of 
the star can, therefore, be obtained from a series of 
measurements of the complex degree of coherence at 


pairs of points separated by different distances. This 
can be done by observations of the visibility of the 
fringes in an interferometer which samples the wave 
field from the star at two such points. 

In Michelson’s stellar interferometer^, as shown sche¬ 
matically in Figure 3, four mirrors Mp M 2 , M 3 , M^ were 
mounted on a 6 m long support on the 2.5 m (100 inch) 
telescope at Mt Wilson. The light from the star received 
by the two mirrors Mp M 2 , whose spacing could be 
varied, was reflected by the fixed mirrors M 3 , M^, to 
the main telescope mirror, which brought the two beams 
to a focus at O. 

In this arrangement, when the two images of the star 
are superimposed, and the two optical paths are equalized, 
the visibility of the interference fringes is 

(3) 

where is the complex degree of coherence of the 
wave fields at My and M 2 . When Mp are close 
together, V is nearly equal to unity, but as Z), the 
separation of My and M 2 , is increased, decreases until, 
eventually, the fringes vanish. 

If we assume the stellar disc to be a uniform circular 
source with an angular diameter la, the visibility of 
the fringes is, from eq. ( 3 ) 

2Jy{u)/u, ( 4 ) 

where u = 2jtaD/X, The fringe visibility then varies with 
the separation of the mirrors, as shown in Figure 4, 
dropping to zero when 

D=l,22l/2a. (5) 



Figure 2. Effect of changes in the Pancharatnam phase on the intensity 
in the interference pattern formed with white light: (a), (p = 0°; (b), 


180°, 
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Measurements with Michelson’s stellar interferometer 
present serious difficulties because of two very stringent 
requirements that must be met to be sure that the 
observed disappearance of the fringes is actually due to 
the finite diameter of the star. One is that the optical 
path difference between the two beams must be small 
compared to the coherence length of the light. The other 
is that the optical path difference must be stable to a 
fraction of a wavelength. The latter condition is very 
difficult to satisfy with longer baselines, since atmos¬ 
pheric turbulence produces rapid random changes in the 
two optical paths. 

Long-baseline stellar interferometers 

With the development of modern detection, control and 
data-handling techniques it became possible to overcome 
the difficulties encountered with Michelson’s stellar 
interferometer"’, and instruments designed to make 
measurements over baselines up to 640 m, have been 
constructed. 

In the Sydney University Stellar Interferometer 
(SUSI)", two siderostats at the ends of a North-South 
baseline direct light from the star, via two beam-reducing 
telescopes and an optical path-length compensator, to a 
beam combiner. Error signals from two quadrant detectors 
in each channel, viewing the image of the star, are used 
to control the siderostats and two piezoelectric-actuated 
tilting mirrors to keep these images exactly on the axis. 
Interference therefore takes place between two pairs of 
nominally parallel wave fronts leaving the beam splitter. 

Two photon counting detectors measure the total flux 
in a narrow spectral band in the two complementary 
interference patterns. The signals from the two detec¬ 
tors are then proportional to (1-4-1 ^< 12 1 cos <^) and 
(1 -1 ,£ 422 1 9^)’ where <j), the phase difference between 

the beams, varies randomly with time because of changes 
in the lengths of the optical paths through the atmosphere. 



Figure 4. Variation with the length of the baseline, for a uniform 
circular source, of the visibility of the fringes in Michelson’s stellar 
interferometer. 


If the variations in the lengths of the optical paths are 
large enough that (p has a uniform circular distribution, 
the average value of cos^ 0 = 1/2; the average of the 
square of the difference between the two signals is then 
2 ljt£i 2 p or, in other words, twice the square of the 
visibility. 

To ensure that the optical path difference is small 
compared to the coherence length of the radiation, 
photon-counting array detectors (PCADs) are used to 
observe the channeled spectrum produced by the com¬ 
bined beams. The spacing of the fringes then gives a 
direct indication of the optical path difference. Data 
from the PCADs are accumulated in a switchable 
memory, which allows one data set to be processed to 
obtain a control signal while the next is being stored’/ 

Achromatic phase-shifting for stellar 
interferometry 

A drawback of this technique is that it assumes that 
the visibility of the fringes is constant over the range 
of optical path differences introduced by the random 
variations in the lengths of the optical paths. To satisfy 
this condition, the spectral bandwidth has to be limited 
by a narrow-band filter, resulting in a serious loss of 
light. This problem can be overcome by holding the 
optical path difference at a value close to zero and 
using a phase shifter operating on the Pancharatnam 
phase to introduce phase shifts of ± 90° that are almost 
independent of the wavelength‘s. 

Unfortunately, it is not possible to use QHQ phase 
shifter in a stellar interferometer, since measurements 
have to be made within a time interval that is much 
shorter than the period of the atmospheric fluctuations, 
to avoid errors due to variations in the optical paths 
caused by atmospheric turbulence. However, very rapid 
achromatic phase shifts can be obtained with a switchable 
phase-shifter in which the 2/2 plate is replaced by two 
ferroelectric liquid crystal cells"’. 

As shown in Figure 5, the two linearly polarized 
beams incident on the beam combiner (BC) in SUCI 
are brought into orthogonal states of polarization by the 
half-wave retarders and so that differential 
measurements on the two outputs can be used to eliminate 
scintillation noise. It is, therefore, possible to use a 
switchable phase-shifter incorporating two FLC devices 
in each of the two outputs, with a minimum of modi¬ 
fications to the system. 

However, a problem which arises in using such a 
switchable phase shifter with two orthogonally polarized 
beams in each channel is that the two beams experience 
phase shifts of +20 and -20, respectively, when the 
axis of the FLC device switches through an angle 0. 
With normal FLC devices, in which the optic axis 
switches through an angle of 45°C this would result in 
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Figure 5. Optical system of a stellar interferometer using switchable 
phase-shifters operating on the Pancharatnam phase. 

phase shifts of ± 180°, which are not useful. A solution 
would be to use an FLC material with a switching angle 
of 22.5°, but such a material was not available. Fortu- 
nately, it has been shown that it is possible to use 
materials with other switching angles, provided they 
differ significantly different from 45° (ref. 15). 

If, then, we consider one of the output channels (say, 
the left-hand one), the intensities at the photo detectors 
Dj and D^, when a phase shift of 40 is introduced 
between the two beams, are 

/j(djf, 40) = 4 [1 + cos(2jr^/A) + + 40)], (6) 

lid, 40) = 4 [ 1 ~ F, cos(2jr^/I) - (^^ + 40)], (7) 

where 4 is the intensity that would be obtained in the 
absence of interference, d is the optical path difference 
between the two interfering beams, is the visibility 
of the interference fringes and is the phase difference 
introduced by reflection at BC. 

The visibility F^ of the interference fringes can then 
be calculated from three sets of intensity measurements 


with phase shifts of 0, +40 and -40, using the formula 

[(^)^ (^4. " + (2/o - 

F; = —- , (8) 

^-45 

where c = cos40 and 5 = sin 40. With two FLC devices 
with a switching angle of 60°, yielding phase shifts of 
0°, 240° and -240°, eq. (8) becomes 




h) ^ 40 "^ ^-240 


Since independent outputs can be obtained from the two 
channels, and such FLC materials typically have switch¬ 
ing times less than 40 p-S, the output from one channel 
can be used to locate and track the zero-order fringe 
with white light. The use of a fast fringe-tracking system 
should improve the accuracy of measurements by holding 
the optical path difference close to zero, while the use 
of an achromatic phase-shifter should permit the use of 
a wide spectral bandwidth for measurements, making 
possible measurements on fainter stars. 
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Leviathan, natural selection, and ethics 
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This paper presents a review of a conceptual framework 
for approaching questions on the origin, evolution and 
maintenance of ethical systems in animal societies. It 
also traces links in selected ideas in moral philosophy 
leading to Darwin and the implications of the 
Darwinian paradigm of natural selection for morality 
in humans and other animals. 


‘Mr Castle,’ said Frazier very earnestly, ‘let me ask you a question. 

I warn you, it will be the most terrifying question of your life. 
What would you do if you found yourself in possession of an effective 
science of behavior! Suppose you suddenly found it possible to 
control the behavior of men as you wished. What would you do?’. .. 

‘What would I do?’ said Castle thoughtfully. ‘I think 1 would 
dump your science of behavior in the ocean.’ 

‘And deny men all the help you could otherwise give them?’ 

‘And give them the freedom they would otherwise lose forever!’ 

‘How could you give them freedom?’ 

‘By refusing to control them!’ 

‘But you would only be leaving the control in other hands.’ 

‘Whose?’ 

‘The charlatan, the demagogue, the salesman, the ward heeler, the 
bully, the cheat, the educator, the priest-all who are now in 
possession of the techniques of behavioral engineering.’ 

Walden Two (B. F. Skinner 1948) 

The debate between morality and immorality has occupied 
humans from time immemorial. The idea of moral 
relativism was disturbing but recognized early on. Hero¬ 
dotus recounted how Darius, King of Persia, asked some 
Greeks what monetary incentives would induce them to 
eat their ancestor’s corpses. The shocked Greeks declared 
that no sum of money could make them perform such 
a heinous act. Darius then summoned people of another 
nation whose custom was to consume their ancestors, 
and asked them how much money could make them 
burn their ancestor’s bodies. The natives recoiled in 
horror. Similarly, for the Yanomami of South America, 
enslaving the women of captured villages after slaying 
their men presents no ethical dilemmas. 

Man is an animal with a long evolutionary history. 
However, it was only in the eighteenth and nineteenth 
centuries that the animal nature of man was grudgingly 
acknowledged. This paper traces the course of selected 
secular ideas in the field of ethics leading to Darwin 
and the implications of the Darwinian paradigm for 
morality. It also presents some modern perspectives on 
ethical man. This paper is not intended as an overview 
of ethics and also does not make any moral prescriptions. 


e-mail: renee@ces.iisc.ernet.in 


It is unabashedly a biologist’s view of how ethical 
questions may be approached. 

Morality and the myth of Gyges 

The origin of received ethical norms using a cost-benefit 
analysis has been investigated by only a few philosophers 
who were able to derive a secular view of morality. In 
Plato’s Republic (c. 370BC), Plato’s brother Glaucon 
challenged Socrates on the question of whether moral 
individuals were at a disadvantage compared to immoral 
ones. ‘.. . once people have experienced both committing 
WTong and being at the receiving end of it, they see 
that the disadvantages are avoidable and the benefits 
are unattainable; so they decide that the most profitable 
course is for them to enter into a contract [my italics] 
with one another, guaranteeing that no wrong will be 
committed or received.’ Glaucon recounted the myth of 
the ring of Gyges in which a Lydian shepherd having 
found a ring with the power to render the wearer 
invisible, used it to seduce the king’s wife, killed the 
king and ascended to the throne. Glaucon’s conclusion 
was that an immoral life was better only if one could 
escape retribution. This immunity from punishment is 
a fundamental issue in the evolution and maintenance 
of moral systems. 

Thomas Hobbes and Leviathan 

Thomas Hobbes (1588-1679) was one of the most cogent 
developers of theory regarding rules governing human 
society. He declared that the primitive state of man was 
'belluni omnium contra omnes' (a war of all against 
all). Man was essentially self-seeking. However, as he 
began to live in larger groups, man would find that his 
self-interest could be better served by peace than by 
war (Hobbes’ fundamental law) without which man’s 
life would be ‘nasty, brutish, and short’*. His second 
law was that to achieve peace, men should mutually 
transfer their rights to each other in the form of contracts. 
The third law defined injustice as a violation of contracts. 
Hobbes distinguished strict reciprocity wherein debts are 
paid in the same currency from notional benefits or 
gains where the repayment is in a currency different 
from the first. ‘When the transferring of Right is not 
mutuail; but one of the parties transferreth, in hope to 
gain thereby friendship, or service from another, or from 
his friend; or in hope to gain the reputation of Charity, 
or Magnanimity; or to deliver his mind from the pain 
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of compassion; or in hope of reward in heaven; This 
is not Contract, but GIFT, FREE-GIFT, GRACE: which 
words signifie one and the same thing'.’ 

Hobbes believed that it would be more pragmatic for 
each man to give up his rights for safekeeping to an 
assembly of men. He called this regulating body a 
common-wealth or a leviathan. The leviathan is a mythi¬ 
cal invincible beast described to Job by God in the 
Bible as proof of God’s power over creation and su¬ 
premacy over man (Job 41:1-34). Leviathan, for Hobbes, 
was analogous to a God or moral authority on earth, 

Rousseau’s Social Contract 

A century later, Jean-Jacques Rousseau (1712-1778) 
stated that the fundamental problem he wished to solve 
was ‘how to find a form of association which will 
defend the person and good of each member with the 
collective force of all, and under which each individual, 
while uniting himself with the others, obeys no one but 
himself [my italics], and remains as free as before*^. 
He examined the transitory nature of power (attribute 
of fitness in a Darwinian sense) and said, ‘To yield to 
force is an act of necessity. ... In what sense can it 
be a moral duty ... for once might is made to be right, 
cause and effect are reversed, and every force which 
overcomes another force inherits the right which belonged 
to the vanquished.... Since man has no natural authority 
over his fellows and since force alone bestows no right, 
all legitimate authority among men must be based on 
covenants [my italics]’. Rousseau clarified the nature 
of the contract. ‘Suppose we draw up a balance sheet, 
so that the losses and gains may be readily compared. 
What man loses by the social contract is his natural 
liberty and the absolute right to anything that tempts 
him and that he can take [my italics]; what he gains 
by the social contract is civil liberty and the legal right 
of property in what he possesses.’ Therefore, once men 
have entered into society, freedom is inseparable from 
virtue. Here, freedom is equivalent to free will or free 
choice. 

By a rational process, both Hobbes and Rousseau 
arrived at the paradoxical conclusion that cooperation 
could actually serve the selfish interests of an individual. 
They were, therefore, able to conceptualize systems of 
order in society without resort to any divine presence. 
Leviathan was a God on earth. 

The sympathy of David Hume 

At the same time as Rousseau, David Hume (1711-1776) 
proposed the derivation of a moral sense from an innate 
‘sympathy’ that humans felt for each other. By sympathy 
Hume meant a capacity to be affected by the happiness 


or suffering of others. For Hume, morality was maintained 
by sentiment and virtue was defined as 'whatever mental 
action or quality gives to a spectator the pleasing 
sentiment of approbation', and vice the contrary’^. Hume’s 
contemporary, David Hartley, proposed a materialistic 
theory according to which a nervous association of 
experiences provided a physiological basis for the origin 
of moral behaviour‘s. In modern terms, Hume and Hartley 
seem to have been considering proximal mechanisms 
for the development of ethical behaviour, both hinging 
their views on positive or negative feedback being 
experienced by an individual as a result of his behaviour. 
Here, ethical behaviour is equivalent to socially sanc¬ 
tioned behaviour. 


Morality and Adam Smith 

David Hume exerted a powerful influence. Even Adam 
Smith wrote The Theory of Moral Sentiments (1759), 
in which he borrowed heavily from Hume and Hartley. 
Smith declared that ‘a man of rank and fortune ... is 
obliged to a very strict observation of that species of 
morals, whether liberal or austere [my italics], which 
the general consent of this society prescribes to persons 
of his rank and fortune. But as soon as he [a man of 
low condition] comes into a great city, he is sunk in 
obscurity and darkness. His conduct is observed and 
attended to by nobody [my italics], and he is therefore 
very likely to abandon himself to every sort of low 
profligacy and vice’^. 

The Darwinian paradigm 

A century after Hume and Rousseau and nearly two 
centuries after Hobbes, Charles Darwin gave the world 
the paradigm of natural selection which results in the 
survival of the fittest or the best adapted. This simple 
rule could be used to investigate any attribute subject 
to evolution provided that there is variation in the 
attribute, a mechanism to transmit the variation, and an 
open competition between the variants. 

Darwin consistently cited Hume’s sympathy and dis¬ 
approbation as guiding factors in the development of a 
sensitivity to fellow beings^. Darwin was, however, 
perplexed by the fact that sympathy was evoked to a 
greater degree by ‘a beloved, than by an indifferent 
person’. The idea of kin selection was yet to be born 
and would appear only a century later. ‘With mankind, 
selfishness, experience and imitation, probably add . .. 
to the power of sympathy; for we are led by the hope 
of receiving good in return to perform acts of sympathetic 
kindness to others; and sympathy is much strengthened 
by habit^.’ By adding the processes of social facilitation, 
learning and reinforcement to innate selfish inclinations, 
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Darwin was taking an all-inclusive view of the various 
components of a modern theory of behavioural evolution. 

It would still be a century before the theory of reciprocal 
altruism would be formalized. 

Huxley’s dilemma 

It soon became evident that Darwin’s paradigm had 
serious implications for human behaviour, for if humans 
are also subject to natural selection, each individual is 
necessarily selfish and could be driven to commit selfish 
acts to ensure his own survival and successful repro¬ 
duction at the cost of other members of society. Darwin’s 
devoted champion, Thomas Henry Huxley, bemoaned 
the ‘dark, cosmic forces’ and realized that man would 
always have to struggle against the beast within to 
function ‘morally’ within society^ 

From the Renaissance onwards, following the scientific 
revolutions of Kepler, Galileo and Newton, it was 
becoming popular to believe that there was order and 
hai*mony in nature and that nature was either in a perfect 
state or was progressing towards perfection. In the late 
eighteenth century there were protagonists like the Mar¬ 
quis de Condorcet and William Godwin who believed 
in the organic perfectability of man. For them, the vices 
of man were not invincible and man was capable of 
perpetual improvement and benevolence. This was very 
different from the pessimistic views of Thomas Mai thus 
and Darwin regarding the perpetual struggle between 
men for a limited amount of resources and the potential 
such circumstances could have for a decline in benevolent 
fellow-feeling. 

Like Rousseau, Huxley realized that ‘fitness’ in the 
Darwinian sense did not have any moral authority since 
the current conditions of existence determined the fittest. 
Therefore, ‘fitness’ and ‘morality’ were necessarily un¬ 
coupled and within such a framework there could be 
no absolute moral norms. Huxley attempted to find a 
way out of this impasse by arguing that since morality 
and environment were linked, perhaps if man could 
change his environment so that resources were sufficient 
to prevent an internecine struggle, then an absolute code 
of morality could exist and man could confidently and 
successfully battle the internal forces of selfish intent^ 
Following the industrial revolution, Huxley had great 
faith in the ability of man to create artefacts that could 
help him win the Malthusian battle. By implying that 
man could escape from natural selection, Huxley was 
in effect attempting to create a gap between man and 
animals because the implications of natural selection for 
morality were too terrible for him^^. Huxley stated his 
view very clearly on this issue. ‘There are two very 
different questions which people fail to discriminate. 
One is whether evolution accounts for morality, the 
other whether the principle of evolution in general can 


be adapted as an ethical principle. The first, of course, 

I advocate... . The second I deny, and reject all so-called 
evolutional ethics based upon it^’ He discussed the 
Golden Rule ‘Do as you would be done by’ and opined 
that by refusing to punish law-breakers, the Golden Rule 
actually subverted the interests of society’ (see the 
Prisoner’s Dilemma later). He stated that ‘the followers 
of the “golden rule” may indulge in hopes of heaven, 
but they must reckon with the certainty that other people 
will be masters of the earth’’ 1 

The naturalistic fallacy 

Just as Huxley had realized that man must constantly 
struggle against his ‘baser’ instincts, other moral philo¬ 
sophers such as John Stuart Mill were also voicing their 
concern over what has come to be called the naturalistic 
fallacy'*^. This is the false inference of what man should 
do based on what nature does or the incorrect inference 
of ‘ought’ from ‘is’. Mill railed against this view in 
an essay entitled Nature and said that if nature and 
man were both the works of a perfect God, that God 
intended nature as a scheme to be amended, not imitated 
by man‘‘\ 

Despite this dark despair, others believed that a struggle 
for existence need not always lead to confrontation. Petr 
Kropotkin wrote Mutual Aid: A Factor in Evolution in 
1902 in reply to Huxley’s The Struggle for Existence 
in Human Society (1888) in which Huxley had cited 
overpopulation and the Malthusian struggle as the prime 
drivers of human behaviour‘s. Kropotkin felt that there 
were two types of struggles, one in which individuals 
compete directly with each other for scarce resources 
and the other in which individuals come together in 
cooperation to combat the physical environment. 
Kropotkin saw mutual aid as being beneficial not only 
to entire species or populations but also to individuals 
in the classical Darwinian sense. He admitted that he 
felt mutual aid was more important than competition 
because in the vast expanses of Russia he found very 
little evidence for the fearful Malthusian struggle^'. 
Darwin’s ideas of a Malthusian competition were born 
of a setting of overpopulation and resource shortages 
in the small island of England, a situation very different 
from the vast, but harsh and underpopulated Russian 
landscapes where cooperation to survive the rigours of 
the physical environment was probably more relevant. 

First principles and game theory 

So far, personages like Hobbes, Rousseau, Hume and 
Darwin have used verbal arguments to account for 
cooperation. Is it possible to start from first principles 
and to examine mathematically whether a cost-benefit 
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approach can really influence behaviour between two 
interactants resulting in a stable form of reciprocity 
leading to cooperation? Game theory, which is essentially 
an analysis of conflict, has been found to be invaluable 
for this purpose. The pioneers of game theory were 
John von Neumann and Oskar Morgenstern whose treatise 
on the use of game theory in economics'" was very 
important in operations research during World War II. 
The theory of games involves strategies for each player 
of the game and payoffs associated with each strategy. 
The application of game theory to evolutionary problems 
was largely formalized by John Maynard Smith'^ and 
in evolutionary terms, a payoff is the increase in 
Darwinian fitness achieved by the adoption of a particular 
strategy. 

In a two-person zero-sum game, one player’s gain is 
exactly equal to the other player’s loss. In such games, 
a minimax pair of strategies is obtained at the equilibrium 
point of the game such that a player who deviates 
unilaterally from his equilibrium strategy in this pair 
will receive a worse expected payoff than if he did not 
deviate*'*. The following example will illustrate the point. 
In a mock battle between two groups of men, raiding 
parties from clan A and clan B are converging towards 
each other in one of two possible routes from their 
respective villages-either around the hill or around the 
lake. Clan A wants to reach and capture clan B’s village; 
clan B has the opposite intention. The success of the 
capture by either party will depend on weakening the 
raiding party by engaging it in combat. This will depend 
on how long the two parties are in contact. Based on 
the distances involved in either route relative to the 
positions of the villages, it is known to both clans in 
advance what rewards in terms of contact time each 
clan would get by using either path depending on the 
route decision of the other clan. A matrix of payoffs 
in this game in terms of number of contact days could 
look like the one below. 





Clan B 


Around 

hill 

Around 

lake 

Row 

minimum 


Around hill 

3 

3 

3 

Clan A 

Around lake 

1 

4 

1 


Column 

3 

4 



maximum 





(Modified from Casti'"*) 

The numbers are the rewards to clan A and indicate 
the number of days clan A can score hits against clan 
B by going either around the hill or the lake. Each 
player in turn can be considered to be a maximizing 
player; the other is then considered a minimizing player, 
and vice versa. If clan A is first considered as the 
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maximizing player, then clan A wants to maximize the 
minimum number of days it encounters clan B and clan 
B simultaneously wants to minimize the maximum num¬ 
ber of days it is encountered by clan A. The maximum 
minimum for clan A = 3 (maximum of row minimum), 
and the minimum maximum for clan B = 3 (minimum 
of column maximum). In this case the maxmin and the 
minmax strategy coincide with the decision of going 
around the hill for either clan. If both clans pick the 
option of going around the hill, then they would both 
be indulging in rational and risk-averse play as they 
are ensuring for themselves a certain minimal payoff 
irrespective of what the opponent decides to do. Since 
this game is a zero-sum game, cooperation between the 
two players is inconceivable. 

Cooperative non-zero sum games 

Another important type of game is a non-zero sum game 
which is a game in which one player’s loss is not 
necessarily the other player’s gain. Such games are in 
the realm of cooperation because two players could 
actually cooperate to get higher payoffs. [According to 
Wright"', Mill was unknowingly advocating a non-zero 
sum game in his ‘greatest happiness principle’ by as¬ 
suming that maximization of general happiness was the 
goal and by declaring that this could be achieved by 
self-sacrifice or by obeying the Golden Rule!] 

The Prisoner’s Dilemma (PD) is the most famous of 
the non-zero sum games. In this game, two partners in 
crime are being held separately for interrogation. Each 
is told that if he defects or tells on his partner, he will 
get a reward of 5 units (T = temptation to defect), while 
if he cooperates with his partner in concealing information 
from the police, he will get a payoff of 3 units (R = re¬ 
ward for mutual cooperation). If both he and his partner 
defect, the reward will be only 1 unit (P = punishment 
for mutual defection), and finally if he conceals infor¬ 
mation while his partner defects, the payoff will be 0 
units (S = sucker’s payoff). The game is defined by the 
following inequalities: T>R>P>S. The matrix of pay¬ 
offs could look like the following. 




Player B 




Cooperation 

Defection 

Player A 

Cooperation 

(3,3) 

R,R 

(0,5) 

S,T 


Defection 

(5,0) 

(i,l) 



T,S 

P,P 


The minimax pair of strategies consists of mutual 
defection {Always D or All D) at which point both 
players have their maximum minimal payoffs. Therefore 
neither player will want to deviate from this strategy 
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unilaterally. All D is rational play from each individual’s 
point of view. Paradoxically, if both players cooperate, 
they can get higher payoffs than that obtained from 
individual rationality. Mutual cooperation is a collectively 
rational decision. Yet All D is the equilibrium strategy 
of the game and is therefore equivalent to an evolutionary 
stable strategy (ESS) because if all players of the PD 
adopt it, it cannot be invaded by any other mutant 
strategy. If this is the case how can cooperation ever 
get started? 

Iterated non-zero sum games and 
evolutionary ethics 

Apparently, there is a world of difference between a 
one-shot or once-off PD game, which is a game played 
only once between two opponents who do not know 
each other, and an iterated PD game (IPD) in which 
the same opponents play the game over and over again. 
It turns out that All D is the best strategy to use in 
the one-shot PD. However, as the same partners meet 
repeatedly in the iterated version, there may be strategies 
other than All D that could prevail especially if the 
number of iterations is not fixed in advance and if the 
interactants get to learn the predilections of their oppo¬ 
nents. In 1979, to see if any strategy other than All D 
was successful in iterated games, Robert Axelrod, a 
political scientist, had the novel idea of conducting a 
computer tournament. He invited scientists to submit 
strategies that could be set against each other in the 
IPD wherein the same two interactants would meet again 
with a probability value ‘w’. The strategies could be 
such as ‘defect in every fifth round, otherwise cooperate’ 
or ‘keep cooperating unless the other has defected twice, 
then defect’. Fifteen strategies were sent in by game 
theorists in economics, mathematics, sociology and 
political science. Axelrod also introduced a strategy of 
randomly made choices into the fray. The tournament 
was designed to assess the following: a) a strategy’s 
robustness, i.e. what type of strategy can compete suc¬ 
cessfully in an environment where individuals are already 
using a variety of strategies, b) its stability, i.e. once 
a strategy has gone to fixation in an environment, what 
is its resistance to invasion by a mutant strategy (is the 
strategy an ESS?), c) how could any cooperative strategy 
get started in an environment where all individuals are 
uncooperative and are playing All D'^1 
Of the entries submitted, the highest average score 
was obtained by a three-line program submitted by 
Anatol Rapaport. The winning strategy was TIT for 
TAT (TFT) which consists of cooperating on the first 
move and then doing whatever the other player did on 
the previous move. TFT was found to be robust because 
it was never the first to defect; it punished defectors, 

754 


and was forgiving as it retaliated only once and would 
cooperate if the defector cooperated. Completely unfor¬ 
giving strategies fared the worst in the tournament. 

Shortly after the first tournament, Axelrod solicited 
entries for a second round-robin tournament. This time 
62 entries came in from six countries, and Axelrod once 
again introduced the strategy of random play. TFT won 
again, after an analysis of 3 million possible choices. 
Once TFT had gone to fixation it was thought to be 
an ESS if and only if the number of iterations between 
the same individuals was sufficiently large, i.e. if the 
value of ‘w’ was sufficiently great. This then led to 
the crux of the issue - in a world of all uncooperatives, 
how could TFT get established in the first place? There 
are two possible theories'^ In the genetic relatedness 
or kin selection theory, relatives or kin could be expected 
to cooperate with each other with greater likelihood. 
Therefore, even in a society of selfish individuals, groups 
of related individuals could benefit from cooperative 
acts and increase the frequency of the players adopting 
TFT. In the cluster theory, if individuals with a predi¬ 
lection for cooperation happen to come together or 
interact with each other in a cluster, then there is a 
greater frequency of interaction between the ‘mutant’ 
cooperating individuals than among the non-cooperatives. 
Such an increased interaction frequency could again give 
cooperation a foothold. 

Despite TFT’s popularity, it is subject to certain 
restrictions. For example, unconditional cooperators can 
jeopardize the cooperative state regulated by TFT 
because they could be exploited by defectors or cheats 
(recall Huxley’s predictions!), thus allowing the popu¬ 
lation of defectors to grow. In this sense, TFT is not 
evolutionarily stable. TFT is also jeopardized by occa¬ 
sional mistakes. If an interactant mistakenly defects, 
TFT will also defect and this could set in a long series 
of mutual retributions. Once again Huxley^ seems to 
have thought it all out before when he said, ‘... 
civilisation could not advance far without the establish¬ 
ment of a capital distinction between the case of invol¬ 
untary and of wilful misdeed; between a merely wrong 
action and a guilty one.’ 

Although TFT in small clusters can invade populations 
of defectors, another strategy called Generous TIT for 
TAT (GTFT) actually does better in invasion'^. GTFT 
always cooperates after an interactant cooperates but 
defects only with a certain probability after the interactant 
defects. GTFT could, therefore, be more ‘forgiving’ 
especially of mistaken defections. Also, since it is im¬ 
possible to predict exactly when GTFT will cooperate 
after a defection, it is difficult to exploit its generosity'^. 
A newly formulated strategy called PAVLOV (name 
derived from a type of behavioural conditioning) is now 
a serious contender for the best performer in the PD 
game'®"*. PAVLOV uses the rule: if win, then stay; if 
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lose, then shift. In other words, PAVLOV cooperates 
if and only if both players, the PAVLOV player and 
its interactant, made the same decision on the previous 
move (whether a defection or a cooperation). Therefore, 
a PAVLOV player repeats its former move if rewarded 
by T or R points (same meanings for T and R as in 
the PD game), but switches strategies if it is punished 
by S or P points. Therefore, if a PAVLOV player 
defects and experiences defection in return, it will switch 
to cooperation unlike TFT which could have got locked 
into endless rounds of defections. 

Although PAVLOV outperforms TFT in the IPD game, 
it cannot invade a population of defectors precisely 
because it switches to cooperation after experiencing 
mutual defection. Such a population would have to be 
invaded by a strategy like TFT which essentially would 
act as a catalyst for the achievement of a cooperative 
state. However, once established, PAVLOV has distinct 
advantages over TFT. It is tolerant of mistaken defections. 
Also, PAVLOV will exploit unconditional cooperators, 
and therefore, cannot be invaded by unconditional co- 
operators which would lead to the rise of exploiters or 
cheats. In other words, if a sucker (unconditional co- 
operator) is accidentally responded to with defection (by 
a player playing PAVLOV), and if PAVLOV does not 
experience defection in the next move from the sucker, 
it will continue the exploitation, thus ultimately leading 
to the decline of the suckers. Therefore unlike TFT, 
PAVLOV is unforgiving towards suckers, and can prevent 
them from subverting a cooperative state based on reward 
and punishment. Interestingly, it has been shown that 
exploitation is a successful strategy in either large or 
patchy populations because itinerant exploiters (called 
ROVERs) can move from one group or subgroup to 
another to escape retribution once they have been dis¬ 
covered to be cheats*^. 

Despite the recent excitement about game theory, 
two-person games may be too simplistic to model co¬ 
operation within groups because payoffs to the two 
participants may also depend partly on payoffs to other 
members of the group^^^ Moreover, the currencies of 
the cooperative acts between two or more players may 
be different and difficult to quantify^^ 

Evolutionary ethics: kin selection and 
reciprocal altruism 

Hamilton’s theory of kin selection referred to earlier 
provided a powerful explanatory perspective for seem¬ 
ingly altruistic acts in humans and other animals. This 
theory emphasized a gene view of selection and stated 
that altruism towards relatives could be expected because 
it would facilitate the survival of genes shared between 
the altruist and its relative, and that the probability of 
altruism should be directly proportional to the relatedness 
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(proportion of shared genes) between the altruist and 
the individual benefitting from the altruistic act'“. Kin 
selection would explain Darwin’s bewilderment as to 
why the emotion of ‘sympathy’ was greater towards 
one’s own kin than towards someone distant! 

In 1971, inspired by Darwin’s speculations and those 
of George C. Williams^"^ on altruism, Robert Trivers 
published a seminal paper on reciprocal altruism in 
which he tried to explain seemingly altruistic acts per¬ 
formed towards non-relatives in various animal societies 
and attempted to take the ‘altruism out of altruism’ 
Trivers used the framework of the PD game and a 
cost-benefit approach and determined that an individual 
should be altruistic only when the benefits to the recipient 
of the altruistic act were much greater than the costs 
to the altruist of performing the act. Trivers provided 
a conceptual framework for analysing behavioural con¬ 
flicts. For example, Trivers also speculated that once 
moralistic aggression had been selected for to protect 
against cheating, selection could favour sham moralistic 
aggression as a new form of cheating. This in turn 
could lead to selection for the ability to distinguish 
between the true and false versions and to develop 
protective measures against sham aggressors and could 
result in an unending escalation of the complexities 
within the games humans play. The theory of reciprocal 
altruism inspired Axelrod, Hamilton and many others 
to explore the origin and evolution of cooperative 
behaviours in greater depth. Today, besides reciprocity 
and kin selection, mutualisms of various kinds are also 
considered to be important factors promoting group 
living in animal societies 

Culture and the Darwinian paradigm 

It appears then that the Lockian blank slate is a mythical 
construct. However, the Darwinian paradigm was rejected 
by many anthropologists and social scientists such as 
Franz Boas and Emile Durkheim of the eai*ly twentieth 
century. According to their view, human behaviour was 
not subject to natural selection and could not be analysed 
from an evolutionary perspective. Margaret Mead, trained 
in the Boasian tradition, studied adolescence and sexual 
behaviour in a group of Pacific islanders on Samoa and 
found striking contrasts with Western society. She made 
a strong case for cultural determinism and asserted that 
there could be no universal view of the inner workings 
of human societies"*\ It was later found that the Darwinian 
paradigm does form a framework for Samoan society 
and that Mead was unable to make cross-cultural 
generalizations because of her anti-evolutionai*y perspec- 
tives-'^. Perhaps the difference between the cultural 
determinists and the Darwinists is just a matter of time 
frame^^. At a proximal level an individual’s behaviour 
is determined by the culture in which he was raised, 
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but from a teleonomic perspective, it is individuals who 
determine their culture in evolutionary time. 

Natural selection can act on any self-replicating entity, 
even behavioural rules or cultural elements called 
memes^*. Although the transmission of genes is well 
understood, theoretical analysis of the cultural trans¬ 
mission of memes is still at an early stage and is 
considerably more difficult to model because of the 
vertical and horizontal transmission of memes and the 
potential uncoupling of genetic and cultural evolution^‘^~^^ 
It seems logical, however, that the fitness of memes 
that have strong survival value for the individual carrying 
them should in general be correlated with the genetic 
fitness of individuals. 

Cognition, learning and evolutionary ethics 

Game theory has provided insight into evolutionarily 
sucesssful behavioural strategies. However, in the real 
world, what sort of mental tools would humans and 
other animals need to be able to find and employ the 
most successful rule? The first prerequisite is the ability 
to make causal inferences, that is, to be able to relate 
cause and effect. The many studies done on conditioning 
in ‘lower’ animals like rats and pigeons have shown 
that this tool is well developed. Another prerequisite is 
the ability to classify information so that stimuli which 
are slightly different from earlier ones but have the 
same general characteristics can be perceived as leading 
to similar effects. This ability of associative learning 
has major survival implications in social contexts, 
because in the real world a potential bully may come 
in different shapes and sizes. Pigeons and chimpanzees 
can associate various levels of complexity of the same 
type of stimulus with the appropriate response^ The 
next and probably the most important prerequisite, 
especially in a long-lived animal, is the ability to store 
and retrieve information from memory. The memory of 
sensations felt long after a particular behaviour, the 
recollection of the context of the act, and the long-term 
retention of the identity of the interactant will ensure 
appropriate behavioural responses. Cheats can then either 
be punished^^ or ignored, altruists can be favoured and 
unconditional cooperators can be exploited for individual 
benefit. Vampire bats have been experimentally shown 
to exhibit reciprocal altruism involving long-term memory 
of the identities of interacting bats^"^. 

Man’s closest living relatives are the great apes 
(orangutans, gorillas and chimpanzees) and primatologists 
have long known that primate societies are complex and 
dependent on the establishment and nurturing of many 
complex social relationships^^'^^’. In 1976, Humphrey 
postulated that ‘individual intelligence’ in primates should 
be positively correlated with ‘social complexity’ 
Enhanced behavioural skills also require enhanced 


behavioural equipment in the form of complex neuronal 
circuitry for computation and storage. Consequently, the 
neocortex is well developed in primate brains. The 
neocortex has been added on to the ‘old’ or reptilian 
brain in evolution and constitutes about 60% of total 
brain volume in Old World monkeys, 70% in chimpan¬ 
zees and 80% in humans. Andrew Whiten and Richard 
Byrne formulated the Machiavellian intelligence hypothe¬ 
sis (a contemporary version of Humphrey’s social 
intelligence hypothesis) according to which primate 
intelligence and associated neocortical changes evolved 
in the context of the challenges posed by social cir¬ 
cumstances^'^. Neocortical size within haplorhine primates 
(monkeys and apes) has been shown to be positively 
related to social group size after controlling for the 
effects of phylogeny and overall brain size^^ Interest¬ 
ingly, diurnality and frugivory are also important inde¬ 
pendent correlates of neocortical size and this, probably 
suggests a strong relation between visual perception and 
social cognition^^~‘^” Efforts to rigorously define ‘social 
complexity’ are needed and are On-going‘S 
In addition, a ‘theory of mind’ (ToM) could also be 
involved in the development of complex behaviours in 
great apes like the chimpanzee‘s^. An individual is said 
to have ToM or to mindread if it acts as if it understands 
that other individuals have mental states and if it is 
able to interpret these states in the appropriate context 
and intentionally modify its behaviour accordingly^^ 
Behaviours originating from ToM are, therefore, different 
from purely reflexive behaviours or those originating 
from simple conditioning a la Skinner. So far, only 
humans are unquestionably regarded to possess ToM 
while naturalistic observations of potential mindreading 
abilities in the great apes^^^'^^^ and the bottle-nosed dol¬ 
phin^’, need rigorous experimental scrutiny. One type 
of argument for ToM in great apes involves autistic 
human children. Autistic children (and normal children 
below the age of 3-4 years) are thought to be mindblind 
(i.e. to possess no ToM)^^^^. Autistic children are often 
socially impaired while great apes exhibit considerable 
social abilities. Therefore, by comparison, it is argued 
that it should not seem unreasonable to attribute ToM 
to great apes based even on the naturalistic observations^^^. 
The great apes are even thought to be capable of tactical 
deceit^’^’‘*^’‘^^. Yet, whether monkeys and apes can indeed 
intentionally manipulate the minds of interactants is still 
to be completely validated experimentally as these be¬ 
haviours could also be parsimoniously interpreted as 
resulting from trial-and-error learning‘^^“^‘^ 

Does the human animal possess unlimited cognitive 
abilities or does it face any cognitive constraints in the 
development of behaviour? In 1966, Peter Wason devised 
the Wason Selection Task which used alphabets and 
numerals to investigate the power of logical reasoning 
in humans. The psychologists Leda Cosmides and John 
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Tooby modified the Wason Selection Task and couched 
the same logical problems in social contexts; the alphabets 
were changed into people and the numerals into their 
ages or habits^‘^ The results were striking. Human sub¬ 
jects fared much better in the Cosmides-Tooby modified 
version than in the original Wason test and better still 
if the test featured situations requiring the detection of 
cheats^*’^l Experiments such as these are revealing that 
the human mind has evolved to interpret social situations 
rapidly and accurately, and that human cognitive abilities 
are designed within the framework of specific social 
domains rather than within abstract contexts. 

Is man then, a prisoner of his past? What of free 
will? What forces influence man’s behaviour today? The 
answer may be both glaringly simple and tortuously 
complex. Yes, man has an ‘old’ mind shaped by the 
ancient history of his genes and a ‘new’ mind subject 
to new experiences, and influenced by superior cognitive 
abilities resulting in advanced forms of learning, ration¬ 
alization and even self-awareness. Nature combines with 
nurture to give each individual a unique answer to his 
own particular social situation. Therefore, man is ‘free’ 
because he is confronted with an array of choices at 
every stage and he can select any of these choices 
within the constraints of ‘real’ or ‘perceived’ self-interest, 
and within the limits of his own biological and cultural 
potential. Many humans profess to perform altruistic 
acts not in the hope of future repayment in this life 
but from the perception of an expected reward in an 
after-life. However, if such acts are unlinked, even 
unconsciously, to expectations of some reward in this 
life, for example an elevation in social hierarchy, and 
are therefore not performed to alter the balance and 
outcome of social relationships ultimately leading to an 
increase in individual and inclusive Darwinian fitness, 
then and only then are they truly altruistic. Such acts 
would go against the concept of individual fitness, but 
would be a manifestation of man exercising his free 
will. Yet if such freedom involves a countering of the 
evolutionary canon of self-interest, can ‘ethical’ man 
ever be truly free? 

There can thus only be a bewilderment in man as he 
watches the leviathan of natural selection in action, and 
as he looks both forwards into the future and backwards 
into his past. This is the cost of self-awareness. How 
manifold the ultimate benefits of the human mind remains 
to be seen. 
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Chaotic dynamics of some quantum 
anharmonic oscillators 


P. K. Chattaraj*, S. Sengupta and A. Poddar 

Department of Chemistry, Indian Institute of Technology, Kharagpur 721 302, India 


Quantum domain behaviour of classically chaotic 
systems is studied using the quantum theory of motion 
in the sense of classical interpretation of quantum 
mechanics as developed by de Broglie and Bohm. 
Dynamics of quantum Henon-Heiles oscillator, Bar- 
banis oscillator and CTW oscillator are analysed with 
the help of quantum Lyapunov exponent and Kolmo- 
gorov-Sinai entropy defined in terms of the distance 
between two initially close Bohmian trajectories. Stand¬ 
ard diagnostics of quantum chaos like autocorrelation 
function and the associated power spectrum, nearest- 
neighbour spacing distribution, phase space volume, 
spectral rigidity, etc, support these results. Quantum 
theory of motion provides an alternative route for 
understanding quantum chaos. Nonlinear dynamics of 
integrable systems in quantum domain is also properly 
taken care of within this framework. 


Of late, the quantum domain behaviour of classically 
chaotic systems has seen a great upsurge of interest'”^. 
Quantum dynamics of anharmonic oscillators like Henon- 
Heiles system has been studied^"*‘^ extensively for this 
purpose. Wave packet dynamics^“^^ has been shown to 
be appropriate in analysing quantum manifestations of 
classical regular or chaotic dynamics. Various quantities 


*For correspondence, (e-mail: pkcj@hijli.iitkgp.ernet.m) 


which reveal the signatures of chaotic behaviour of a 
quantum system can be calculated once the wave packet, 
0, is obtained at different time steps as a solution 
to the pertinent time-dependent Schrodinger’s equation 
(TDSE), viz. 



fd^ 

a' ^ 

- 

2m 

dx^ dy^ 


*- 

V 


- 




dt ’ 


0 ) 


where the potential V for a generalized Henon-Heiles 
system takes the following form, 


V' (x, y)=^ + By^) + A 





( 2 ) 


In eq, (2) A is a parameter which measures the degree 
of nonlinearity and nonintegrability and may be treated 
as a time-like quantity^^'^^ In the conventional Henon- 
Heiles potential A = ^= 5 = C=1 andZ) = -]. However, 
it is not sacrosanct that one has to resort to the value 
of A as unity only. In fact one can either take A = 1 
and vary , or set H = 1 and vary A to obtain similar 
results, viz. the system in higher energy levels exhibiting 
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chaos while lower energy levels are similar to those of 
independent harmonic oscillators*\ This problem involves 
two parameters, A and fi . While A is a classical parameter 
of nonlinearity, fi takes care of the quantum aspects. 
In the classical limit, fi goes to zero and in this limit 
one recovers the classical regular or chaotic behaviour 
of the corresponding quantum system. But one cannot 
vary fi and A simultaneously because the generalized 
Henon-Heiles Hamiltonian needs three physical con¬ 
stants, viz. mass, frequency and length in order that it 
represents a real nonlinear system‘\ Hence, the parameter 
A now fixes the length scale as it varies inversely with 
length and it no longer provides the strength of nonlinear 
coupling between the motions along x and y directions. 
Oscillators having the same generalized potential form 
(eq. 2 ), which have been studied for various purposes, 
include a) Harmonic oscillator: A = B=l, A=0; b) 
Henon-Heiles oscillator: A^^O, A=B = C=l and 
Z) = - 1 ; c) Barbanis oscillator^^’: A^^^O, /t=i5 = C= l and 
D = 0, and d) Chang-Tabor-Weiss (CTW) oscillator^^: 
A^i^O, A = C= 1 , B = D=]6, It may be noted that a is 
linear, b and c are both nonlinear and nonintegrable 
and d is nonlinear but integrable. Making use of T (r, t) 
from eq. ( 1 ), chaotic dynamics of a Henon-Heiles system 
has been analysed^ in terms of phase space trajectories, 
autocorrelation function and the associated power spec¬ 
trum as well as the volume of the phase space. Short- 
and long-range correlations have also been studied^^ via 
the behaviour of nearest-neighbour spacing distribution, 
Pis), and spectral rigidity-'^ A 3 , Another recently devel¬ 
oped approach of analysing quantum chaos is through 
quantum theory of motion (QTM)^“ in the spirit of the 
causal interpretation of quantum mechanics as introduced 
by de Broglie^* and Bohm^^. Quantum fluid dynamics 
(QFD) of Madelung^-^ has also been used for this pur¬ 
poseQuantum standard map^"^, Weigert’s quantum 
cat xnQ.p^\ Rydberg atoms in external fields^*^ and a 
quantum Henon-Heiles oscillator’^ have been studied 
successfully using QTM. Quantities calculated for this 
purpose - phase space distance function and the 

associated Kolmogorov-Sinai (KS) entropy, de Broglie 
wavelength and a return map. To our knowledge QTM 
has been used for the first time in the current work in 
analysing the quantum domain behaviour of a nonlinear 
integrable oscillator. This study may suggest whether 
QTM can be applied in understanding the nature of 
‘quantum solitons’. 

In the present paper we study the dynamics of four 
types of quantum oscillators mentioned above (cases 
a-d) in teiTns of QTM. For comparison we also calculate 
survival probability (autocorrelation function) and the 
corresponding power spectrum, phase space volume, 
nearest-neighbour spacing distribution (NNSD) and spec¬ 
tral rigidity. Theoretical background of the present work 
is presented in Section 1 while Section 2 describes the’ 

CURRENT SCIENCE, VOL. 74, NO. 9, 10 MAY 1998 


necessary numerical details. Section 3 contains the results 
and discussion. The salient features of the present study 
are summarized in Section 4. 

1. Theoretical background 

In quantum theory of motion the complete description 
of a physical system involves both wave and particle 
pictures. The wave motion is governed by the solution 
of the TDSE eq. (1). For a given initial position, the 
motion of a point particle guided by this wave is 
represented by the velocity 

V5(r,f)U,,, (3) 

where S is the phase of the wave function as appeared 
in its polar form as follows: 

T (r, t)-=R (r, t) exp [iS (r, t)/fi ] . (4) 

Now, an ensemble of particle motions guided by the 
same wave can be constructed by varying initial positions 
in such a way that the probability of the particle being 
in this ensemble between r and r -f- dr at time t is given 
by^“ p (r, t) dr, where p (r, r) is I T (r, t) P. Solution of 
eq. (3) with various initial positions would yield the 
so-called ‘Bohmian trajectories’. In order to study the 
quantum signature of chaos through sensitive dependence 
on initial condition a phase space distance function 
can be defined as 

Z) it) = [(x,it) - x,it))^ + (y,(0 -- y,it)f 

+ (P, it) -P, (0)^ + (Pv (0 -P, (r))^ ] (5) 

where ix,p^,y,p^) refer to a point in phase space. 

A generalized quantum Lyapunov exponent can also 
be defined as follows^'*’^*’ in the same spirit as in classical 
dynamics, 

A= lim - In [£»(f)/D(0)] . ( 6 ) 

Corresponding KS entropy has also been defined as^"^"’'' 

A ^>0 

It has been stated that*^"^, ‘Quantum dynamics is chaotic, 
if in a given region of phase space the flow of trajectories, 
according to the Hamilton-Jacobi formulation of quantum 
mechanics, has positive KS entropy’. 

Other well-known quantities used to identify chaos 
and analysed in the present work are now briefly men¬ 
tioned, Autocorrelation function is given as^’“^’ 
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C(f) = imr,0)l'P(r,f))l, 


(8) 2. Numerical solution 


and the corresponding power spectrum is obtained as 
the following Fourier transform: 


I{E) = 


i j C (r) d( 

0 


(9) 


Sharp decay of C(t) and existence of many closely-spaced 
lines in its power spectrum generally signal a chaotic 
dynamics^. 

Phase space volume is defined as* 


Vp, (0 = [<(^ - (x)?) ((p, - W) <(y- 


The numerical solution starts with the propagation of a 
Gaussian wavepacket under theinfluence ofthepotential 
corresponding to a given oscillator. For this purpose the 
pertinent TDSE eq. (1) is solved to monitor the temporal 
evolution of 'F (r, 0 using a Peaceman-Rachford type 
finite difference algorithm^^'^. The formal solution to 
TDSE eq, (1) can be written as^"'^ 

'F (X, y, t) = exp IH At) (x, y, / = 0), (15) 

where H is the Hamiltonian operator and t = 2m = 1. 
The Cayley form of the unitary approximation to eq. 
(15) can be written as-"'^ 




( 10 ) (1 - idx^/€) ^ = (1 + idyVe) , (16) 


A sharp increase in V^^{t) implies chaotic motion^. This 
quantity is same as the associated uncertainty product 
which can be used as a measure of quantum fluctuations^’. 
Classical chaos generally enhances quantum fluctua- 
tions^’’"^’. 

Quantum domain behaviour of classically chaotic sys¬ 
tems is studied in terms of short-range and long-range 
correlations of the eigenvalues“‘^’^^’^‘'^. For study of the 
short-range correlations, generally nearest-neighbour 
spacing distribution, Pis) is used as a diagnostic. For 
a classically chaotic system the level statistics is Wigner 
in nature\ i.e., 


P^(,y) = Y exp 



( 11 ) 


where 1 < / < L, 1 < m < M, = 'F ((1 ~ 1 ) 

(m-l)Ay, nAt), e-2Ax^/At, <l> is an intermediate 
function and Sx^ and (5/ are central difference operators 
in x and y directions respectively^"''. The details of the 
numerical technique are available elsewhere*^"''. The nu¬ 
merical algorithm used here is stable'^^' because of the 
presence of i = V- 1 . As a further check of the numerical 
accuracy of the scheme we have verified the conservation 
of the norm and the energy as well as the reproduction 
of the initial wave packet through forward propagation 
up to the end of the simulation followed by back 
evolution‘s. 

The boundary conditions for this problem are as 
follows 

'F(±oo,y,f) = 0 (17a) 


while a Poisson distribution is obtained for the corres¬ 
ponding integrable counterpart^, viz. 

Pp is) = cxpi-s) ( 12 ) 

where s is the gap between the two nearest energy 
levels properly normalized in order to have uniform^^ 
mean density of those levels^^’^*. On the other hand, the 
long-range correlation"* is understood in terms of the 
spectral rigidity, A^L) for an energy interval L, For a 
system exhibiting chaos in the classical domain, a Gauss¬ 
ian orthogonal ensemble (GOE) represents the corre¬ 
sponding A 3 behaviour^ 

(L) = ^ log (L) - 0.00695, (13) 

while Poisson behaviour is observed for the classically 
integrable systems, 

A>;(L) = ^. (14) 


'P(jc,±<«,/) = 0 


(17b) 


The initial condition, however, has been chosen 
depending on the problem concerned, viz. 
cases a, b, c: 


,1/2 


^<(x,y,t = 0) = 


71 V? 


xexp 


( 1 




(18a) 


case d: 

'P(jt,y,r = 0) = 


(—] 

Jt 

\ 


\/l 


X exp ^ [(j: - + 4 (y - 


» 

(18b) 
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Mesh sizes adopted are Ax = A>> = 0.1, Ar = 0.02. Cal¬ 
culation is carried out for ~ 6 <x, >? < 6 and for 2.5 x 10"^ 
time steps. 

Once we know T {x, y, t) we can rewrite eq. (3) as 


f=- V5(r,r)U^^„ = Re 




(19) 


which can be solved with different initial conditions to 
obtain ‘Bohmian trajectories’. Here we have used a 
second order Runge-Kutta method. While case a has 
zero X value, for all other cases X has been taken^ as 
0.1118034. Three initial positions^ have been considered, 
viz. (1.36719, 1.36719) for cases a and b and (2.929688, 
1,953125), (1.25, 0.5) for cases c and d respectively. 

3. Results and discussion 

Temporal behaviour of the distance function D is depicted 
in Figure 1. Unless otherwise specified, figures a to d 



Figure 1. Time evolution of phase space distance, D for (a) harmonic 
oscillator with = 1.36719, >'(,= 1.36719, (b) H6non-Heiles oscillator, 
with 2 = 0.1118034 and a'(,= 1,36719, >'(j= 1.36719, (c) Barbanis oscil¬ 
lator, with 2 = 0.1118034 and Xjj = 2.9296S8, >'(, = 1.953125, (d) CTW 
oscillator, 2 = 0.1118034 and a:(,= 1 . 25 , V(, = 0 . 5 . Figures a and b are 
presented together as is the case with Figures c and d. ’ 


represent cases a to d respectively. Initial very small 
value of D does not change with time for the harmonic 
oscillator (case a). For the classically chaotic cases, viz. 
Henon-Heiles (case b) and Barbanis (case c) oscillators 
D oscillates and becomes very large at times. It is 
heartening to note that the integrable CTW oscillator 
(case d) maintains its initial small value. 

Figure 2 presents the associated KS entropies, H, As 
expected, H increases and then levels off to a small 
value for classically integrable cases (a and d) and 
increases abruptly to a large positive value for the 
classically chaotic cases (b and c). It is transparent from 
this study that two initially (f=:0) nearby ‘Bohmian 
trajectories’ remain close to each other for integrable 
cases and diverge rapidly in case of classically chaotic 
systems. Thus, QTM provides an alternative route in 
analysing ‘quantum chaos’, especially the quantum 
domain behaviour of a classically chaotic system. The 
QTM of the CTW system in the present study has 
confirmed that D and H do not exhibit any spurious 
nonlinear behaviour (cases b and c) as a numerical 
artifact as it does not show any chaotic signature in D 




Figure 2. Time evolution of KS entropy, H for cases a-d Figures 
a and b are presented together as is the case with Figures c and d. 
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and // for a highly nonlinear system whose actual 
dynamics is nonchaotic (case d)* In Figures 1 and 2 
we have demonstrated the temporal behaviour of D and 
H associated with the time development of an initial 
(^ = 0) Gaussian wavefunction. Recently two of us^^ have 
noticed in the context of the QTM study of quantum 
chaos in Rydberg atoms in an external oscillating electric 
field that the behaviour of D and H can differentiate 
between a regular and a chaotic system even in case a 
non-Gaussian initial wavefunction is used. 

Autocorrelation functions, C{t), and corresponding 
power spectra /(£), are shown in Figures 3 and 4 
respectively. Since the behaviour of any quantity in the 
two nonintegrable cases (b and c) is more or less similar 
as is also the. case with the two integrable systems (a 
and d) we present one plot from each category (a and 
c) in Figures 3 to 5 although we comment on all four 
cases. For the cases a and d relatively high C{t) values 
designate a high degree of correlation unlike in two 
other cases. Plots of '1{E) mimic this behaviour through 
a relatively simple spectra with a small number of lines 
in integrable cases and a large number of peaks in the 
nonintegrable cases. 

In Figure 5 we present the phase space volume, 

It clearly demonstrates that value remains small all 




0 1 00 200 ^ 300 400 500 


Figure 3. Time evolution of autocorrelation, C for cases a and c. 
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throughout for case a (and also d) but increases abruptly 
to a high value for case b (and also c). This behaviour 
is in conformity with that obtained by other workers 
in different contexts^^. Thus classical chaos enhances 
quantum fluctuations. 

The nearest-neighbour spacing distribution, P{s) is 



0.00 10,00 20.00 30.00 

E 


Figure 4. Power spectra, llB) for cases a and c. 



Figure 5, Time evolution of phase space volume, for cases a 
and c. 
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Figure 6. Nearest-neighbour spacing ciislribulion, F(s) as a function 
of the spacing between consecutive energy levels s. Only case c is 
presented. 

shown in Figure 6. For comparison we also plot the 
analytical Poisson and Wigner functions. Plots of P(s) 
and A^(L) for the integrable cases are not presented 
because they are standard and available elsewhere^^’^^. 
For two classically chaotic cases (b and c) the behaviour 
of P(s) is more Wigner-like while cases a and d (not 
presented here), although integrable, do not exhibit a 
Poisson-like statistics, a fact already noticed by Berry 
and Tabor"^' for harmonic oscillators. It may be noted 
that a small number of energy levels in the integrable 
case also causes impediments towards a statistical 
analysis. 

Figure 7 depicts the spectral rigidity, A^(L) computed 
from the energy level spacings of the systems under 
consideration. The results are compared with the ana¬ 
lytical A3 curves for Poisson and Gaussian orthogonal 
ensembles (GOE). Classically chaotic cases (b and c) 
follow the analytical A3 curve for GOE and hence bear 
the signatures of classical chaos in quantum domain. 
However, cases a and d (not presented here) for the 
integrable oscillators although markedly different from 
the other two cases do not exhibit any clear-cut Pois¬ 
son-like distribution probably due to the small number 
of energy levels in these two cases. 


4* Summary 

Quantum domain behaviour of classically chaotic systems 
can be studied through a causal interpretation of quantum 
mechanics. In this paper the nature of ‘Bohmian trajec¬ 
tories’ generated within the purview of the quantum 
theory of motion has been analysed. Phase space distance 
function and the associated KS entropy clearly reveal 
the difference between classically chaotic and integrable 
systems. Henon-Heiles and Barbanis oscillators bear the 
signature of classical domain chaotic dynamics whereas 
harmonic and CTW systems show markedly different 
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Figure 7. Spectral rigidity, A 3 (L) us a function of energy interval L. 
Only case c is presented. 

behaviour indicating the corresponding integrable nature. 
The QTM has reproduced the integrable nature of a 
quantum variant of the CTW system. Traditional meas¬ 
ures of understanding ‘quantum chaos’, viz, autocorre¬ 
lation function, power spectrum, phase space volume, 
nearest neighbour spacing distribution and spectral ri¬ 
gidity provide additional support towards identifying a 
classically chaotic system in the quantum domain. 
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Thermal diffusivity measurements m sea 
water using transient thermal lens 
calorimetry 

C. V. Bindhu, S. S. Harilal*, V. P. N. Nampoori and C. P. G. Vallabhan^ 


Laser Division, International School of Photonics, Cochin University of 
♦Department of Physics, Sree Narayana College, Punalur 695 305, India 


Pulsed dual beam thermal lens method is utilized to 
determine the thermal diffusivity of sea water. A 
frequency doubled Q-switched Nd : YAG laser is used 
as the heating source and an intensity stabilized He-Ne 
laser to probe the transient thermal lens signal decay. 
The thermal diffusivity values of the sea water are 
found to vary with the salinity of seawater. 


There has been renewed interest in recent years for 
developing new laser-based methods of determining the 
thermal conductivity and thermal diffusivity (D) of 
materials of different kind'"^. This is mainly as a result 
of the rapid advances in materials science and the highly 
sensitive techniques using lasers for measurement of 
material properties. Despite its being a derived quantity, 
D is of considerable interest in heat flow studies, as it 
determines the rate of periodic heating or transient heat 
propagation through the medium. Besides its intrinsic 

^For correspondence, (e-mail: photomx@md2.vsnl.net.in) 


Science and Technology, Cochin 682 022, India 

physical interest, the importance of D is due to the fact 
that like the optical absorption coefficient, it is unique 
for each material. This can be appreciated from the 
calculated values of D presented by Touloukian et al.^ 
for a wide range of materials, A knowledge of D of a 
material can be used to calculate thermal conductivity 
data. There are a number of presently existing steadystate 
and nonsteadystate methods of measuring thermal pa- 
rameters^’'^ However, there is some dissatisfaction with 
the length of time required to make reliable measure¬ 
ments, and in some cases, the large sample sizes required 
by these techniques impose intolerable limitations. 

Methods based on photothermal effects are eminently 
suited for the measurement of thermal properties of 
materials. Most noncontact measurements are based on 
photothermal techniques utilizing modulated or pulsed 
laser beams for the determination of thermal diffusivi- 
ties*'^’*'. Methods based on photothermal phenomena like 
photoacoustic effect, photothermal refraction and thermal 
lens (TL) techniques can be effectively utilized for 
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material characterization and nondestructive evaluation. 
Among the various photothermal spectroscopic methods 
based on the thermal relaxation of excited species, TL 
spectroscopy has appeared to be very sensitive and 
powerful’^-''^. The TL technique can also be effectively 
utilized for multiphoton absorption studies, deteiinination 
of absolute fluorescence quantum yield, and for moni¬ 
toring certain slow chemical reactions‘^"‘^. The sensitivity 
of this technique is higher than that of the conventional 
transmission and reflection techniques because in the 
fonner the absorbed energy is measured directly. In fact, 
this effect can be observed using moderate laser inten¬ 
sities in media with absorption coefficient as low as 
10"^ cm'‘. 

The themaal characteristics of the sample may be 
expected to affect the nature of the signal observed, 
and this is particularly so with the diffusivity of the 
sample. The refractive index gradient diminishes with 
time and so does the TL signal. By monitoring this 
transient TL signal, D can be determined. The work of 
Gordon et on the thermo-optical effect in a liquid 
provides a basis for linking the rate of dissipation of 
the TL signal to a quantitative measure of D, 

The optical and themnal properties of sea water are 
the basic building blocks of the physical and chemical 
oceanography. Even though, a few reports are available 
on the optical properties of the sea water^^’’~’, there is 
little understanding of the thermal properties of sea 
water. In this paper we report the D measurements in 
sea water using TL method. The upper surface of the 
sea is being heated by Sun’s rays. During night, the 
upper layers get cooled down mainly due to heat con¬ 
duction to lower layers. The temperature at the sea 
surface is determined by the rate of heat diffused from 
the upper layers to the deeper region and vice versa. 
Thus, we have carried out these measurements in different 
samples of sea water taken from different depths of 
sea. These results are compared with those obtained 
from artificial sea water. Thus a knowledge of D of 
sea water is of great importance in the field of oceano¬ 
graphy. 

Experimental set up 

The schematic diagram of the experimental set up is 
shown in Figure 1. The 532 nm radiation from a fre¬ 
quency-doubled Q-swithed Nd : YAG laser (Quanta ray 
OCR 11, 9 ns pulse width, maximum energy llOmJ, 
repetition rale 10 Hz) was used as the pump beam. The 
probe laser used was the beam from an intensity stabilized 
He-Ne laser that produces linearly polarized TEM^^o 
beam. The pump and probe beams are combined by 
using a dichroic mirror and made collinear by carefully 
adjusting the optical components in the x, y, z planes. 
In our set up the experiment is performed on a vibra- 
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tion-free table so that their is minimum error due to 
stray vibrations. Also the sample cuvette, the beam 
splitters as well as the detector are mounted on XYZ 
translators which can be aligned with very high precision. 
The collinearity of the pump and probe beams is ensured 
by z-scan method. The sample cuvette is aligned along 
the beam path and a position is selected where the TL 
signal is maximum. The pump beam was focused by a 
convex lens of focal length = 25 cm into a 0.5 cm quartz 
cuvette containing the sample. The probe laser was 
focussed by a convex lens of focal length /= 20 cm. 

As the 532 nm radiation was passed through the 
sample, the molecules absorb some of the incident energy 
and get excited to higher energy levels. The subsequent 
deexcitation process can occur radiatively or nonradia- 
tively. It is the nonradiative part that gives rise to TL 
formation. The resulting refractive index gradient follows 
the intensity distribution of the exciting pump beam. 
This causes the intensity in the centre of the probe 
He-Ne laser beam to fluctuate and this variation in the 
probe beam intensity is detected as the TL effect (see 
Figure 1). In the present work the intensity of the center 
portion of the transmitted probe beam was detected by 
using an optical fiber where the optical fiber also serves 
as the limiting aperture. The output ot the optical fiber 
is detected by a photomultiplier tube that was coupled 
to a Mc-Person monochromator which further filtered 
out the scatterings of the excitation beam. The time-de¬ 
pendent lens signal is processed with a 200 MHz digital 
storage oscilloscope. All the measurements were made 
at 22°C. 

Results and discussion 

In the case of pulsed laser excitation, the pulse width 
of the heating laser is small (~ 10 ns) and the rate of 
the radiationless transition is fast compared to the decay 
rate of the TL effect. The signal strength reaches the 
maximum value instantly and decays with a characteristic 



Figure 1. The pulsed thermal lens set up used in tliis experiment 
(MPA — monochromator-PMT assembly, DSO —digital storage oscillo¬ 
scope). 
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time constant. The pulsed TL system has distinct ad¬ 
vantages with respect to large enhancement factor and 
its background substruction capability. Quantitative ana¬ 
lysis of the TL formation are given by Twarowski and 
Kliger^^ with experimental verifications. 

The focal length / of the induced TL by pulsed laser 
irradiation is given by^^ 


I 

f 



( 1 ) 


where is the steady-state focal length, n, number of 
photons absorbed in each transition and is a charac¬ 
teristic time constant defined as: 



( 2 ) 


where co is the beam radius of the medium. Here 


1 _4lDNahvHrr di] f 2'^^ 


where D-k/pc, H = j P(jt) d^; /, the thickness of the 
TL; N, molecules per^ cc; k, thermal conductivity; p, 
density; c, specific heat;;/ refractive index of the medium; 
V, frequency of the pump beam; P{t) pulsed laser power 
as a function of time; co, beam radius; J, Joule's constant; 
a, cross section for n photon absorption and n, number 
of photons absorbed. Since the temperature coefficient 
of the refractive index is negative for most liquids, the 
eqns. (1) and (2) predict that the TL will be divergent. 

The transient TL signal can be expressed by 


4 -/ 

5 = = 5,^0 


where 




where L, 4 , 4 are the steady state TL signal, signal at 
time t = 0 and signal at t respectively. 

The characteristic time constant is related to D and 
beam radius (a>) through the relation: 


To eliminate the uncertainty in the determination of 
beam radius, a reference sample with known D is used 
to determine the D of the unknown sample. In our case 
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water was used as the reference sample. Thus, 


^ water 



( 7 ) 


The time dependence of the lensing phenomenon gives 
a detailed account of the thermal history of the sample 
medium. Clearly the magnitude of the TL effect depends 
on the competition between the rate of creation of the 
lens and the rate of decay of the lens, and these are 
related to the D of the medium. 

Using the present set up, the thermal diffusivities of 
acetone and ethylene glycol were determined with water 
as the reference to confirm the validity of the present 
experimental scheme. The values obtained in the case 
of acetone (1.07 x 10 "'’cmVs) and ethylene glycol 
(9.65 X lO'^^cmVs) agree well with corresponding re- 
ported^^’-^ values of these (A.,etone== 10 "^cmVs and 
7^e«yco,= 9.71xl0-^cmV^^^ 

In steady-state experiment, care has to be taken to 
avoid the effect of convection. However in the present 
case the thermal gradient developed is axially symmetric 
about the pump beam. The laser pulse duration is ~ 10 ns 
and the thermal relaxation times are much smaller com¬ 
pared with time scales for microconvection. Hence in 
the development of TL theory it is assumed that thermal 
conduction is the most dominant mechanism of heat 
dissipation. Moreover, it has been observed that effect 
of convection in liquids begins to appear at higher pump 
power level-4 Therefore, the present measurements were 
performed at low power levels at which effect of con¬ 
vection is negligible. 

The samples of sea water were collected from the 
Arabian sea at a distance of 100 km away from the 
shore of Cochin in the summer season. The sample 
collection was made upto a depth of 300 ft from the 
sea surface. 

We performed D measurements in sea water samples 
using the pulsed double beam TL technique. The sample 
was taken in a quartz cuvette. Trace amounts of dye 
rhodamine 6 G were added to increase the absorption of 
the pulsed laser beam, thereby increasing the TL signal 
intensity. This level of impurity does not affect the 
solvent thermal conductivity, since adding trace amounts 
of dye affect only the optical properties and not the 
thermal properties of the solvent. Thermal lens signals 
were obtained from water and different samples of sea 
water. Typical TL transient for water and sea water are 
given in Figures 2 a, b. 

Eqn (4) leads us to the prediction that a plot of 
will be a linear function of time. Verification of 
this prediction is shown in Figure 3. From the slope 
and intercept, the value of n/t^ can be determined. One 
can determine the value of n from measurements of the 
dependence of TL signal on laser energy E of the pump 
laser pulse, using the relationship ‘‘4 
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-p" oc E'^. (8) 

The variation of TL signal with laser energy for all 
the sea water samples studied showed a linear depend¬ 
ence, suggesting one photon absorption (n=l). From 
these measurements we calculated the values of char¬ 
acteristic time constant, corresponding to each sample. 
We have verified measured with theoretical fit using 
eqn (4). The smooth curve obtained in Figure 2 gives 
such a theoretical fit, which has been obtained using 
eqn (4) taking from the slope and intercept of the 




Figure 2. Transion? ilocay curve nioasurcd by pulsed liiermal lens 
technique for {a) water and (/>) sea water sample (300 ft). The points 
in the figures represent the experimental datas. The solid curves 
represent the theoretical fit obtained using eqn (4). The theoretical fits 
were made with measured values of obtained from figure 3 

water ^ 45 ^^scawaic. „ 26 UlS). 
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linear plot (Figure 3), The agreement between the theo¬ 
retical and experimental data is good. Using pure water 
as reference with Z)= 1.43 x 10"^ cmVs, we calculated D 
for the different sea water samples. 

It is found that the D values of sea water vary with 
depth (Figure 4). The values of D decrease as the depth 
increases. The estimated D value for sea water at a 
depth of 30 ft is 3.65 x 10“^ cmVs and it is decreased 
to a lower value of 2.53 x lO'"* cm Vs at a depth of 
300 ft. We measured salinity and conductivity of the 



Figure 3. Typical linear plots of experimental data obtained using 
eqn (4). From the slope and intercept of these plots value of is 
evaluated. [•]-water and pj-sea water at a depth of 300 ft. 
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Figure 5. Variation of conductivity and salinity of sea water with 
depth. 
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sea water samples using salinity and conductivity meters 
respectively. The variation of these parameters with 
depth is shown in Figure 5. The salinity and conductivity 
values of these samples are found to decrease with 
increasing depth. Salinity does appear to be important 
in determining D. 

The thermal characteristics of sea water are subjected 
to regional and seasonal variations. The seasonal change 
in wind direction and consequent reversal of ocean 
currents, together with the abrupt change in the pattern 
of precipitation may contribute towards large variations 
in the annual surface salinity. In order to verify the 
results obtained in sea water samples, we carried out 
similar measurements in artificially prepared sea water 
sample solutions. We have prepared artificial seawater 
in accordance with the reported method of OtF^. The 
salinity of the artificial sea water was varied to study 
the effect of this parameter on D, The TL signal strength 
is maximum for the sample with highest salinity. A 
possible explanation for the TL signal enhancement upon 
increase in salinity is a change in the bulk refractive 
index which might alter the absorption coefficient of 
the solution. Figure 6 gives the variation of D with 
salinity of the artificial sea water. The D values obtained 
for artificial sea water also showed a similar trend with 
decreasing salinity. 

From Figure 5 it is seen that salinity varies only from 
34.1 to 31.6% and D varies from 3.7 x lO'^ cmVs to 
2.5 X 10"^ cmVs. On the other hand from Figure 6 for 
artificial sea water prepared in the laboratory, the vari¬ 
ation in diffusivity for a variation in salinity from 25 
to 20% is from 3.7 x 10"^ cmVs to 3.2 x 10“^ cmVs. Thus 
the D values for sea water and artificial sea water 
follow different trajectories. Obviously the exact chemical 
composition in terms of both organic and inorganic 



Figure 6. Variation of thermal diffusivity of artificial sea water with 
salinity. 

materials cannot be same in both the cases. It is also 
likely that sea water will contain some amounts of 
suspended matter and microorganisms. This is borne out 
by the fact that the absorption coefficient of natural sea 
water (filtered) is 11 x 10"^cm“\ while that of synthetic 
sea water is 8x 10'^cm"‘ at 532 nm (ref. 27). Hence it 
is to be expected that the thermal diffusion coefficient 
of sea water and its synthetic analogue should follow 
different trajectories with respect to variation in salinity. 

By comparing the above results with those obtained 
from the sea water samples, it is clear that the D values 
of the sea water decrease with decreasing salinity. It 
can be inferred that the upper parts of the sea contain 
more salt than the deeper regions. When the sea gains 
heat by the absorption of solar radiation, most of the 
heat is absorbed in the first few meters. Molecular 
conductivity could provide only a very slow transport 
of heat downwards and a steep temperature gradient 
would occur just below the surface. Evaporation of 
water from the sea surface by sun and wind leaves the 
water at the surface saltier. This result is in confirmation 
with the report that the salinity of sea water decreases 
with depth^l 

Conclusion 

Thermal lens technique is sucessfully used for obtaining 
the thermal diffusivity values. Thermal diffusivity values 
of sea water are found to vary with depth of the sea 
at which the sample is collected. The thermal diffusivity 
measurements in artificial sea water showed a decrease 
in the value of thermal diffusivity with increasing dilution 
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of the sample. Thus salinity does appear to be important 
in determining the thermal diffusivity. 

The thermal blooming technique offers a novel means 
of measuring thermal diffusivity. The method is simple 
and accurate. The obvious advantage of this method is 
that only small sample volumes are needed for making 
such measurements. Also, only a very short time is 
needed for the measurements and accurate results can 
be obtained with TL method. 
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Immunization against Leishmania 
donovani: Efficacy of Mycobacterium 
habana in combination with killed 
promastigotes in hamsters 

P. Shartna, Anuradha, J. K. Srivastava, H. P. Gupta^ 
and J. C. Katiyar 

Division of Parasitology and ^Microbiology, Central Drug Research 
Institute, Lucknow 226 001, India 

The efficacy of killed Leishmania donovani promas¬ 
tigotes in combination with Mycobacterium habana 
was assessed against L. donovani infection in golden 
hamsters. The prophylactic potential of the combined 
immunogens following challenge by L. donovani amas- 
tigotes was substantially enhanced (65.5%) as against 
any immunogen given singly. The specific humoral 
response to leishmania promastigote antigen, as 
assessed by enzyme-linked immunosorbent assay 
(ELISA), revealed elevated antileishmanial antibodies 
on day 20 post challenge (p.c.) in the unvaccinated 
challenged controls and the vaccinated groups receiv¬ 
ing either formalin-killed promastigotes (FKP) or M. 
habana. However, the level of antibodies was subdued 
in the group receiving combined immunization with 
FKP and M. habana. The cellular immune response 
(CMI) was studied by both in vivo (delayed type of 
hypersensitivity, DTH) and in vitro by macrophage 
migration index (MMI). There was substantial in¬ 
crease in DTH response to both sensitizing antigens, 
i.e. FKP and habanin, in animals immunized with 
combined immunogens (FKP+M habana). The MMI 
response in the animals receiving FKP + M. habana 
was 0.71 compared to unvaccinated challenged ani¬ 
mals (0.43). The immunization with L. donovani in 
combination with M. habana appears to hold promise 
in the containment of leishmania and needs further 
exploration. 

Visceral leishmaniasis (VL) is a chronic vexed problem 
of the tropical world afflicting about 15 million people 
across the globe with heavy morbidity and considerable 
mortality*. Vaccines are the ultimate, universally accepted 
preventive measures against several infectious diseases. 
The usage of vaccines avoid the problems of drug 
resistance and they are potentially safer, cheaper and 
more efficacious for the containment of diseases in the 
community”. 

Convit et al? have achieved significant protection 
against human cutaneous leishmaniasis following immu¬ 
nization with live BCG alohg with heat-killed Leishmania 
mexicana promastigotes. But this immunogen (BCG) has 
not been recommended as a mass immunizing agent for 
various reasons"^’^. Leishmaniasis and leprosy having 


♦For correspondence. 
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several common facets in pathogenesis and the progres¬ 
sion of disease could be cross linked for devising 
common strategy for their control. Since BCG has many 
drawbacks, the other immunogenic and nonpathogenic 
strain of Mycobacterium-M. habana (M. simiae 
Serovar-1), which is highly effective against M. tuber¬ 
culosis, M. leprae and M. ulcerans infections^'^ could 
also be beneficially explored as an alternative agent for 
immunization against VL. 

Encouraged with the findings of Convit et al?'^^\ the 
prophylactic potential of this organism (M. habana) was 
assessed in combination with formalin-killed promasti¬ 
gotes (FKP) against L. donovani challenge in hamsters. 

Laboratory-bred male golden hamsters (Mesocricetus 
auratus, 45-50 g) from the Institute’s animal house 
facility were used as the experimental hosts. The animals 
received standard rodent pellet (Lipton India Ltd.) and 
water ad-libitum, and were maintained in regulated light 
and temperature conditioned rooms. 

The WHO reference strain of L. donovani 
(MAN/IN/80/Dd8) was obtained in 1979 from Imperial 
College, London. The strain since then has been main¬ 
tained in this laboratory through serial passage (amas- 
tigote to amastigote) in hamsters. 

The formalin-killed promastigotes were used for the 
purpose of immunizing the hamsters and to evaluate 
delayed type of hypersensitivity (DTH) response in them. 
The viable promastigotes were harvested from L-15 
medium, washed thrice in PBS and killed by suspending 
in 0.1% formalin for 30 min at 37°C and kept at 4°C 
overnight*'. These formalin-killed promastigotes were 
washed thrice by centrifugation with PBS to remove 
excess of formalin, counted in a haemocytometer, 
resuspended in PBS at 1 xlOVO.l ml concentration and 
stored at 4°C until use. In order to ensure that formalin 
treatment killed all parasites, an aliquot from formalin- 
treated suspension was inoculated into culture medium, 
incubated at 26°C for 7-10 days and later examined 
microscopically for viability. 

This antigen was used in ELISA. The promastigotes 
were cultivated in L-15 medium (Gibco, USA), supple¬ 
mented with 10% tryptose phosphate broth (Hi Media, 
Bombay, India), 0.1% gentamycin (Biovaccines Private 
Ltd., Chevella, India) and 10% foetal calf serum (Bio¬ 
logical Industries, Halmelz, Israel)‘I The parasites were 
harvested by centrifugation at 2000 rpm for 15 min, 
washed three times with phosphate-buffered saline (PBS). 
and stored at -20°C until needed. Soluble somatic antigen 
was prepared according to the method of Choudhury et 
aC^ After assessing protein contents'^ the antigen was 
distributed in small aliquotes and stored at -70''C until 
use. 

Mycobacterium habana TMC 5135 (now M. simiae 
Serovar-1) having three strong markers-the photo- 
chromogenicity, strong niacin positivity and catalase 
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activity, was obtained from Trudeau, Mycobacterial Cul¬ 
ture Collection Centre, New York, It was maintained 
on Lowenstein-Jensen (L-J) medium. The organisms 
grown in liquid Sauton’s medium from two weeks upto 
the logarithmic phase were harvested and washed thrice 
(by centrifugation) with saline at 4°C. These were finally 
suspended at a concentration of 15 mg/ml (wet weight). 
The suspension was inactivated to sterility with 30 
megarads of gamma irradiation from 60 cobalt source 
at 300 K rads. Sterility of the irradiated vaccine was 
confirmed by absence of any growth upon inoculation 
on L-J medium and nutrient agar slants and were stored 
in suitable aliquotes at -20°C until use. 

The experiment involved four groups of hamsters. 
Three groups were immunized intradermally either with 
FKP (1 X lOVanimal) alone, M. habana (0.75 mg/animal) 
alone or the two in combination, on day ‘O’. The fourth 
unimmunized group served as control. All the animals 
were challenged intracardially with 1 x 10^ amastigotes 
on day 21 of immunization. The prophylactic efficacy 
of immunogens was assessed, following autopsy, on day 
20 post challenge (p.c.) by counting the number of 
amastigotes 500 cell nuclei"' in splenic dab smears. 
Blood was collected to extract serum. Macrophages from 
peritoneal cavity were isolated for immunological tests. 

Enzyme linked immunosorbent assay (ELISA) was 
carried out as described by Voller et Sera from 
all the four groups were collected on day 20 p.c. ELISA 
plates (Nunc) were coated with soluble promastigote 
antigen (1 |ig in lOOjLil wel^')'^ PBS at pH 7,2 and 
containing 0.05% Tween-20 served as the diluent. Goat 
antihamster IgG (H + L) labelled with peroxidase 
(Kirkegaard and Perry Laboratories Inc., Gaithersburg, 
USA), in a dilution of 1 : 1000 was used as conjugate 
and the assay was read (in a series 700 microplate 
reader, Cambridge Technology) at 492 nm. 

Hamsters from each immunized and control group, 
were tested for DTH response on day 21 post immu¬ 
nization (before challenge) and on day 20 p.c. The two 
antigens, FKP and habanin (1 x 10^ and 100 jig protein 


respectively in 0,1 ml hamster"*) were injected intrader¬ 
mally in the right foot pad. Left foot pad served as 
control and injected with similar amount of normal 
saline. At 24, 48 and 72 h of antigen injection, the 
induration was measured with the help of a dial caliper 
(Schnelltaster, Germany). The degree of hypersensitivity 
was expressed as increase of foot pad thickness over 
the control values'^. 

Macrophage migration index (MMI), a correlate of 
cell-mediated immunity and macrophage activation, was 
carried out on day 20p.c,'l 

The ratio of the area of migration of macrophages 
from immunized challenged and unimmunized challenged 
groups to that of the cells from normal control was 
designated as the MMI. 

W, 

MMI = ^, 

where W, = macrophage migration area from immunized 
challenged and unimmunized challenged animals. 
W 2 = macrophage migration area of normal control 
animals. 

Student’s t test was applied for the statistical analysis 
of the data. 

Formalin-killed promastigotes failed to elicit any 
protection whereas immunization with M. habana yielded 
39.2% inhibition of parasite multiplication. M. habana 
when combined with FKP (which is otherwise ineffec¬ 
tive), the parasitic inhibition was substantially enhanced 
to 65.56% (P<0.01), (Table 1). 

The antibody titre at the serum dilution of 1 : 1,00 
has been presented in Figure 1. In the infected controls 
(unimmunized challenged) there was sharp increase in 
the antileishmanial antibodies by day 20 p.c. (0.826). 
Similarly, the two immunized groups receiving either 
FKP or M. habana have high antibody levels (0.784 
and 0.692 respectively). However, the rise in antibodies 
was subdued in the group immunized with combined 
immunogens (0.508). 

Unimmunized challenged animals elicited no DTH 


Table 1. Prophylactic effect of different immunogens against L donovani infection in hamsters 



Intradermal 

Dose/hamster 

No. of animals 

Parasite burden 

% Inhibition 

Groups 

immunization 

(in O.l ml) 

immunized 

Mean±SD 

Mean± SD 

I 

Experimental 

0.1 ml of 

15 

48.3 ±8.36 



control 

normal saline 




11 

Formalin-killed 
promastigotes of 

L donovani (FKP) 

1 X 10 ^ 

15 

46.2518.73 

4.24 ±3.08 

III 

M. habana 

0.75 mg weight 
(3.13 X 10“ cells) 

15 

29.36 + 4.47 

39.21 ±6.19 

IV 

FKP + M. habana 

1 X 10’+ 0.75 mg 

15 

16.63 ±3.63 

65.56 ±4.26** 


*, Amastigotes/500 splenic macrophagCvS. 
Significant (P<0.01). 
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response (48 h post sensitization) to any of the sensitizing 
antigens i.e. FKP and habanin as evident in Figure 2. 
Similarly, the animals immunized either with FKP or 
M. habana, responded weakly to homologous or 
heterologous antigens (5.66-16.66% increase in foot pad 
swelling). However, significant DTH response was 
observed in hamsters receiving combined immunogens 
(FKP + M. habana) with FKP and habanin, and measured 
footpad swelling was 25.67% and 37.50% respectively 
on day 20 p.c. 

Figure 3 depicts the data on MMI of different categories 
of hamsters. The migration of macrophages from un¬ 
immunized challenged hamsters on day 20 p.c. was very 
small (0.43) and was comparable to the animals immu¬ 
nized with FKP (0.46) and M. habana (0.54) alone. 
However, the animals receiving combined immunogens 
(FKP + M habana) MMI record was 0.71. 

The available therapeutic agents to combat VL are 
inadequate’^-^’^” and the alternate measures, viz. prophy¬ 
laxis and immunotherapy are yet to emerge. Since 
vaccines have discernible advantages over therapy^we 


ANTIBODY TITRE (OD AT 1:100 SERUM DIL) 



I I-1-1- 

CONTROL FKP M.HABANA FKP+M.HABANA 

- EXPERIMENTAL GROUPS - 


Figure 1. Antibody profile of immunized hamsters on day 20 post 
challenge. 


% INCREASE IN FOOT PAD SWELLING 



EXPERIMENTAL GROUPS 

■i D21 P.i.(FKP). CZ3 D20 P.C. (FKP). 

□□ D21 P.I.(HABANIN} CSZI D20 P.C.(HABANIN) 

Figure 2. DTH response of immunized hamsters (48 h post sensiti¬ 
zation). 


ventured to search for effective immunogen(s) to induce 
immunity against VL. 

Despite many favourable reports, the action of BCG 
against tuberculosis, leprosy and leishmaniasis"^*^*^^ is 
unpredictable in different geographical regions. M. 
habana grows luxuriously in cultures and is nonpatho- 
genic to several species of animals (Singh et al, un¬ 
published data). This organism affords significant 
protection against tuberculosis and leprosy’’‘\ Since 
leprosy and leishmaniasis are characterized by severe 
impairment of CMI and M habana is protective against 
leprosy, it is likely that the antigenic cross-reactivity 
may exist between species of the genera Mycobacterium 
and Leishmania^^~^^. 

In the present study this combination has worked 
effectively in reducing the challenge infection to a 
considerable extent (65.5%). This concomitant immunity 
to leishmania might be either due to the adjunctive 
action of common antigens or the adjuvant effect of M. 
habana. Holbrook et al.^^ and Holbrook and Cook^^ 
have also reported that injections of killed promastigotes 
alone conferred no measurable resistance against leish¬ 
mania infection but significant protection was observed 
when combined with glucan which had an adjuvant 
effect. 

As in clinical leishmaniasis, the increased antibody 
level in hamsters corresponded with the level of infection. 
The animals immunized with FKP combined with M. 
habana, showed low profile of antibodies (0.508), as 
they had low grade of infection i.e. 34.4%, in comparison 
to unimmunized challenged animals (0.826). 

It has been reported that in leishmaniasis the number 
of circulating T-lymphocytes severely decline due to the 
stimulation of Th2 cells which secrete IL-4 and IL-10 
and exert inhibitory effect on the disease protective cells 
(Thl)^’. However, this factor may not interfere with the 
generation and activity of cells that cooperate with B 
lymphocytes, as such, the B cells activity remains un¬ 
disturbed leading to the production of high level of 
antibodies. This is a common feature in all kala-azar 
cases but the protective role of these antibodies has not 


MMI (DAY 20 POST CHALLENGE) 



CONTROL FKP M.HABANA FKP+M.HABANA 


EXPERIMENTAL GROUPS 

Figure 3. Macrophage migration index of immunized hamsters on 
day 20 post challenge. 
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been established till date. In the present observation 
almost similar pattern was noticed. The phenomenon 
appears to have more relevance in predicting the degree 
of infection. 

Macrophage activation is the indicator of nonspecific 
response against the foreign invaders. To measure the 
degree of activation, macrophage migration is a relative 
parameter. The unimmunized challenged hamsters showed 
declining trend of migration index with the advancement 
of infection. Immunization with single antigen, either 
with FKP or with M. habana, exhibited decrease in 
MMI after the challenge though the inhibition was not 
significant. On the other hand, there was only slight 
suppression in macrophage migration index in hamsters 
immunized with combined immunogens and was com¬ 
parable to normal control. The DTH response was also 
found increased in animals immunized with combined 
immunogens. These findings corroborate with earlier 
reports 

The preliminary studies on cross protection by M. 
habana have opened up a new vista in the vaccination 
against experimental leishmaniasis where antigenic 
advantage of nonpathogenic organism could be benefi¬ 
cially exploited to produce functional immunity against 
a fatal disease, leishmaniasis, and call for more organized 
and concerted efforts to investigate the potentiality of 
M, habana in VL. 
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Anomalous fluoride in groundwater 
from western part of Sirohi district, 
Rajasthan and its crippling effects 
on human health 
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Anomalously high concentration of fluoride (upto 
16 ppm) has been observed in dug/tube well water, 
which is being used for drinking and irrigation pur¬ 
poses, around Palri, Andor and Wan villages, in 
western part of Sirohi district, Rajasthan. Fluoride 
concentration in groundwater is much higher than 
the permissible limit of 0.6-1.5 ppm of fluoride 
recommended for potable purposes. Water samples 
with more than 5 ppm fluoride are confined to Andor 
and Wan villages. Mottling is commonly observed in 
people of this area with a few cases of crippling 
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fluorosis. Areas with such a high fluoride content 
require serious attention and remedial measures like 
setting up of large-scale defluoridation plant, use of 
simple domestic defluoridation methods and public 
awareness for preventing harmful diseases like 
fluorosis. 

The first case of endemic fluorosis in India was reported 
in 1937 in Prakasam district, A.P. (erstwhile Nellore 
district). More than 500,000 people in different parts of 
the country are affected with crippling bone disease 
(fluorosis) due to consumption of drinking water having 
fluoride (F) content of more than 1.5 ppm‘’^. In Rajasthan, 
isolated, pockets of higher fluoride concentration ( 8 . 5 - 
19 ppm) are reported from Ganganagar, northwestern 
Jodhpur, eastern Nagaur and western Sirohi^ 

High content of fluoride (upto 16 ppm) has been 
analysed in water samples collected from irrigational 
and drinking water dug wells and tube wells, depths 
varying from 25 to 75 m, during the hydrogeochemical 
surveys carried out for the exploration of uranium in 
parts of Sirohi district, Rajasthan, where Proterozoic 
meta-sediments of Sirohi Group with intrusions of 
Erinpura granites and Malani rhyolites are exposed (Fig¬ 
ure 1). It is pertinent to note that significant fluorite 
mineralization associated with granite and acid volcanics, 
has already been reported from adjoining areas of Jalore 
district"^, thereby making the present area interesting for 
studies. 

Ill-effects of high fluoride on human health, such as, 
dental fluorosis, mottling (discoloration of teeth) are 
commonly observed in people living at and around 


Andor, Wan and Sogaliya villages of Sirohi district, 
with a few case of deformed bone structure (crippling 
fluorosis); though complete statistics have not been 
collected. An attempt has been made to evaluate 
hydro-geochemical data for the demarcation of different 
zones, based on fluoride content, along with their aerial 
extent, and to suggest possible remedial measures to 
prevent crippling fluorosis. 

Water sampling was done in two phases, following 
standard hydrogeochemical sampling techniques^’^ 
covering 151 sq.km area around Palri, Andor, Ora and 
Wan villages. Initially 85 dug well and tube well water 
samples were collected with sampling density of 1 . 5 - 
2 sq.km. Based on the results of analysis of these 
samples, 32 additional close spaced samples (one 
sample/0.5 sq.km) were collected from the western part 
of the area showing higher fluoride content. 

Samples were analysed for SO", CO", HCO 3 , Cl", 
P 2 O 5 and elements like Na, K, Ca, Mg, V and U using 
conventional analytical procedures. The F~ content was 
determined using Micron -2 pH/ion meter of Toshniwal 
Process Instruments Pvt. Ltd., Ajmer. The total ionic 
strength adjusting buffer (TISAB) used is one litre 
solution of pH 5.5 containing 57 ml of glacial acetic 
acid, 58 g of sodium chloride and 0.2 g of CDTA 
(trans-1,2-diamino cyclo-hexane tetra acetic acid). The 
potential of a series of standard solutions of fluoride 
in the range 10“^ M to 10"^ M was measured treating 
50 ml of the solution with 50 ml of TISAB, while 
stirring with a magnetic stirrer for 3 min. The potential 
of the sample solution is also measured similarly. The 
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fluoride content of the sample is computed from the 
calibration plot for the standard. 

Analytical results of critical elements and selected 
radicals are presented in Table 1. General abundance 
of fluoride in samples is < 1 ppm to 16 ppm with majority 
of samples having fluoride concentration more than the 
permissible limit of 1.5 ppm. Higher fluoride concentra¬ 
tion (5-16 ppm) is recorded in Western part (Figure 2) 
compared to eastern part (< 1 ppm). Based on fluoride 
concentration, the area has been divided into five zones 
namely, I (<1.5 ppm), II (> 1.5 to 5 ppm), III (> 5 to 
6.5 ppm), IV (>6.5 to 10 ppm) and V (>10ppm) (Fig¬ 
ure 3). 

Frequency distribution of various elements and radicals 
related to present study are shown in Figure 4. The F" 
concentration of more than 1.5 ppm accounts for about 
65% of total sample population. Correlation matrix (Table 
2 ) indicates positive relationship of fluoride with 
HCO 3 (0,29) and moderate negative correlation with 
Ca-^-^ (-0.5), Mg^-^ (-0.36) and P 2 O 5 (-0.32) while strong 
negative correlation is indicated by Ca/F ratio (-0.912). 
It is interesting to note that high fluoride content is 
always associated with lower Ca/F ratio (Table 1) in 
the study area. 

In general, the main source of fluoride in circulating 
waters is considered to be fluorite, fluorapatite, mica, 
hornblende and soil consisting of clay minerals'^. Alkalic 
rocks and hydrothermal solutions may also contribute 
towards the higher concentration of fluoride. 

High fluoride content in groundwater of study area 


could be attributed to the fluorite disseminations and 
veins in Erinpura granites and Malani rhyolites. Besides, 
fluorite mineralization is also recorded in the contact 
zones of basic dykes with granites in the area around 
Wan and Andor. 

Interpretation of the data indicates that out of 
151 sq.km studied area, 127 sq.km shows >1.5 ppm 
fluoride content in water which is above permissible 
limit (upto 1.5 ppm (ref. 1); 0.6-1.2 ppm with max. upto 
1.5 ppm (ref. 8 ); 0.8-1.7 ppm with tolerance limit of 
1.4-2.4 ppm (ref. 9)). Further subdivision of the area 
based on fluoride content indicates coverage of 8.74% 
in Zone I, 63.84% in Zone II, 10.26% in Zone III, 
16.35% in Zone IV and 0.59% in Zone V. Strikingly 
high fluoride concentration (> 5 ppm) is noticed around 
Wan, Sogaliya, Andor, Ewri and Ora, compared to low 
fluoride concentration in eastern part around Uthman, 
Sibagaon and Chotila. High fluoride concentration in 
western parts can be attributed to the circulation of 
groundwater through fluorite-bearing granites and acid 
volcanics, and basic dykes (acting as barriers resulting 
in ample contact time for circulating water to dissolve 
fluorite). It is an established fact that the waters high 
in calcium are low in fluoride content^^’ and, therefore, 
the low fluoride concentration in eastern part can possibly 
be explained by the presence of high Ca in water due 
to the movement of groundwater through carbonate rocks 
and higher recharge from surface water of Sukri river 
possibly diluting further the fluoride content. 

Effect of fluoride content on human health has already 


Table 1, Zonal distribution of F, Ca and Ca/F 
(all data in ppm, except Ca/F) 




F- 



Ca-^^ 



Ca/F 


Zone 

Range 

Av. 

STD 

Range 

Av. 

STD 

Range 

Av. 

STD 

I (n= 16) 

II (rt = 69) 

1-4 

All values < 1 
2.38 

1.15 

29-216 

12-308 

85.62 

83.80 

48.94 

49.18 

6-308 

51.43 

50.82 

III (/z=15) 

5-6 

5,33 

0.49 

14-72 

44.13 

17.05 

2.8-14.4 

8.35 

3.35 

IV (;i=7) 

7-8 

7.43 

0.53 

20-34 

28.57 

5.83 

2.5-4.7 

3.86 

0.90 

V (n = 6) 

10-16 

11.17 

2.40 

8-48 

28.50 

13.29 

0,5-4.8 

2.76 

1.43 




Figure 2. Map showing area above maximum permissible limit of 
fluoride content in parts of Sirohi district, Rajasthan. 


i^lgure 3, Fluoride content in well/tube well water in parts of Sirohi 
district, Rajasthan. 
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Figure 4. Histogram showing frequency distribution of F, Ca, Ca/F, 
Mg, PjOj and HCO 3 in water samples. 


Table 2. Sample statistics and correlation matrix of selected 
radicals and elements of water samples, Sirohi district, Rajasthan 



Ca^ 

Mg"^ 

HCO; 


Ca/F 

P 3 O 5 

Sample statistics (All values 

in ppm, except Ca/F) 



N 

113.00 

113.00 

113.00 

113.00 

113.00 

46.00 

Min 

8.00 

0.00 

37.00 

0.50 

0.50 

22.00 

Max 

308.00 

117.00 

1292.00 

16.00 

432.00 

118.00 

Avr 

72.41 

35.09 

525.20 

3.28 

57.04 

54.83 

STD 

47.67 

24.46 

259.50 

2.77 

73.49 

24.76 

Correlation matrix 






Ca-^ 

1.00 






Mg^^ 

0.47 

1.00 





HCO3 

-0.34 

0.13 

1.00 




F- 

-0.50 

-0.36 

0.29 

1.00 



Ca/F 

0.71 

0.40 

-0.31 

-0.91 

1.00 


PA 

0.11 

- 0.002 

0.17 

-0.32 

0.09 

1.00 



Figure 5. Fluoride concentration zones of study area plotted on the 
fluoride dose response curve (After Keller, E. A., Environmental 
Geology, Bell & Howell, Columbus, 1976, pp. 488, figure 11.4.), 

been established'^ Fluoride, as calcium fluoride com¬ 
pound is an important ingredient of teeth and bone and 
facilitates in the development of perfect teeth and bone 
structure. Relation between fluoride content and health 
indicates a specific dose response curve (Figure 5). The 
data indicates that the inhabitants of Zone I and II may 
be benefited by way of bone and teeth development 
with some side effects like dental fluorosis whereas 
those living in Zones III to V are highly susceptible 
to dental fluorosis, skeleton fluorosis, calcification of 
ligaments, physiological mongolism, cancer mortality, 
birth defects, constipation, anemia and insomnia^. 

High concentration of fluoride content in study area 
needs urgent attention to prevent possible health hazards 
by way of setting of de-fluoridation plants for the supply 
of proper drinking water. Other remedial measures like 
public awareness about the toxic effects of fluoride and 
their prevention by using lime and alum, bone char 
filters, etc. on domestic scale^*'^. Besides, outcome of 
this study warrants detailed hydrogeochemical sampling 
in adjoining areas of Rajasthan and Gujarat having 
similar geological setup to isolate the hazardous areas 
of high fluoride concentrations. 
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A lithospheric mantle source for the 
proterozoic kimberlites and 
lamproites from the eastern Dharwar 
craton, India: Evidence from rare 
earth element inversion modelling 
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Inversion of rare earth element (REE) concentrations 
of a Proterozoic kimberlite (Maddur) and lamproite 
(Ramannapeta) from the eastern Dharwar craton, 
India is carried out to discover the partial melt 
distribution with depth that could have been respon¬ 
sible for producing their REE distribution patterns. 
In order to reproduce the observed REE patterns, 
the source regions of these rocks need to undergo 
an extensive initial depletion event (-20%) in the 
garnet stability field before being subjected to 
metasomatic enrichment and subsequent partial melt¬ 
ing, The extensive initial depletion, probably repre¬ 
sented by ‘komatiitic type’ melt extraction during 
the Archaean, necessitates the partial melting of the 
eastern Dharwar craton kimberlite and lamproite 
source regions to have taken place in lithospheric, 
but not convecting, mantle. This study rules out a 
‘transition zone’ source recently invoked for such 
rock types from eastern Dharwar craton and else¬ 
where and therefore imposes important constraints 
as to the source regions of kimberlites and lamproites. 

Despite great deal of research, the source regions of 
small-volume mafic potassic-ultrapotassic melts such as 
kimberlites remain controversialThe presence of 


syngenetic inclusions of majoritic garnets within dia¬ 
monds'^'^ and ultra-deep (>400 km) xenoliths^ in some 
southern African kimberlites with ocean island basalt 
(OIB) like isotope signature, i.e. group I type kimberlites^ 
led some workers to suggest that such kimberlites were 
derived from a ‘transition zone’ source or even from 
the core-mantle boundary^. Invoking similar criteria, 
some of the kimberlites with group I type isotopic 
signature from the eastern Dharwar craton have been 
suggested‘^ to be products derived from partial melt¬ 
ing of sources in the ‘transition zone’. The present 
paper, which arose from a detailed geochemical and 
isotopic study'^^ of nearly 20 kimberlite and lamproite 
diatremes from the eastern Dharwar craton, aims to 
model the melting process responsible for the genera¬ 
tion of these magmas so as to constrain their source 
region(s). 

In the petrogenetic modelling of mafic and ultramafic 
rocks, peridotite mantle is assumed to be primary melt 
source of the magmas^^'^^ and the partial melting pro¬ 
cesses may be represented by either batch melting or 
fractional melting'^ Recent theoretical studies suggest 
that once formed, even small volumes of melt may 
separate rapidly from the matrix^'^"'^. Hence, fractional 
melting may better represent mantle melt generation 
than the batch melting process‘d, and so, given appropriate 
constraints on Dj (bulk partition coefficient), the mantle 
melting process may be modelled, using appropriate 
equations given by Shaw^^. 

Based on this premise, McKenzie and O’Nions^^ 
developed an inversion technique to model the rare earth 
elements (REE) of mafic igneous rocks and to constrain 
the partial melt distributions with depth. The aim of 
the REE inversion modelling is to discover the model 
melt distribution with depth that could have been 
responsible for producing the observed REE pattern in 
the sample. In order to obtain the melt distribution, the 
REE composition of the sample has to be inverted, 
using the techniques similar to geophysical inverse 
theoryThe depth to top of the melting column is 
varied through plagioclase-, spinel- and garnet-stability 
fields to obtain a best fit to the observed REE concen¬ 
trations. The inversion technique uses both the abun¬ 
dances of REE and the slope (La/Yb) of the normalized 
pattern to constrain the melt distribution with depth. 
REE are chosen in preference to major oxides and other 
trace elements as (i) their bulk partition coefficients in 
the upper mantle vary with depth from plagioclase 
through spinel to garnet stability fields, (ii) their con¬ 
centrations may be precisely determined, (iii) the REE 
behave as chemically coherent series, and (iv) the par¬ 
tition coefficients for the REE between important mantle 
phases and melt are better known than many other 
elements. The mathematical expressions involved in REE 
inversion are described in McKenzie and O’Nions^^. The 
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inversion modelling carried out in this work was per¬ 
formed employing a FORTRAN program (INVMEL) 
developed by Dan McKenzie (Cambridge). 

The observed REE concentrations of the kimberlites and 
lamproites can thus be modelled by varying the degree 
and depth of melting with a known source composition. 
However, in reality the source composition is unknown 
and this is a significant assumption in REE inversion 
modelling. Nevertheless, in the case of kimberlites and 
lamproites and in some alkali-basalts, where mantle xeno- 
liths are present, it is justifiable to assume that source of 
their melts has the same composition as xenoliths"’'^^. 


Extensive studies on the Iherzolite and harzburgite nodules 
recovered from the southern African kimberlite pipes have 
revealed that they were subjected to extreme depletion by 
‘komatiitic’ type melt extraction during the Archaean cra- 
ton-forming events'^^"^l Hence, the underlying sub-conti¬ 
nental lithospheric mantle in the Kaapvaal craton of southern 
Africa is generally considered to represent a residue of 
‘komatiitic’ melt extraction. Only such a residue which 
has melted in the garnet stability field can account for 
the high amounts of heavy rare earth elements (HREE) 
in the peridotite nodules, even though their light rare earth 
element (TREE) contents may be very low^^’^^^. 



LaCePr NdPmSmEuGdTbLVHoErTmYblu 



lo Ca Pi Nd Pm Sm Eu Gd lb Dy Ho Ef Tm Yb Lu 




La Co Pi Nd Pm 5m Eu 6a Tb Dy Ho Ei Im Yb uj 




Figure 1. Plots to demonstrate 
that both enrichment and depletion 
20 %) are necessary to reproduce 
the observed rare earth elemental 
(REE) abundances in kimberlites 
(e.g. Maddur kimberlite) and 
lamproites (e.g. Ramannapeta 1am- 
proite) from southern India. Dots 
show observed REE concentrations 
normalized with respect to MORB^^ 
with error bars corresponding to 1 
SD. The continuous solid lines are 
the best fits required to reproduce 
the observed REE abundances. The 
amount and depth of depletion as 
well as metasomatic enrichment re¬ 
quired to generate the observed 
REE are also shown at the top in 
all the REE normalized distribution 
plots. 
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Nodule data from the eastern Dharwar craton kimber¬ 
lites are sparse compared to those from southern Africa. 
Nevertheless, the available data^^'“^ suggest that they are 
similar to the ‘depleted’ garnet peridotite xenoliths 
derived from southern African kimberlites. Furthermore, 
there is general agreement based on palaeomagnetic'^ 
as \vell as tectonic^^ criteria that India and Africa were 
in close proximity to each other during the Proterozoic, 
forming essentially adjacent regions of a supercontinent. 
Therefore, a garnet peridotite with 70% olivine, 22% 
orthopyroxene, 3% clinopyroxene and 5% garnet, phlo- 
gopite and apatite, corresponding to the composition of 
‘depleted’ garnet phlogopite peridotite xenoliths”"'^ from 
Kaapvaal craton, is employed in this work as source 
composition. 

Intensely fractionated nature (Figure 1) of REE dis¬ 
tributions of kimberlites and lamproites (La/Yb = 70-160) 
with strong enrichment in LREE implies that partial 
melting occurred in the presence of garnet*’^. As melting 
takes place entirely in the garnet stability region, the 
depth to the top of the melting column cannot be 


predicted in the case of kimberlites and lamproites. 
However, as these magmas sample diamond their melt 
source must originate in the diamond stability field. 
Hence, in the inversion modelling adopted in this work, 
the top of the melting column is placed at 150 km, 
which is the appropriate depth of intersection of dia¬ 
mond-graphite transition with the cratonic geotherml 
This assumption is supported by the pressure—temperature 
estimates“^*“^ made on mantle xenoliths from the kim¬ 
berlites in the eastern Dharwar craton which suggests 
that the lithosphere in these parts was at least 185 km 
thick during the Mid-Proterozoic. 

Using these input parameters, the REE concentrations 
(Table 1) of a Proterozoic kimberlite (Maddur: 16°51'54'': 
77°37'2'0 and lamproite (Ramannapeta: 16°43': 80°70 
from the eastern Dharwar craton are inverted. It is well 
established from geochemistry and isotope systematics 
that kimberlites and lamproites are extreme products of 
mantle enrichment processes^^^“^“. Both the isotopic and 
trace element data also suggest that the source of kim¬ 
berlite and lamproite metasomatic melt is a mid oceanic 


Tabic 1. Major oxide and rare earth elemental abundances of Ramannapeta lamproite and Maddur 

kimberlite 


Ramannapeta lamproite Maddur kimberlite 



RUl 

NRl 

NR/7 

MD/11 

MD-7 

MD/llA 

MD-5 

Major oxides (wt%) 

SiO, 

44.95 

47.14 

46.81 

36.62 

34.90 

36.72 

35.99 

A1,0, 

6.93 

7.02 

7.09 

4.53 

4.40 

4.52 

4.47 

Fe,Ov^ 

11.82 

11.58 

11.69 

14.30 

13.70 

14.40 

13.67 

MgO 

14.40 

14.09 

13.99 

21,20 

21.17 

21.35 

20.93 

CaO 

10.29 

8.51 

8.72 

12.96 

12.96 

12.98 

13.49 

Na,0 

0.35 

0.47 

0.47 

0.37 

0.55 

0.31 

0.59 

K 26 

2.55 

2.68 

2.67 

4.27 

4.36 

4.31 

4.05 

TiO, 

3.33 

3.00 

2.96 

0.20 

0.19 

0.20 

0.19 

MnO 

0.17 

0.15 

0.16 

0.57 

0.50 

0.59 

0.53 

P.O 5 

0.90 

0,72 

0.95 

0.57 

0.50 

0.59 

0.53 

Lol 

3.86 

3.46 

3.58 

4.10 

6.46 

3.71 

5,04 

Total 

99.54 

98.81 

99.09 

99.27 

99.30 

99.24 

99.16 

REE (ppm) 

La 

105.67 

124.30 

120.10 

70.80 

66.47 

70.83 

61.63 

Ce 

233.67 

237.30 

231.60 

138.70 

128.70 

136.70 

122.20 

Pr 

26.77 

25.70 

26.50 

15.53 

14.43 

15.3 

13.67 

Nd 

96.33 

92.23 

95.67 

56.10 

51.80 

57.10 

51.80 

Sm 

15.03 

13.60 

15.11 

9.16 

8.49 

9.57 

8.84 

Eli 

4.22 

3.48 

4.17 

2.67 

2.44 

2.84 

2.38 

Gd 

13.93 

13.57 

13.62 

11.97 

9.90 

9.70 

8.37 

Tb 

1.38 

5.74 

5.73 

3.94 

3.35 

4.19 

3.77 

Dy 

5.98 

5.74 

5.73 

3.94 

3.35 

4.19 

3.77 

Ho 

0.96 

0.95 

0.91 

0.65 

0.53 

0.64 

0.61 

Er 

2.21 

2.23 

2.08 

1.54 

1.16 

1.51 

1.47 

Tm 

0.26 

0.26 

0.26 

0.19 

0.14 

0.17 

0.15 

Yb 

1.59 

1.77 

1.60 

1.09 

0.77 

1.07 

0.91 

Lu 

0.19 

0.22 

0.20 

0.15 

0.12 

0.13 

0.11 


Total iron is expressed as Fe^Oj*. Major oxides were determined on a Phillips PW 1480 automatic XRF 
spectrometer at Edinburgh. Typical uncertainties for major oxides are < 5%. REE were measured using a 
VG PLASMAQUAD PQSTE machine at the NERC ICP-MS facility at Silwood Park, Ascot, London. The 
difference in concentrations for individual REE is < 10%. 
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ridge basalt (MORE) source^*^^ i.e. which has already 
been depleted by the removal of a small melt fraction. 
In order to reproduce the REE abundance of typical 
asthenospheric melts such as OIB, which share the same 
isotopic signature as group I kimberlites, a simple en¬ 
richment without any depletion is adequate^‘^ In case 
of continental magmas such as alkali basalt, the observed 
REE can only be modelled if the source is initially 
depleted by ~ 10% and subsequently enriched^"^. However, 
in case of kimberlites and lamproites unless the peridotite 
source is first depleted by extraction of ~ 20% melt in 
garnet stability field before being subjected to meta- 
somatic enrichment with a MORE type melt, their 
observed REE cannot be reproduced (Figure 1). Extensive 
initial depletion event (~ 20%) is required to produce 
observed low concentrations of Tm, Yb and Lu in 
equilibrium with melt since any subsequent metasomatic 
enrichment can produce only observed LREE abundances. 
The calculated REE abundances in kimberlite as well 
as lamproite fit the observed values (Figure 1) and their 
amounts of depletion and enrichment are almost indis¬ 
tinguishable. Calculated source rock compositions (Table 
2) obtained from the melting models of REE inversion 
for kimberlites and lamproite are indistinguishable from 
each other and also from the depleted garnet phlogopite 
peridotite nodules"‘\ Similar observations are obtained 
from inversion modelling of nearly 20 kimberlites and 
lamproites from the eastern Dharwar craton'^’ and these 
will be published elsewhere. 

The most important conclusion of this study is that 
extensive depletion (~ 20%) of the source is pre-requisite 
for the generation of kimberlites and lamproites of the 
eastern Dharwar craton. Tainton and McKenzie- showed 
that melt distribution obtained from the inversion of a 
komatiitic REE composition, but not that of a tholeiite, 
can satisfy the extraction of ~ 20% melt from a region 
in which garnet is stable. Tainton and McKenzie" also 
calculated that komatiitic melting results in the thickening 
of the lithosphere by a factor of 2 (/i = 2), thereby 
leading the depleted source well within the graphite- 
diamond transition, i.e. 150 km. Therefore, the strong 


Table 2. Calculated source rock composition for Ramannapeta 
lamproite and Maddur kimberlite compared with that of a depleted 
garnet peridotite nodule"'' 


Major oxides 
(weight %) 

Maddur 

kimberlite 

Ramannapeta 

lamproite 

Depleted garnet 
phlogopite 
peridotite xenolith 

SiO^ 

44.70 

44.80 

45.70 


0.48 

0.83 

0.98 


4,85 

4.79 

5.14 

MgO 

42.70 

43.24 

43.77 

CaO 

0.74 

0.97 

1.03 

Na^O 

0.05 

0.09 

0.17 

K 2 O 

0.01 

0.03 

0.20 

TiO^ 

0.05 

0.09 

0.06 


initial depletion of the source necessitated by this study 
is attributed to ‘komatiitic’ type melt extraction during 
the Archaean times. Neither the metasomatic enrichment 
of a source depleted by the extraction of a basalt, as 
in the case of continental alkali volcanics^'^, nor a simple 
metasomatic enrichment of a source without any deple¬ 
tion, as in case of ocean island basalts''^ can account 
for the observed REE abundances of eastern Dharwar 
craton kimberlites and lamproites. 

Evidence for at least one episode of extensive melting 
of the eastern Dharwar craton during the Archaean 
comes from the widespread occurrences of komatiites 
and metavolcanics in the greenstone belts^^’^^\ Positive 
6Nd isotopic values of the mafic units of these schist 
belts also indicate a long term LREE depletion in their 
mantle source^^. Early Proterozoic dykes with komatiitic 
affinity are also recently reported around the Cuddapah 
Easin^^ thereby supporting the initial depletion event 
invoked in this work. Nd isotope systematics*'^ of kim¬ 
berlites and lamproites of eastern Dharwar craton are 
also consistent with this argument. 

The depleted OIB type isotopic signature of group I 
type kimberlites led many workers to suggest that the 
latter are predominantly convecting mantle meltsHow¬ 
ever, large scale depletion (~ 20%) of the source regions 
of southern Indian kimberlites and lamproites, as shown 
in this work, necessitates partial melting of their source 
to have taken place in a lithospheric, but not convecting, 
mantle. This is because such a strong (~ 20%) depletion 
is characteristic of many depleted xenoliths characteristic 
of continental lithosphere"^\ Furthermore, such an exten¬ 
sively depleted signature cannot be preserved indefinitely 
if the source is a convecting asthenosphere. This is 
supported by the recent observation from REE inversion 
modelling that the convecting mantle melts like ocean 
island basalts does not require any depletion prior to 
their enrichment 

Similarity of calculated source composition (Table 2) 
suggests that difference in chemistry between kimberlites 
and lamproites may not be due to difference in the 
depths of melting. Hence, their observed petrological 
and compositional differences are attributed to the dif¬ 
ferences in the content and nature of volatiles in their 
source regions which would have undoubtedly influenced 
the low pressure crystallization of these magmas'*’. 
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Estimation of tectonic stress in NW 
Himalaya region using IRS-IB data 

Pradeep K. Sahoo, Sandeep Kumar and 
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Kanpur 208 016, India 

Earthquake records, landslide and recent changes in 
geomorphological features indicate that area between 
Main Boundary Thrust (MBT) and Main Frontal 
Thrust (MFT) is tectonically active. Spectral and 
spatial enhancement techniques have been employed 
for the digital data of IRS-IB LISS-I to delineate the 
lineaments and major faults of the area. Based on 
Mohr^s theory failure criteria and statistical analysis 
of remotely sensed lineament data, the horizontal com¬ 
pressive stress has been estimated at various 

sites of the study area. These data are found to be 
consistent with the published orientation deter¬ 

mined from earthquake focal mechanism solution. 

Satellite remote sensing has emerged as a powerful 


tool for seismic hazard assessment and mapping^"^. The 
synoptic overview of a wide area and digital nature of 
the remote sensing data can be utilized suitably to map 
the active tectonic features. In the present study, the 
area around Dehradun lying between the lat. 29.52°- 
31.18°N and long. 76.89°-78.55°E (Figure 1), NW 
Himalaya, has been chosen for the study of the present 
tectonic stress using remote sensing data. This area is 
part of the active tectonic zone of the Indian and 
Eurasian plate collision 40 million years ago. This area 
has experienced devastating earthquakes like Kangra 
(1905) and Uttarkashi (1991) due to the recent earth 
movements or stress deformations. Analyses of the cata¬ 
logue of past earthquakes have revealed that these earth¬ 
quakes are not isolated events, but only the latest 
expression of diffuse seismic activities. 

We have taken IRS-IB LISS-I digital data covering 
path 29 and rows 46 of October 20, 1994 for detailed 
analysis. The data consists of 2500 rows and 2350 
columns. The whole scene shown in Figure 2 is divided 
into 19 windows of size 512x512 pixels depending 
upon the morphology of the area. We have made efforts 
to enhance the edges using numerous filters in horizontal, 
vertical and two diagonal directions. For mapping of 
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the horizontal edges in an image, we have used the 
following 3x3 filter 

1 1 1 
0 0 0 
--1 -1 

Horizontal 

The above filter computes a value for the central 
pixel under the template that is accumulated difference 
vertically between pixels on three rows spaced two 
apart. Filters used for detecting edges in vertical and 
two diagonal directions are given as: 


1 0 -1 


1 1 0 


0 1 1 

1 0 -1 


1 0 -1 


-1 0 1 

1 0 _] 


0 -1 -1 


-1 -1 0 


Vertical Diagonal Diagonal 


All four 3x3 kernels have been used to detect existing 
edges in all directions. This requires four passes over 
image data and four separate images have been prepared 
for each window showing edges in all four directions. 
As these filters detect only the edges with a background 
zero value pixels, it is difficult to interpret the resulting 
filtered images. Consequently, if the edge detection 
filtered image is subtracted from the smoothed image, 


the resultant difference image enhances the edges in a 
smoothed background. Generally, in band 4 (infrared) 
we have found large variation of pixel values along the 
dislocations, faults, fractures and stream valleys in hilly 
terrain. The edge detection filters assigned maximum 
pixel values along these lines, due to this maximum 
reflectance is seen after subtracting the edge detected 
image from the smoothed image of the area specially 
in the infrared band. 

Lineaments have been mapped by visual interpretation 
of FCC images and edge enhancement techniques. Visual 
interpretation has been carried out based on lithological 
dislocations, joints and fracture traces, truncation of 
outcrops, alignment of streams, sudden bending of stream 
etc. Enhanced edges have been considered which are 
related to difference in vegetation, micro-fractures, joints, 
fault scarps, slopes, etc. The edges reflect the 
micro-lineament patterns of the area, which have been 
mapped suitably by on-screen digitization of the edges 
using ERDAS software package. All possible lineaments 
have been digitized on the screen from the edge-enhanced 
images in four directions, eg. vertical, horizontal and 
two diagonal directions. Finally, they have been merged 
with the visually interpreted lineaments in order to get 
total lineament pattern of the area (Figure 3 a). The 
latitude and longitude of initial and final points of each 
lineament have been stored during digitization process 
for their further statistical treatment. 
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Figure 2. Image of NW Himalayan region. 


A computer program has been developed to plot the 
rose diagram of remotely sensed lineament fabric and 
estimation of the maximum horizontal compressive stress 
algorithm to plot the rose diagram is based 
on the basic concept of rose diagram. The latitude and 
longitude values of initial and final points of each 
lineament have been taken as input from the ERDAS 
digitized file and the slope of the lines has been calculated 
using the following formula: 


slope = 


(ln^.-ln.) 


where, In^ and Itj are the longitude and latitude of 
initial point of the lineament, respectively, and In^ and 
Itf are the longitude and latitude value of the final point 
of>the lineament, respectively. 

The slope of each lineament has been calculated by 
the above procedure and grouped into classes for a 
particular class interval (10°) from the north to plot the 


rose diagram of the lineament data. Here the radius of 
rose diagram for particular class is equal to the square 
root of number of lineaments in that class. Similar 
procedures have been followed for all selected windows, 
and rose diagrams have been plotted. Finally, the rose 
diagrams of all windows are mosaic in one plane fixing 
the center of each rose diagram in the central longitude 
and latitude of their corresponding windows (Figure 3 b). 

Rose diagram of lineament fabric reveals that there 
is a distinct change in major trend of lineament in north 
and south of MET. In the Lesser Himalayan region, 
maximum number of lineaments are oriented in east-west 
direction (N80°-90°E). In Dun and Siwalik region, the 
trend of majority of lineaments are found to be in the 
direction of N40°-50°E. 

The orientation of fault planes are primarily controlled 
by the direction of principal stress. Thus, the principal 
stress direction can be determined from the orientation 
of fault plane. (Quantification of fault plane orientation 
with respect to principal stress direction is of paramount 
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importance in structural analysis. For determination of 
angle ‘0’ between the direction of maximum compressive 
stress (i.e. the maximum principal stress and failure 
plane direction more accurately, Mohr’s theory of failure 
for granular material is taken into consideration. Based 
on Mohr’s theory of failure, the angle between the 
failure plane and (j^ direction is given as'^, 

6>=:45-0/2, (1) 

where 6 is angle between failure plane and direction, 
and (j) is internal frictional angle. 

In the present context, most of the lineaments and 
faults represent slip faces, which have been considered 
as the result of continued horizontal maximum compres¬ 
sive stress due to Indian plate movement against 

Eurasian plate. The direction of stress acted on each 
element of failure has been estimated using equation 
( 1 ). 

We have estimated the stress direction from the line¬ 
ament pattern using standard ^ value of the rocks present 


in the area. We have taken values^ of cp as 25*^, 30° 
and 33° for Doon gravels, Siwalik sandstone and Lesser 
Himalayan metamorphics, respectively. The orientation 
of stress acting on each lineament with respect to north 
has been calculated and grouped into classes of 10° 
interval. This procedure has been repeated in each 
selected window of 512x512 pixel dimension and the 
results have been plotted as rose diagrams. Finally, each 
rose diagram is assigned to its appropriate position in 
the main scene with respect to their positions in terms 
of longitude and latitude (Figure 4 a). The stress map 
of the area has been prepared taking the angle of 
maximum frequency of stress rose diagram as 
orientation (Figure 4 b). The orientation at different 
sites determined by above method is given in Table 1. 

The above data shows .that average direction of 
all sites of Lesser Himalayan range is N50°~60°E. In 
Dun valley and Siwalik range average orientation 
is N20°-30°E, except at Yamuna tear fault (site no. 16) 
and Dhaulakhand fault (site no. 18) area where the 
orientation is found in the range of N40°-50°E. Lesser 



Figure 3 Total lineament map of the area. 
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Table 1. S„,„„ orientation at different sites derived from remotely 
sensed lineament data 


Site no. 

Longitude 

Latitude 

Azimuth 
(from N) 

Region 

1 

77.08 

30.95 

40-50 

Lesser Himalaya 

2 

77.41 

30.95 

50-60 


3 

77.74 

30.95 

50-60 


4 

78.07 

30.95 

40-50 


5 

78.36 

30.95 

40-50 


6 

77.08 

30.68 

50-60 


7 

77.41 

30.68 

50-60 


8 

77.74 

30.68 

50-60 


9 

78.07 

30.68 

50-60 


10 

78.36 

30.68 

50-60 


u 

78.34 

30.35 

50-60 


12 

78.34 

30.42 

20-30 

Doon Valley 

13 

77.78 

30.37 

20-30 

14 

77.08 

' 30.42 

20-30 

Siwaliks 

15 

77.27 

30.42 

20-30 


16 

77.53 

30.42 

50-60 


17 

77.78 

30.42 

20-30 


18 

78.08 

30.17 

50-60 


19 

78.34 

30.02 

20-30 



Himalayan rocks are older than Siwaliks and are made 
up of Precambrian and Palaeozoic rocks. The orientation 
of average maximum horizontal compressive stress 
direction in the Lesser Himalayan region shows the 
palaeostress direction. The average maximum horizontal 
compressive stress direction for the Siwalik region 

found to be about N20-30°E indicates the contempora¬ 
neous maximum horizontal compressive stress orientation 
in the region. This has also been found by Jain^ from 
the interpretation of aerial photographs and Landsat 
imagery. 

Using three different stress indicators, i.e. borehole 
elongation breakouts, in-situ hydrofracturing measure¬ 
ment and earthquake focal mechanism, Gowd et at? 
have prepared the maximum horizontal stress 
orientation regime of the Indian sub-continent which is 
incorporated in the world stress map. From the stress^ 
map of India, it is found that the maximum horizontal 
compressive stress in the study area is about N23°E. 
The estimated stress shows the maximum stress direction 
within the range varying from N20°E to N30°E in Dun 
valley and Siwalik region. A fair assumption, that the 
active stress direction is taken at an interval of 10° 
instead of a particular value, is authentic as the study 


77<b()' 78^^30’ ' 
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area comprises of different rock types of varying (j> 
values and other inhomogenity. 

It is clear that the Lesser Himalayan region shows 
palaeostress due to previous orogenies whereas Siwalik 
region indicates the contemporaneous maximum 

horizontal stress orientation direction. The present results 
show that the lineament mapping of Siwalik region 
using remote sensing data will prove to have paramount 
importance in understanding the Himalayan orogeny. 
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Phreatomagmatic eruptive centre 
from the Deccan Trap Province, 
Jabalpur, central India 

R. Srinivasan*, S. H. Jaffri, G. V. Rao and 
G. K. Reddy 

National Geophysical Research Institute, Hyderabad 500 007, India 

Three volcanic vents in the Deccan Trap Province 
have been found 15 km SE of Jabalpur near Barela. 
They are close to a ENE striking lineament In the 
Narbada vailey. The small diameter of the vents (60 
to 80 m), low relief, highly granulated nature of the 
pyroclastic fill of the vents, lapilli and coarse to fine 
asli grain size, nonvesicularity of the lapilli fragments, 
abundance of sideromelane over tachylite - all suggest 
that these vents represent sites of phreatomagmatic 
eruption, 

Deccan Trap Province constitutes one of the largest 
flood basalt provinces in the world. It covers more than 
500,000 sq.km of the Indian Peninsula. The lava pile 
is about 2 km thick in the west and less than a few 
hundred meters in the eastern part in central India. 
Compound pahoehoe and simple aa flows comprise the 
volcanic pile. The compound lavas ai'e dominant in the 
western sector. 

One of the major problems in the geology of the 
Deccan Trap is the location of centers of volcanic 
eruption. Although it is generally believed that the main 
centers are located in the west, it has been appreciated 
that dynamical considerations’ rule out the possibility 
of the lava flows (especially compound type) poured 
out in the west to have travelled nearly 700 to 900 km 
eastward to account for the occurrences in the eastern 
part of the Deccan Trap Province. West has suggested 
that in the eastern region the source vents could be 
along the Narmada lineament'. However, from this region 
only few eruptive sites have been documented. A feeder 
dyke has been reported by Crookshank near Kamalpur^ 
Clots of clinopyroxene in basalts, pointing to the pro¬ 
ximity of source vent, have been described near Chind- 
wara by Mahoney'’. Small vent-like features, about 12 m 
in diameter with radial dykes have been recorded near 
Lakhnadon‘\ During the course of studies in the Narmada 
valley near Jabalpur, we have come across another centre 
of eruption. This communication describes and discusses 
this new find. 

Three nearly circular vent-like features (Figure 1) are 
observed in the Deccan Trap terrain in the valley north 
of Bonapahar hill about 2.5 km east of Barela, a village 
15 km SE of Jabalpur on the Mandla road (Figure 2). 
They can be approached by a dirt road connecting Barela 

*For correspondence, (e-mail: postmast@csngri.ren.nic,in) 


and Junvani villages. The diameter of the circular vent¬ 
like features ranges from 60 to 80 m. They have a very 
low relief, hardly 1 to 2 m above ground level and they 
are filled upto the ground level by black cotton soil so 
that the inward dip of the rim is not immediately evident. 
However, pitting close to the rim shows that it dips 
steeply inward. Compact basalt surrounds the circular 
vent-like features and constitutes 10 to 12 m thick screens 
between them. Quarries in the immediate vicinity of the 
circular vent-like features expose hard columnar basalts 
upto a depth of 3 to 3.5 m beneath less than half a 
metre veneer of red soil. These basalts show uralitization 
and carbonation in the vicinity of the circular vent-like 
features, especially on the northern lower flanks of 532 
hill (see inset in Figure 2). In contrast, volcanic tuff 
underlies ~ 1 m thick black cotton soil within the circular 
vent-like features. Pits excavated close to the centre of 
these features show persistence of tuff upto a depth 
exceeding 2 m. Base of the tuff has not been met in 
the pits. The tuff is composed of lapilli set in coarse 
to fine ash. The rock is strongly oxidized to a brick 
red colour, although in a few cases it has a golden tan. 

The lapilli are of basaltic and rarely felsic lava frag¬ 
ments, pyrogenic feldspars and clinOpyroxene. Accidental 
ejecta derived from subvolcanic basement are virtually 
absent. In the Jabalpur region the subvolcanic basement 
is composed of Archean schists and granitoids, Mesozoic 
sandstones and limestones. Although no scoria was 
observed in the material excavated, fragments of scoria 
have been recovered from the northern slopes of Bona¬ 
pahar in the immediate vicinity. The rock shows crude 
lamination on millimetre scale and volcaniclasts are 
poorly sorted. The ejecta is set in more felsic matrix. 

Thin section studies confirm that lapilli are dominantly 
of basaltic glass. Transparent sideromelane fragments 
dominate, although globular tachylites are also present 
(Figure 3). Most of the fragments are well-rounded to 
subrounded. Some are cauliflower shaped. Broken euhe- 
dral crystals of pyrogenic minerals are also seen. Rare 
instances of armoured lapilli and fiamme have been 
noted. The glassy fragments are nonvesicular. The feld¬ 
spar fragments show fracturing and undulose extinction. 
Clinopyroxene (Z ^ C = 30 to 32°) occuring in clots are 
generally prismatic. Basaltic glass at places shows vario- 
litic structure. Felsic glass in the ground mass surrounding 
the ejecta shows devitrification. Extinction cross is noted 
in these instances. Kaolinization of feldspar and felsic 
ash, and plagonitization of basaltic glass has been noted. 

The eruptive centre near Barela comprises <100m 
sized vents. Nature of pyroclastic material is fine grained 
granular (subrounded to rounded lapilli in coarse to fine 
ash). The material shows crude bedding and poor sorting. 
Glassy sideromelane fragments are dominant and vol¬ 
caniclasts are nonvesicular. Armoured lapilli have also 
been noted (Figure 4). These foregoing characters are 
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Figure 1. Circular vent-like features 2.5 km east of Barela. View from the top of Bonapahar 


JABALPUR 


'Minofla 

Junvant 
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Figure 2. Map of the Deccan Trap area near Barela showing the 
vents to scale. While the vents are filled by pyroclastic rocks beneath 
black cotton soil, hard basalt surrounds them. 


Figure 4, Photomicrograph of armoured lapilli, crossed nicols. Bar 
scale in figure is 0.2 mm. 



Figure 3. Photomicrograph of pyroclastic material showing sideromelane 
(dai'k gray) and subangular to subrounded felsic volcanic (white) and 
tachylite (opaque) fragments. Matrix is felsic lava, crossed nicols. 


all typical of hydroclastic or phreatomagmatic eruptions^. 
Observations by Born on industrial slags quenched in 
wateE, experimental studies by Dullforce et al.^ and 
Swanson’s personal communication® led Fisher and 
Schmincke to suggest that small dimensions and high 
eruption rates promote primary granulation of lava^ 
Rapid quenching of lava inhibiting vesiculation and 
formation of sideromelane points to interaction of basaltic 
lava with external water. Armoured lapilli corroborate 
the inference of hydroclastic origin^”’". The volcanism 
near Jabalpur occurred in an environment where intra¬ 
continental fresh water Mesozoic sedimentation was in 
progress. These are represented by sandstones, lime¬ 
stones, claystones and shales of the Lameta Group. This 
milieu might have promoted the lava-external water 
interaction. 
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Table 1. Centres of eruption of Deccan Trap 


Data source 


Feeder dykes 

A. Dykes connecting 
to lava 


(a) Macherwa and Harid rivers 

(b) Mewasa (21° 18': 7I°150 

(c) Thana (22°37': 71°08') 

(d) Kamalpur-Bodal Kachar, 
Pachmari (22°27': 78° 27') 

(e) Dhamond lake (22° 13': 75°28') 

(f) N. of Banderkach 

(g) S. of Phalghat 

(h) Langidi (21°28': 73°59') 

(i) Ambarnath (19° 12': 73° 13') 

G) 0.8 km of Jale (19°32': 72°1T) 
(k) Igatpuri 


Medlicot^^ 

Fedden'^’ 


Crookshank'^ 


Ghosh and Pal’’ 


Raja Rao'* 


Beane et al}'^ 


B. Dykes passing 
into breccia close 
to surface 


(a) Kurla (19°4': 72°53') 

(b) Sutaikeda, Nasik Dist, 

(20° 19': 74° 18') 

(c) Hebardi, Saurashtra (21° 13': 69°22') 

(d) Manawar area (22° 6' to 22° 15') 
(75°0' to 75°16') 

(e) Koyna 

(f) Ghod 

(g) Alandi 


Auden'^’ 


Ghosh and PaP^ 


Agashe and Gupte“' 


C. Greater thermal 
alteration in 
wall rock 


(a) Godhan, western Gir forest 


Chatterjee^^ 


D. Compositional 

similarity of dykes 
and lavas 


(a) S. of Phalghat 

(b) Nasik, Kalsubhai 


Ghosh and PaP"^ 

Hooper and Subba Rao“^ 


E. Vents (central) 


(a) Kalyan (19° 14', 73°8') 

(b) Shivle (19° 16': 73°27') 

(c) Kulbhera R. 

(d) Koyna and several places in 
Konkan 

(e) Balsein Nala, Mandla (22°03': 80°22') 


Clarke^'^ 

Fedden^^ 

Fermor and Fox^'^ 
Agashe and Gupte“ 

Hemmady^^ 


F. Radial and 
arcuate dykes 


(a) Ranpur, Barda Hill (21°48': 69°46') 

(b) Girnar S. of Potwar (2r31': 70°36') 

(c) Chamardi (21°48': 7r54') 

(d) Dedan (20°59'; 71° 16') 

(e) Viswadhar (2r22': 71°01') 


Auden^® 


G. Clots of cumulus 
pyroxene 


(a) Chindwara 


Mahoney'* 
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Figure 5. Map showing eruptive centres in the Deccan Trap Province. 
Both fissure and central eruptive sites are shown. 


Phreatomagmatic deposits could be of the nature of 
cinder cones, tuff rings or maars Although the low 
relief of the vents at Barela is similar to tuff rings and 
maars, it is known that tuff rings are characterized by 
much larger craters and that the maar deposits are loaded 
with accidental ejecta derived from basement rocks. 
Because both these characters are absent in the Barela 
pyroclastic deposits, they appear to be of the nature of 
cinder cones built by mafic volcanism. According to 
Fischer and Schmincke^, cinder cones are perhaps the 
most characteristic subaerial volcanoes in intraplate set¬ 
tings - a tectonic environment which seems appropriate 
for the Barela site near Jabalpur. The subdued relief of 
the vents under discussion may be the result of fluid-rich 
basaltic volcanism. However, post-Cretaceous erosion 
could have significantly modified the original relief. 
Occurrence of cinder cones along fissures is documented 
from several volcanic fields. They generally occur in 
groups^^ The vents near Barela are located close to a 
strong E-W striking lineament'"^. 

Flood basalts like Deccan Traps are considered to be 
largely products of fissure eruptions. However, central 
type volcanism has been recognized in flood basalt 
provinces. So far, feeder dykes (dykes connecting to 
lavas, dykes passing into breccia, dykes with thermally 
altered wall rocks) have been described from Deccan 
Trap Province. Vents representing central type eruption 
(largely characterized by radial dykes and columns) have 
also been recorded. These various eruptive centres are 
summarized in Table 1 and shown in Figure 5. Large 
central type volcanics with a variety of volcanic rocks 
including abundant felsic lava flows are exemplifed by 


the Pavagad volcanic complex. Phreatomagmatic volcanic 
vents do not appear to have been commonly observed 
in the Deccan Trap Province. Barela eruptive centre 
reported in this study probably represents this mode of 
eruption also in the Deccan flood basalt province at the 
same time validating the prediction by WesF that in 
the Narbada valley there may be some eruptive sites. 
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Growth kinetics of Staphylococcus 
aureus and Streptococcus faecalis 
under the influence of liquid 
nitrogen and subsequent storage of 
treated cooked prawn meat 

T, Chanda and D. Bhattacharyya 

Cryobiology Division, Advanced Centre of Cryogenic Research, 
Jadavpur University Campus, P.B. No. 17005, Calcutta 700 032, India 

Growth kinetics of Staphylococcus aureus and Strepto¬ 
coccus faecalis in treated cooked prawn meat after 
liquid nitrogen freezing and subsequent frozen storage 
indicate that S. aureus survived up to 10 months of 
storage in case of liquid nitrogen frozen sample and 
more than 12 months in case of conventional frozen 
sample. In contrast, survival period of S. faecalis was 
limited to 2 months and 4 months in case of liquid 
nitrogen and conventional frozen sample respectively. 
Natural coliform bacteria were found to be nil after 
one month and five months of storage in case of 
liquid nitrogen and conventional frozen sample. Total 
bacterial count was much less in case of liquid 
nitrogen frozen sample during the total period of 
one year. 

The rate of production of fish in India has increased 
greatly during the last 20 years. About 3.0 million 
metric tonnes of fish are caught annually, 10 % of which 
are frozen and exported. The increased production of fish 
notwithstanding the unbecoming pail is the wastage due 
to lack of proper storage. Nearly 35-40% of the total 
catch goes waste every year. Fish spoilage^ is normally 
caused by microorganisms either directly by their growth 
or indirectly by secreting enzymes which exert a dis¬ 
integrating action on the host tissue. There are usually 
two types of pathogenic and spoilage bacteria naturally 
occurring in fishes: Clostridium botulinum type E, and 
Vibrio parahaemolyticus^. The incidence of gastroenteritis 
due to these organisms is maximum in summer^’"^. Most 
of the bacterial gastroenteritis in Japan, which have been 
reported, are due to V. parahaemolyticiis infection^ 
However, not all V. parahaemolyticiis variety are patho¬ 
genic and as the infective number for infection is high, 
food poisoning occurs due to mishandling of the sea 
food products. Further, most of the gastroenteritis out¬ 
breaks in Japan were due to consumption of raw fish^ 
and elsewhere due to taking shrimp and crab recontami¬ 
nated after cooking at temperatures permitting their rapid 
growth^'. Other pathogenic organisms which contaminate 
fish at vaiious stages of processing include Streptococci, 
Staphylococcus aureus'^'^ etc. This conununication des¬ 
cribes the effects of liquid nitrogen freezing and sub¬ 
sequent frozen storage on the survival pattern of total 
bacterial count and natural coliform bacteria in fresh 


prawn meat and also S. aureus and S. faecalis in treated 
cooked prawn meat. 

Grass prawns (P. monodon) were purchased from 
Razban Sea Food Pvt. Ltd., Calcutta. After collection, 
the samples were taken to the laboratory in an insulated 
bucket under ice. Then the samples were washed, peeled 
and again washed. The samples were then divided 
according to the experimental need. Two pathogenic fish 
spoilage bacteria, S. aureus and S. faecalis were used 
in the experiments. Tryptone-glucose-beef extract agar 
(TGBA) medium used for total bacterial count (TBC) 
in fish sample was composed of 0.5% (w/v) peptone, 
0.3% (w/v) beef extract, 0,1% (w/v) dextrose and 2.0% 
(w/v) agar and the pH was adjusted to 7.0. Desoxy- 
cholate-agar medium used for natural coliform bacteria 
in fish sample was composed of 1 . 0 % (w/v) bacto- 
peptone, 1 . 0 % (w/v) bacto-lactose, 0 . 1 % (w/v) 

Na-desoxycholate, 0.5% (w/v) NaCl, 0.1% (w/v) Na- 
citrate, 0 . 2 % (w/v) K 2 HPO 4 , 0 . 1 % (w/v) ferric citrate, 
1.5% (w/v) bacto-agar and the pH was adjusted to 7.3 
and then 0.003% (w/v) bacto-neutral red was added. 
Pink and red colonies were counted within 18-24h of 
incubation at 37°C. The medium used for growth of S. 
faecalis consisted of proteose-peptone No. (3) 1% (w/v), 
yeast extract 1% (w/v), NaCl 0.5% (w/v), sodium glycero¬ 
phosphate 1 % (w/v), maltose 2 % (w/v), lactose 1 % 
(w/v), and 2 % (w/v) agar in water and NaN 3 , Na^CO^ 
and bromocresol purple were used in appropriate quan- 
tities^ The medium used'^ for growth of S. aureus was 
composed of tryptone (oxoid L^) 1% (w/v), Lab-Lemco 
beef extract 0.5% (w/v), yeast extract (oxoid L^,) 0.1% 
(w/v), sodium pyruvate 1 % (w/v), glycine 1 . 2 % (w/v), 
lithium chloride 0.5% (w/v), oxoid agar No. (3) 2% 
(w/v) in water and pH 6.8 (ref. 9). Nutrient broth 
medium, composed of peptone 0.5% (w/v), beef extract 
0.3% (w/v) and pH 6 .8-7.0, was used for the preparation 
of cell mass of S. aureus and iS*. faecalis. The pathogenic 
bacteria S. aureus and S. faecalis were each inoculated 
from agar slant culture to nutrient broth and incubated 
at 37°C under stationary condition for 24 h. After the 
incubation period, the culture was harvested by centrifu¬ 
gation under sterile condition and the pellet so obtained 
was resuspended in sterile isotonic saline. Then the 
cooked prawn meat was immersed in bacterial suspension 
for a period of 30 min. The above process was conducted 
for both S. aureus and S. faecalis. Subsequently the 
samples were packed in mylar pouches for liquid nitrogen 
freezing and in polyethylene packets for conventional 
freezing. The mylar pouches (containing bacteria infested 
prawn meat) were sealed by an automatic sealer and 
immediately after sealing were transferred to liquid 
nitrogen freezing chamber. The freezing was performed 
by liquid nitrogen as a two-step process with the help 
of a semiautomatic electronically controlled freezer, 
designed and developed in our laboratory. The average 
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Figure 1. Growth kinetics of Staphylococcus aureus in cooked prawn 
meat under LN, and conventional freezing and frozen storage. BF 
indicates count before freezing, AF indicates count after freezing. 
Series 1, LN^ frozen sample; Series 2, conventional frozen sample. 

cooling rate was 3°C/min from ambient to ~-10°C and 
then 1.5°C/min from to -40°C. Then liquid 

nitrogen frozen sample and conventional frozen sample 
were stored at -18°C for a period of one year. Bacterial 
counts were made by blending a definite portion of the 
frozen sample with sterile saline water in the ratio 
1:10 in a mortar. The different dilutions were made 
by usual serial dilution technique. Bacterial colonies 
were developed in nutrient agar medium by pour plate 
culture method. The plates were incubated at 3TC for 
24 to 48 h to get the bacterial colonies. Then the number 
of colonies were counted by a colony counter. 

It appears from the results (data not shown) that total 
bacterial count (TBC) diminished slowly during the total 
period of one year in case of conventional frozen sample. 
But in case of liquid nitrogen frozen sample, the count 
diminished rapidly compai'ed to conventional method up 
to 9 months. After 9 months of storage, steep fall in 
count was observed and the count became almost nil 
after 1 year of storage in case of liquid nitrogen frozen 
sample. But more than 50% cells remained viable even 
after 1 year of storage for conventional frozen sample. 
It appears from the results (data not shown) that the 
count of natural coliform bacteria reduced drastically in 
case of liquid nitrogen frozen sample and became nil 
after one month of storage. In contrast, fairly good 
count was observed up to 5 months in case of conven¬ 
tional frozen sample and then the count became nil 
during the period under consideration. Growth kinetics 
of S. aureus for a period of one year under different 
conditions of freezing (both conventional and liquid 
nitrogen) and frozen storage after being applied to prawn 
meat showed 93% reduction in case of liquid nitrogen 
frozen sample; whereas only 43.8% reduction was 
observed in case of conventional frozen sample (Figure 
1). It was observed from figure 1 that liquid nitrogen 
frozen sample showed a little variation up to 5 months 
of storage, whereas from 6 months onwards the count 
was drastically reduced and became nil after 10 months 


Figure 2. Growth kinetics of Streptococcus faecalis in cooked prawn 
meat under LNj and conventional freezing and frozen storage. BF 
indicates count before freezing, AF indicates count after freezing. 
Series 1, LN 2 frozen sample; Series 2, conventional frozen sample. 

of storage. Figure 2 indicates the growth kinetics of S, 
faecalis for a period of one year under different conditions 
of freezing (both conventional and liquid nitrogen) and 
frozen storage after being applied to prawn meat. The 
count was drastically reduced in case of liquid nitrogen 
frozen sample and the count became nil after two months 
of storage. But in case of conventional method of 
freezing, fairly good count was observed up to 4 months 
of storage after an initial drop of 90% and became nil 
during the period under consideration. The interesting 
part of the experiment was that no cryoprotectant had 
been used during freezing of the sample. This is because 
of the fact that the cryoprotectants protect cells and 
tissues during freezing. But in our case, protection of 
prawn tissues and destruction of pathogenic bacterial 
cells are equally important. It was observed that at the 
rates of cooling used in our experiments bacterial cells, 
particularly the pathogenic bacteria, were destroyed but 
the prawn tissues got least damaged. 
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Nerves innervate the ectopic limbs 

Pragnya Das*’^ and P. Mohanty-Hejmadr 

’♦"Department of Zoology, Utkal University, Bhubaneswar 751 004, India 
^Sambalpur University, Sambalpur 768 019, India 

In this communication, we report the innervation of 
the ectopic hindlimbs formed as a result of homeotic 
transformation mediated by vitamin A in the Indian 
jumping frog, Polypedates maculatus (Anura: Rhaco- 
phoridae). Histology and nerve staining revealed that 
the ectopic limbs are innervated. 

It is well known that vitamin A causes severe embryonic 
malformations in several animals ever since their dis¬ 
covery in 1909 (refs 1-3). However, its effect is more 
pronounced in amphibians causing proximodistal, 
anteroposterior and dorsoventral duplication of parts of 
the limbs during limb regeneration in several species 
of amphibians'^"’'*. But the most remarkable of all the 
effects of vitamin A is the homeotic transformation of 
tails to limbs in Uperodon systoma^^. Since then several 
workers have confirmed similar phenomenon, in other 
species of amphibians’^"’^^. As many as 8-9 ectopic limbs 
arise from the tail tissue. The limbs arise either singly 
or in pairs. Most of the ectopic limbs have the normal 
hindlimb structure but none of them is functional. The 
tadpoles dragged the extra limbs and died as a result 
of overgrowth. As the ectopic limbs were functionless, 
it was possible that they were devoid of nerves. The 
present study was therefore undertaken to ascertain 
whether the ectopic limbs of P. maculatus were supplied 
with nerves. 

The egg mass of P. maculatus was collected from 
Utkal University campus in July, 1995 and reared in 
the laboratory up to the hindlimb bud stage following 
the standardized procedure of Mohanty-HejmadP. Prior 
to amputation in the middle of the tail, the tadpoles 
were anaesthetized in MS 222 (tricaine methanesulpho- 
nate) and exposed to vitamin A lOIU/ml for 72 h. 
Following the above treatment they were transferred to 


^For correspondence. 


aerated, conditioned water and allowed to grow till the 
emergence of ectopic limbs. Throughout the experiment 
they were fed with boiled egg and Amaranthus ad 
libitum. Once the ectopic limbs had developed and the 
forelimbs emerged, the tadpoles were fixed in 10% 
buffered formalin. 

For histological studies of the tail region of tadpoles 
with ectopic limbs, the tails of those tadpoles who 
possessed ectopic limbs (Figure 1 a) were amputated 
and fixed in aqueous Bouin’s fluid, embedded in paraffin 
(m.p. 58°C-60°C), sectioned longitudinally at 10 pm 
thickness and stained with Mallory’s triple stain for 
examination under the light microscope. 

Interestingly, histological studies revealed that multiple 
sections of the nerve cord were found in the extreme 
distal and ventral regions of the tail (Figure lb). As 
the limbs always arise from the ventral side, it is quite 
likely that the nerve cord which is located on the dorsal 
side, takes several turns in the distal region of the tail 
to reach the ventral side, perhaps to supply the ectopic 
limbs. As a result, multiple sections of the nerve cord 
were visible on the ventral side in the distal region of 
the tail. 

To be more sure that the ectopic limbs were innervated, 
Sihler’s differential nerve staining technique^’ was used 
on the tadpoles with ectopic limbs. In both the tadpoles 
(Figure 1 c, ^0 a thin, faint nerve could be discerned in 
the ectopic limbs. The continuity of the nerves could 
not be tracked due to the shrinking of the specimens 
during fixation. On the other hand, the nerves innervating 
the normal hindlimbs were thick and prominent (Figure 
1 c) and were therefore easily distinguishable. 

The present study therefore confirms that, because of 
sparse and weak innervation the ectopic limbs are not 
fully functional, although morphologically they are well- 
developed hindlimbs. They are richly vascularized too 
as revealed from histology (unpublished data). Singer^^ 
transplanted the upper arm segments of the adult 
Notophthalmus viridescens, in the flank region of the 
same animal and found that a few of the grafts regene¬ 
rated after some delay. The arms which had regenerated 
contained an average less than one-third of the normal 
density of nerve fibres. A similar fraction of the total 
nerve supply can induce the formation of supernumerary 
limbs when diverted to a surface wound. Thornton and 
Tassava^^ also recorded regeneration in orthotypically 
transplanted arms of Ambystoma mexlcanum larvae which 
were kept sparsely innervated by repeated denervation. 
On the other hand, if the hind brain and trunk nerve 
cord are excised when they first form a neural tube, a 
defective embryo develops which survives and develops 
normally but is incapable of normal movements or 
feeding. The arms develop quite well with either very 
few or no detectable nerve fibres and can reach the 
four digit stage in this species‘\ This might be the 
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Figure 1. a. Supernumerary ectopic limbs in the taib amputated tadpoles of 'following 

exposure to vitamin A lOIU/ml for 72 h. The ectopic limbs were fully dfev^loped ^fter'35—49 
of the initial amputation (x 10). b, Longitudinal section of vitamin A treated tail showing, rpultiple 
sections of the nerve cord (C) on the ventral side (V) of the distal region of the tail!'The'nerve 
cord, supposed to be on the dorsal side is ■ seen here taking a turn from the dorsal side to the 
ventral side (x 100).. c, Sihler’s differential nerve prep.aration shows a thin nerve'(marked by 
arrowhead) in the single ectopic limb of P. maculatus. The normal hind limb shows a thick and 
distinct nerve (marked by arrow) (xll). d, Sihler’s dififerential nerve preparation shows a thin 
nerve (marked by arrowhead) in the paired ectopic limbs 0f"P. maculatus (xll)! 


reason why the ectopic limbs formed m P. maculatus 
in the present study though seemed normal,! umayijmot 
be fully functional because they are sparsely and scantily 
innervated. 
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International Symposium on Apoptosis 

Date: 30-31 October 1998 
Place: Chandigarh, India 

The symposium will provide a forum for the cell and molecular 
biologists working in the area of ‘Programmed cell death’. The 
symposium, besides deliberating on the basic advancement in 
our understanding of the subject, will also focus on the 
‘Apoptosis-targeted therapies’ as the most promising goal of 
this chosen frontier of Biomedical Science. 

Contact: Dr S. N. Sanyal 

Organizing Secretary 

International Symposium on Apoptosis 

Department of Biophysics 

Panjab University 

Chandigarh 160014, India 

Tel: 91-172-541441 extn 1364 

Fax: 91-172-545459 

E-mail; Pulib@puniv.chd.nic.in 


35<ii Annual Convention and Meeting on Continental Margins 
of India “ Evolution, Processes and Potentials 

Date: 18-20 November 1998 
Place: Dona Paula, Goa 

Besides the special theme ‘Continental Margins of India —Evo¬ 
lution, Processes and Potentials’, original research contributions 
are invited for presentation in the following fields: Imaging 
techniques in exploration; Integrated geophysical techniques; 
Solid earth geophysics; Geophysical exploration; Marine geo¬ 
sciences; Atmospheric sciences; Geodynamics; Space sciences 
and planetology. 

Contact: Dr P. R. Reddy 

Honorary Secretary 

Indian Geophysical Union 

NGRI Campus, Uppal Road 

Hyderabad 500 007 

Phone: (040) 7172911 

Fax: (040) 7171564 

E-mail: postmast®csngri.ren.nic.in 
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Pharmaceutical Education. Dr Har- 
kishan Singh. Vallabh Prakashan, SU-221, 
Pitampura, Delhi 110 034. Price: Rs350, 
$40. 204 pp. 


Pharmacists are recognized world over 
as pivotal players in the healthcare system, 
primarily responsible for the final quality 
and therapeutic efficacy of administered 
medicaments, and, consequently, the edu¬ 
cation they receive must equip them to 
contribute at one or several stages of the 
iaboratory-to-clinic’ journey of a phar¬ 
maceutical product. These stages include: 
(a) the new drug discovery process; (b) 
the design, development and manufacture 
of pharmaceutical dosage forms; (c) 
optimization of therapy in the hospi¬ 
tal/clinic; (d) dissemination of product 
information to the practising physician 
and community at large, and (e) the drug 
regulatory process which ensures the final 
quality, safety and efficacy of the phar¬ 
maceutical product. 

Education in the pharmaceutical sci¬ 
ences and technology is therefore multi¬ 
disciplinary and necessitates inputs from 
both basic and applied sciences relevant 
to the drug discovery process and the 
subsequent development, evaluation and 
clinical performance of a new drug mole¬ 
cule and/or its pharmaceutical products. 
The education system must therefore pro¬ 
vide not only multiple avenues for spe¬ 
cialization but also a comprehensive 
foundation. This necessitates the develop¬ 
ment of a system which is liberal enough 
to incorporate and assimilate all the rele¬ 
vant streams of science and technology. 
With the increasingly proliferating know¬ 
ledge base and the concomitant fading 
of barriers between scientific disciplines, 
education must know no barriers and the 
education system must be flexible and 
open to a continuous interdisciplinary ex¬ 
change of knowledge, expertise and 
people. This is of particular importance 
for interdisciplinary sciences such as the 
pharmaceutical sciences. 

Harkishan Singh informs us that phar¬ 
maceutical education in India is imparted 
through a vast network of 290 diploma 
institutions, 62 degree institutions and 
approximately 30 postgraduate program¬ 
mes, with the objective of either qualifying 
registered pharmacists (diploma) or provid¬ 
ing trained manpower to the pharmaceutical 
industry (degree). The role of hospital phar¬ 
macy and clinical pharmacy, both in the 


curriculum as well as in practice, however, 
still remains to be defined. 

While the diploma and degree institu¬ 
tions, both government and private, have 
flourished in India, the evolution and 
progress of postgraduate education has 
been painfully slow, hampered by lack 
of direction and national will. Singh nar¬ 
rates the events that finally led to the 
establishment of India’s first National 
Institute for Pharmaceutical Education and 
Research, NIPER, at Mohali in Punjab, 
as late as 1993-94, even though the idea 
was mooted in the 1950s, when the All 
India Institute of Medical Sciences and 
the five Indian Institutes of Technology 
were set up. 

Till date, despite the increasing demand 
for pharmacy graduates and pharmaceu¬ 
tical scientists, there appear to be no 
plans by the central government to set 
up other such institutes in the country. 
The state governments are strangely reti¬ 
cent on the subject as their portfolios 
and budgets permit a rather short-sighted 
view of postgraduate education, de-linked 
from research. It is ironic that only in 
case of the pharmaceutical sciences have 
the policy makers and educationists of 
this nation failed to recognize the rele¬ 
vance of a sound scientific research base 
as a pre-requisite for quality education, 
and this is despite a flourishing pharma¬ 
ceutical industry in India and the increas¬ 
ing importance of pharmaceutical R&D 
both in India and abroad, in the era of 
globalization, with India a signatory to 
GATT and WTO. 

The setting up of the B.V. Patel PERD 
Centre in 1991, in Ahmedabad, represents 
the first initiative of its kind by the 
pharmaceutical industry and a state 
government to establish a postgraduate 
research institute of excellence. However, 
without the continued financial support 
of the industry and recognition and sup¬ 
port by the Centre, this maiden venture 
maybe starved and its growth and deve¬ 
lopment hampered. Postgraduate research 
and education in the pharmaceutical sci¬ 
ences is clearly at a crossroad and awaits 
its rightful place on the national agenda. 

Much of this and more is the subject 
of Singh’s treatise on pharmaceutical edu¬ 
cation, as he traces the development of 
diploma, degree and postgraduate educa¬ 
tion and research since the introduction 
of pharmacy education in 1860 at the 
Medical College, Madras, culminating 
with the establishment of NIPER and 


B.V. Patel PERD Centre in the early 
1990s. The format of the book provides 
details of important landmarks and a 
chronological listing of events that led 
to the establishment of the major phar¬ 
macy degree and postgraduate institutes, 
with due recognition of the individuals 
who have contributed to the development 
of these educational institutes as well as 
played a role in delineating the policies 
that have influenced the course of phar¬ 
maceutical education. Singh has also high¬ 
lighted the role of professional and 
statutory policy-making bodies, the Phar¬ 
macy Council of India (PCI), the All 
India Council of Technical Education 
(AICTE) and the various advisory com¬ 
mittees which were set up by the Central 
Government, post-independence, to frame 
the health policies of the nation as well 
as the agenda for imparting technical 
education, to train manpower for industrial 
growth and development. 

The most significant outcome of 
Singh’s book is the issues that have 
emerged unresolved, which demand a sol¬ 
ution from the educationists, the profes¬ 
sion and national policy makers. These 
include: (a) the need to delineate two 
distinct paths of pharmaceutical education 
and training “for registered pharmacists 
and hospital and clinical pharmacists, and 
for the pharmaceutical industry and phar¬ 
maceutical research; (b) the debate on 
whether diploma education is adequate 
or be replaced by a 4-year-degree course 
as a minimum qualification for registered 
pharmacists; (c) the ambiguous and in¬ 
adequately defined roles of PCI and 
AICTE, the two bodies which control the 
quality of education imparted; (d) the 
necessity of carving a niche for the phar¬ 
maceutical sciences by establishing sepa¬ 
rate pharmacy faculties, instead of 
subjecting pharmaceutical education to a 
tug-of-war between the Education Com¬ 
mission in Health Sciences and AICTE, 
neither of which can adequately cater to 
the needs of pharmaceutical education 
with its multidisciplinary approach; (e) 
the importance of developing at least one 
model institution in each State, for pro¬ 
viding courses of study in pharmacy, 
along the lines of IITs and IIMs; (f) 
strengthening of doctoral and postdoctoral 
research programmes; and (g) positioning 
pharmacy on the national health, science 
and technology agenda, in recognition of 
its importance in the national and inter¬ 
national scenario. 
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Singh’s book provides a timely oppor¬ 
tunity for introspection as to how it all 
began, how far we have travelled and 
what needs to be done to chart the future 
course. It is hoped that this voice of 
experience will be paid heed to! 

Anisha Pargal 

R V. Patel Pharmaceutical Education and 
Research Development Centre, 

Thaltej-Gandhinagar Highway, 

Thaltej, 

Ahmedabad 380 054, India 


The Refrigerator and the Universe; Un¬ 
derstanding the Laws of Energy. Martin 
Goldstein and Inge F. Goldstein. Univer¬ 
sities Press (India) Ltd. 1997. Reprinted 
by arrangement with Harvard University 
Press, 1993. 433 pp. Rs225. 


Two kinds of people reach for a book 
with this kind of title: the curious young¬ 
sters who are on the lookout for reading 
what is ‘in’ and the aged who need to 
find ways and means to enhance com¬ 
munication while teaching. It was written 
by those who had a need to teach. It 
caters much less to those with a need to 
practise, i.e., practise the application of 
thermodynamics to areas like biology 
wherein disappointment exceeds promises. 

On the positive side, the book is written 
by those who perceived the need for 
learning thermodynamics for didactic rea¬ 
sons. The book attempts to convey a 
strong sense of history. Is the Napoleonic 
injunction (those who do not know history 
are condemned to repeat it!) relevant? 
The book deals with the laws of ther¬ 
modynamics taking the historically rele¬ 
vant examples. Throughout the text, there 
has been a pointed effort to be simple, 
clear and helpful. Whether this helpful 
attitude is a result of having to teach or 
learn from courses in thermodynamics 
(which the authors apparently took) while 
being in the army is not clear. The worth 
of the book is primarily in three areas: 
its simple exposition of basic textbook 
stuff, its capacity to give a historical 
account, including bibliography, of a simi¬ 
lar kind and thirdly its user-friendliness. 
It is basically an undergraduate book in 


its content. It indicates that the authors 
are not particularly aware of or deliber¬ 
ately ignored (unlikely from the references 
they have otherwise given) the shortcom¬ 
ings of thermodynamics as seen in the 
recent decades. Perhaps, the glorious 
debacles on the application of thermo¬ 
dynamics, the unwritten text in this book, 
would have made better reading. On the 
other hand, if you want to know who 
was Carnot (we learn that he was named 
after a Persian poet who was popular in 
France at that time) or Mayer’s heartburn 
over Joule, there are interesting things 
here. If you want to know the basic 
descriptions of the laws, information, en¬ 
tropy, etc., they are all there. The book 
is a compendium of standard reading 
material and touches thermodynamics in 
relation to chemistry, geology, cosmology 
among other things. If we are to go by 
what has been done in physics and 
biology, the description is general and to 
that extent superficial. I believe I have 
stated enough regarding the limitations 
of the book. The book is moderately 
priced and is worth acquiring as an ex¬ 
cellent addition to undergraduate reading 
in physical sciences and even postgraduate 
students in other areas including biology. 

However, I suggest some serious cau¬ 
tion to the readers: while the ideas may 
be alright, it is worth double-checking 
the sources of the statements made in a 
book such as this since it attempts to 
paint a broad canvas. I was taken aback 
by the statement that myoglobin is the 
oxygen-binding protein from the blood 
{sic) of whales while haemoglobin is that 
from humans!!! This is when the clock 
strikes thirteen making us wonder about 
all that has transpired. 

If I am to follow the editor’s views 
on reviewing a book for Current Science, 
I must summarize, however briefly, what 
I would have liked to see here and why 
this approach turns me off, without in 
any way decrying ±e didactic value of 
the book. The major thing about thermo¬ 
dynamics (equilibrium thermodynamics is 
the major concern here barring a small 
reference to nonlinear dynamic systems 
and chaos) is that it is opaque to mecha¬ 
nism. This equilibrium thermodynamics 
has no variables with the dimension of 
time in it. It has a metatheoretic ambience 
in that it makes rules for others to follow. 
In itself, it offers consistency rather than 
proof. Obviously, since physics arrogates 
itself to be theory knowledge (Feyeraband 


once mentioned to me that the reason is 
that the physical laws came from the 
brow of Zeus), thermodynamics has 
attempted, once upon a time (e.g. Lord 
Kelvin), to arrogate itself to a central 
position in physics. Those who fell for 
its charisma mistook the grammarian for 
the poet. That is about the only reason 
we can account for the preoccupation 
with the General Systems Theory of Van 
Bertallanffy followed by Laszlo and many 
others (Arthur Koestler at a more popular 
level). Open systems per se did not lead 
us far. This indeed was followed by 
Brussels school of dissipative structures. 
Predictivity remained elusive. Much read¬ 
ing has become indeed a weariness to 
flesh. Open systems in biology were 
attempted to be explained and even solved 
by formulations on irreversible thermo¬ 
dynamics, starting with Katchalsky 
followed by Kedem, Kaplan and others. 
Curiously the initial formulations them¬ 
selves were wrong, leading to absurdities 
like vectorial cross-coefficients, which 
was pointed out by us in a paper in 
Current Science (Vaidhyanathan, V. S. 
and Sitaramam, V., Curr, ScL, 1991, 62, 
604-608). Response of the practitioners 
(of some 2-3 decades standing) in the 
West was interesting. A primary journal 
in which much of the initial work on 
irreversible thermodynamics was publish¬ 
ed did not wish to publish this 
fundamental error on the grounds that 
‘while the arguments (ours) are right, 
there is no urgency to publish this clari¬ 
fication’! 

Logical positivism notwithstanding, 
much of the Western science is dominated 
by ‘the King is dead, long live the king’ 
syndrome .., except that they themselves 
would prefer to remain the king-makers. 
The lesser mortals may not commit the 
effront of pointing out the errors. Much 
of the progress is also illusory based on 
over-elaborate ‘straw man’ hypotheses. 
Take the case of the so-called metabolic 
control theory. The situation is remini¬ 
scent of Catastrophe theory in the 
seventies which was applied to everything 
from reflections in a swimming pool to 
Vietnam wars and biology. It took Gina 
Bari Kolata to declare in Science in 1970s 
that it is much akin to Emperor’s new 
clothes. Smell also did that among the 
more professional mathematicians. Why 
does this happen? Obviously it stems 
from academic greed. A grammarian may 
not usurp the position of the more utili- 
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tarian researcher who has an application. 
Such theories provide a framework which 
only throws up possibilities for those who 
come with real situations. The latter still 
have the primacy of contribution to the 
real world of empirical science. However 
the temptation to being a know-all is 
probably hard to resist, ‘Substantive’ 
results are unfortunately in the province 
of the empiricists. Physicists have made 
their peace with this dichotomy. Biologists 
and physical biochemists have not. 

Thermodynamics has this tantalizing 
story to tell, probably with much detail 
and discussion. Much of this is still hap¬ 
pening, No one has yet taken the trouble 
to tell. And yet there is a soft undercurrent 
of independent thinkers who apply physi¬ 
cal reasoning to biology in the best tra¬ 
dition of physics, which the practitioners 
of thermodynamics have often forgotten. 
It is the creed of the physicist using the 
formal ideal world to simplilV the obser¬ 
vational space to an ever-decreasing mini¬ 
mum of postulates to achieve a tangible 
description of the real world. There is 
this stoicism, governed solely by parsi¬ 
mony and aided equally exclusively by 
insights, that underlies an increasing num¬ 
ber of publications. This bare-bone 
approach reduces a lot of patterns, struc¬ 
tural and behavioural, to a minimum set 
of rules and processes to explain varied 
patterns, sand piles, coffee stains and 
assorted things. There are those who wish 
to achieve mechanism by using nonlinear 
dynamics, though the approximations so 
made barely model the outline of the 
complex real/biological world. This rea¬ 
soning, however, will gain ground in 
biology too. Classical thermodynamics, 
however inadequate now, also started, as 
all physics, to understand reality in a 
real, empirical way. Or else, why should 
we continue to be preoccupied with ran¬ 
dom movement of suspended pollen 
grains or in the attempt to conquer the 
beauty of form? 

V. SiTARAMAM 

Department of Biotechnology, 

University of Pune, 

Pune 41} 007, India 


Ancient Yoga and Modem Science. 
T. R. Anantharaman. Munshiram Mano- 
harlal Publishers Pvt Ltd, 54 Rani Jhansi 
Road, New Delhi 110 055, 1996. Rs 170. 
103 pp. 


Ancient Yoga and Modem Science is a 
nice slim volume on yoga philosophy 
and its relevance to modern living and 
science. In a short span of 100 pages, 
this volume covers good ground on vari¬ 
ous yogas and their multiple aspects. It 
clearly carries the imprint of the erudite 
personality of its author, T. R. Anan¬ 
tharaman, one of the best known metal¬ 
lurgists of India and a life-long 
practitioner of yoga. 

The author clearly sets out the practical 
and spiritual goals of yoga: ‘In Yoga we 
are concerned with those aspects of 
Paravidya' (spirituality) and Aparavidya 
(science) which have a direct bearing on 
human growth and evolution at different 
levels; the physical, emotional, intellectual 
and spiritual. Thus, in some way, par¬ 
ticularly from the practical view point, 
yoga is even more important for our 
students than science and spirituality as 
such, because of its direct involvement 
in the integrated growth, total health and 
ultimate fulfilment of human being’. In 
support he quotes the Bhagvad Gita: 
'Adhyatma-vidya vidyanam {aham)\ 

Indeed, one of the distinctive features 
of this volume is the chapter ‘On Yoga 
of Bhagvad Gita\ Although the Upa- 
nishads and Patanjalis’ yoga sutras are 
authoritative accounts of yoga, they are 
not as accessible to common man as the 
Bhagvad Gita. It is rarely emphasized in 
books on Yoga philosophy that even 
though the Gita (as the Song of God is 
briefly, affectionately and more com¬ 
monly referred to) is a major work on 
Karma Yoga, it has given enough atten¬ 
tion to other Yogas. Indeed, it gives all 
essentials of Dhyana Yoga in fair detail: 
who is fit to follow it, how to sit, breathe, 
concentrate one’s vision between the eyes, 
make the mind one pointed and practise 
meditation on the self to purify mind- 
intellect complex. And, of course, what 
distinguishes a self-realized yogi and 
sthita-prajna. 

Chapter 6 gives ancient yoga in modem 
idiom. Referring to Yoga Sutras, Upa- 
nishads and the Gita, the author brings 
out aspects of Bahiranga Yoga and 
Antanranga Yoga - the outer-physical and 


mental-and spiritual limbs of yoga 
practices and their effects. The early signs 
of the evolution of a yoga practitioner 
and more basic changes in later stages 
are clearly brought out. For example, the 
first signs of advancement in yoga are 
lightness of body, good physical and men¬ 
tal health, non-covetousness, clearness of 
complexion, pleasing voice, agreeable 
body odour and scantiness of excretions. 
The more advanced yogi becomes a sthita 
prajna (as defined in Gita) with definite 
attributes - beyond passion, fear and 
anger. 

To describe the supramental state that 
a yogi attains to, the author extensively 
quotes Aurobindo, one of the most cere¬ 
bral mystics of modem times: normal 
mental nature and thought are based on 
a consciousness of the finite, but supra¬ 
mental nature is in its very grain a con¬ 
sciousness and power of the infinite; 
hence arises our difficulty in under¬ 
standing and describing supramental na¬ 
ture. He then quotes extensively from the 
Life Divine by Aurobindo to explicate 
the nature and levels of consciousness as 
experienced by Aurobindo himself. The 
phenomenon of shedding of veils - the 
so-called sheaths - to get a tangible view 
of the Ananda state is clearly delineated. 
The author refers to the experiences of 
the French mystic Teilhard de Chardin 
and compares them with those of Auro¬ 
bindo and ones described in the Upan- 
ishads. 

The scientific explanation and connec¬ 
tion with yoga brought out in the book 
(to my understanding) are rather tenuous. 
There are some excellent analogies in the 
book such as from the field of metallurgy, 
the area of scientific specialization of the 
author, and nuclear science to describe 
evolution of consciousness. But these are 
analogies nevertheless, in the same spirit 
as given earlier by the sages; the latter 
referred to real life observations. The 
sterling progress that is now being made 
in this respect is by psychologists and 
physicists in the emerging area of con¬ 
sciousness to which the author refers 
rather briefly. 

I have a couple of points of disagree¬ 
ment with the author. Jawahar Lai Nehru 
was a great humanist and a poet (remem¬ 
ber his tryst with destiny) and, of course, 
a politician, but he can hardly be placed 
in the company of Vinoba Bhave or 
Gandhi. I do not find much discussion 
of Gandhi’s experiments with some 
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aspects of yoga-his devotional regi¬ 
mens, his periods of silence and his inner 
voices. Insistence on bramcharya, a wide 
term which includes celibacy or sexual 
continence, the author avers, is not jus¬ 
tified (p. 39). This may be a practical 
viewpoint in these permissive days, when 
celibacy is difficult to practise, but all 
the great men the author refers to (p. 
40) who lived long following a yogic 
discipline were known for their puritanical 
ways. These include Maharshi Karve, 
M. Visvesvarayya, B hag wan Das, C. 
Rajagopalachari and Morarji Desai. 

What 1 sorely missed in the book was 
some personal experiences of the author 


in the realm of spirituality and anubhuti. 
Perhaps, in the true Indian tradition, he 
was not keen to let them be known. 

A conspicuous absence in the book is 
the discussion of the philosophy of 
Ramana Maharshi, the sage who first 
attained realization and then propounded 
his ideas. He verified the Vendantic truths 
in the light of his own experiences. 

Altogether, however, Ancient Yoga and 
Modem Science is an excellent addition 
to books on yoga written in a lucid style 
reflecting the professorial background of 
the author. It can serve a good introduc¬ 
tion to yoga philosophy and practice. The 
foreword by D. P. Chattopadhaya is 


entirely in consonance with the theme of 
the book. The book has been prepared 
elegantly in the series ‘History of Indian 
Science, Philosophy and Culture’. It has 
a pleasing look and compares very well 
with the series on Indian philosophy pub¬ 
lished by State University of New York 
at Stony Brook. The reviewer recom¬ 
mends it to all those \vho are seelcing 
answers to some of the perennial ques¬ 
tions. 

P. L. Sachdev 

Department of Mathematics, 

Indian Institute of Science, 

Bangalore 560 012, India 


ORISSA BIGYAN ACADEMY 

SAMANTA CHANDRA SEKHAR AWARD FOR 1997 

(FOR ORIYA SCIENTISTS WORKING OUTSIDE ORISSA) 

The Government of Orissa, Department of Science and Technology has instituted one Samanta Chandra Sekhar 
(SCS) Award to be given each year for outstanding research contributions, during the five years preceding the 
year of the award by Oriya Scientists, working outside the State of Orissa, in any area of (1) Physical Sciences, 
(2) Life Sciences, (3) Engineering and Technology. Persons to be eligible for consideration for this award (a) 
should be Oriya by birth or domicile, (b) should have passed at least one of the following examinations from 
any recognized Institution/Board/University in Orissa. 

(i) . Higher Secondary. 

(ii) Graduate degree in any branch of Science, Engineering and Technology. 

(iii) Post-Graduate degree in any branch of Science, Engineering and Technology. 

The value of the award is Rs 15,000 (Rupees fifteen thousand only) and this is to be awarded through the 
Orissa Bigyan Academy. Nominations for this award for the year 1997 are invited from Heads of Research 
Institutions/Laboratories/Universities/Colleges/Heads of concerned P.G. Departments in Universities or Colleges 
in public or private sector, inside/outside the State of Orissa and from S.C.S. Award winners. Nominations 
from other responsible Citizens/Government Departments may also be considered subject to their acceptance 
by the Executive Council of the Academy. Five copies of the duly filled-in nomination proforma, along with 
other particulars stated therein, are to be sent to the address mentioned at the bottom. The Secretary may 
please be contacted, either by post or in person for obtaining nomination proforma and other particulars. The 
last date for receiving nominations for this award is 18 August (Tuesday) 1998. 

Secretary, Orissa Bigyan Academy, Type-4R/25, Unit-IX(F), Bhubaneswar 751 007. Phone: 412468 
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TROPICAL BOTANIC GARDEN AND RESEARCH 

INSTITUTE 

(An Autonomous Organization under Government of Kerala and 
National Centre of Excellence of Government of India) 

Palode, Thiruvananthapuram 695 562 

Director, Tropical Botanic Garden and Research Institute, Palode, Thiruvananthapuram 
recognized as a National Centre of Excellence on Biodiversity invites application from 
eminent Taxonomists who have distinguished track record of excellence in the field of 
plant taxonomy for the Chair of Taxonomy. The person should possess a doctorate 
degree in taxonomy, with track record of holding important positions in the field of 
Taxonomy nationally/intemationally for a period of 30 years or more. The Institute is 
looking for eminent scholars who are active in the field of Taxonomy after 
superannuation on an honorarium of Rs 7000 per mensem. The duties involve 
assistance to the organization in taxonomy research and capacity building at the 
Tropical Botanic Garden and Research Institute. The period of appointment is initially 
for three years and extendable for another two years at the discretion of the Director. 
Those interested may send their resume/curriuculum vitae with a list of publications to 
the Director, Tropical Botanic Garden and Research Institute, Karimancode, Palode, 
Thiruvananthapuram 695 562 on or before 30 May 1998. 
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INDIAN INSTITUTE OF CHEMICAL BIOLOGY 

4, RAJA S.C. MULLICK ROAD, JADAVPUR, 
CALCUTTA 700 032 

ADVERTISEMENT NO. TECH-2/98 

Applications are invited from the Indian citizens for the following posts in the 
Indian Institute of Chemical Biology, Jadavpur, Calcutfa 700 032 under Council 
of Scientific and Industrial Research, New Delhi. 


1. Technical Officer, Gr-lll (5): One post, Scale of pay: Rs 10000-325-15200 
(plus allowances as admissible to Council employees), 

Essential qualification. 1st Class M.Sc, in Biology, Life Science or in Pharma¬ 
ceuticals Science. Research experience in the field of Radio Pharmaceuticals 
used in nuclear imaging. 

Desirable qualification: Should be able to carry out research independently 
and be able to supervise junior members of the Department In their daily 
work. Adequate knowledge for developing technical knowhow for evaluation 
of New Radio Pharmaceutical. 

Experience: Nine years research experience, evidenced by publications in 
reputed journals. 

Age: 40 years as on 1 April 1998 (relaxation in the cases of SC/ST/OBC as 
per rule). 


2. Technical Officer, Gr-ill (4) (Photography): One post. Scale of pay Rs 
8000-275-13500 (plus allowances as admissible to Council employees). 

Essential qualification: 1st Class B.Sc./M.Sc. or equivalent with minimum 55% 
marks with Diploma in Photography. Experience in colour photography; prepa¬ 
ration of slides. 

Desirable: Experience in photography of science documents/expertise in power 
point preparation of slides and photography. 

Experience: Eight years experience in photography work. 

Age: 35 years as on 1 April 1998 (relaxation in the cases of SC/ST/CBC 
candidates as per rule). 

Contd... 
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Relaxation can be made in age limit, qualification, and/or experience in 
case of exceptionally meritorious candidate (open for both Departmental and 
outsiders), 

interested candidates may apply on the prescribed Application Form 
obtainable free of cost from the Controller of Administration, iiCB, Calcutta 
700 032 by sending a self-addressed envelope superscribing the name of post 
applied for, affixing postal stamp worth Rs 2.50 only on or before 18 May 

1998. 

Complete application form along with copies of certificates/testimonials and 
application fee of Rs 25 in the form of crossed I.P.O. drawn in favour of 
Indian Institute of Chemical Biology, 4, Raja S.C, Mullick Road, Jadavpur, 
Calcutta 700 032 should reach by 28 May 1998, Candidates belonging to 
SC/ST categories are exempted from payment of application fee. 

If the number of applications received for a post is large, the Screening 
Committee may adopt higher criteria for short-listing candidates to be called 
for interview/tests. The decision of the Director, IICB, in this behalf will be final. 

Candidates invited for interview, will be paid single 2nd Class train fare from 
the place of their residence to Calcutta/ilCB and back. 


GENERAL CONDITIONS 

1. The name of post applied for and its serial number as appeared in the 
advertisement must be clearly indicated in the Application Form. 

2. The post carries usual allowances as admissible under the Central Govern¬ 
ment Rules as applicable to the Council of Scientific & Industrial Research, 

3. Applications from the candidates working in Govt Departments, Public 
Sector Organizations and Govt-Funded Research Agencies, will be consid¬ 
ered only if forwarded through proper channel and with a clear certificate 
that the applicant will be relieved within one month of receipt of the 
appointment order. 

4. Mere fulfilling of the minimum prescribed qualification and experience will 
not vest any right in a candidate for being called for interview. The Institute 
reserves the right to call for interview only those candidates, who, in its 
opinion, are likely to be suitable and will not entertain any correspondence 
in respect of other applicants. 

5. Canvassing in any form or bringing in any influence political or otherwise, 
will be treated as disqualification for the post. 

6. No interim enquiries will be entertained. 


(N, Prakasam) 
ADMINISTRATIVE OFFICER 
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SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL 
SCIENCES & TECHNOLOGY 
THIRUVANANTHAPURAM 695 011 

(An Institution of National Importance under Government of India) 

Invites applications from Indian nationals for the following posts:- 

1. PROFESSOR OF CARDIOLOGY AND NEURO-SURGERY (Vacancy - 1 each) 

Rs 5900-200-7300/- (pre-revised). Upper age limit: 50 years as on 30 April 1998. 

Qualification & Experience: 12 years of teaching and/or research experience after obtaining 
DM/M.Ch in the speciality or its equivalent qualification in the case of 2-year course and 
eleven years after DM/M.Ch in the case of 3-year course and seventeen years after MBBS 
with DM/M.Ch in the case of direct course. 

Desirable: (1) Experience of active participation and sharing of responsibility in 
administrative and academic activities of a well-organized department in the speciality 
concerned/experience in running research projects. 

(2) Adequate research experience as evidenced by quality research publications in indexed 
journals. 

2. ASSOCIATE PROFESSOR IN RADIOLOGY (Vacancy - 2) 

Rs 4100-125-4850-150-5300/- (pre-revised). Upper age limit: 45 years as on 30 April 
1998. 

Qualification & Experience: Six years of teaching and/or research experience after 
obtaining MD in the speciality. 

Desirable: Adequate research experience as evidenced by publications. 

3. ASSOCIATE PROFESSOR IN CARDIOLOGY (Vacancy - 1) 

Rs 4100-125-4850-150-5300/- (pre-revised). Upper age limit: 45 years as on 30 April 
1998. 

Qualification & Experience: Four years of teaching and/or research experience after 
obtaining DM in the speciality or its equivalent qualification in the case of 2-year course and 
three years after DM in the case of 3-year course and nine years after MBBS with DM in 
the case of direct 5-year course. 

Desirable: Adequate research experience as evidenced by publications. 

4. ASSISTANT PROFESSOR IN RADIOLOGY (Vacancy - 2), ANAESTHESIOLOGY 
(Vacancy - 1) and PATHOLOGY (Vacancy - 1). 

Rs 3500-125-4500/- (pre-revised). Upper age limit: 40 years as on 30 April 1998. 

Qualification <& Experience: Three years of teaching and/or research experience after 
obtaining MD in the speciality. 

Note: (1) Must have a medical qualification included in the Indian Medical Council Act 1956 
and Registration with the Central/State Medical Registration Council for the above posts.(2) 
Wherever applicable equivalent qualifications, for example, FRCP(C) etc. will also be 
considered as sufficient qualification. (3) In the case of Postdoctoral certificate course 
holders of this Institute in Anaesthesia and Radiology, one year duration of the course will 
be considered as teaching/research experience. 
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5. ASSISTANT PROFESSOR IN EPIDEMIOLOGY/BIOSTATICS/HEALTH 
ECONOMICS/MEDICAL ANTHROPOLOGY/HEALTH PLANNING & POLICY 

Rs 3500-125-4500/- (pre-revised). Upper age limit:: 40 years as on 30 April 1998. 

Qualification & Experience: Three years of teaching and/or research experience after 
obtaining Ph D (non-medical) OR MD or its equivalent qualification in any branch of 
Medicine with 3 years experience in the relevant field. 

6. SCIENTIST D (NEUROSCIENCES) (Vacancy - 1). 

Upper age limit: 45 years as on 30 April 1998. Scale of pay: Rs 3500-125-4500/- (pre¬ 
revised). 

Qualification & Experience: Ph D in Biological Sciences with 4 years experience. 

Desirable: Hands on experience in Molecular Biological techniques and applications. 

7. SCIENTIST D (Vacancy - 1). 

Upper age limit: 45 years as on 30 April 1998. Scale of pay: Rs 3500-125-4500/- (Pre¬ 
revised). 

Qualification & Experience: Ph D with 4 years experience in Polymer processing. 

Desirable: R&D experience in Design and Development of products including 
commercialization. 

8. SCIENTIST B (Vacancy - 1). 

Upper age limit: 30 years as on 30 April 1998. Relaxable up to 5 years for internal 
candidates. Scale of pay: Rs 8000-275-13500/- (revised). 

Qualification: A first class in B Tech or M Sc in ceramics/materials science/physics. 

Desirable: One to two years of experience in Ceramic Processing and Characterization. 

9. ASSISTANT ADMINISTRATIVE MEDICAL OFFICER (Vacancy - 1). Rs 

8000-275-13500/- (revised). Upper age limit: 40 years as on 30 April 1998. 

Qualification & Experience: (1) MBBS from a recognized University; (2) Five years standing 
in the profession; (3) Proven aptitude for hospital administration. 

10. ASSISTANT REGISTRAR (Vacancy - 1). 

Rs 6500-200-10500/-. Upper age limit: 40 years as on 30 April 1998. 

Qualification & Experience: Must be a Graduate of a recognized University. Ten years of 
experience, of which 5 years should be in supervisory capacity in an Educational Institute. 

Must be conversant with various functions of University including procedures in holding 
examination, grant of degrees and diplomas, management of students hostel, etc. Working 
knowledge in computer information retrieval will be considered as an additional 
qualification. 

11. SCIENTIFIC ASSISTANT (Vacancy - 1). 

Rs 5500-175-9000/-. Upper age limit: 35 years as on 30 April 1998. 

Qualification & Experience: (1) Diploma (3-year course) in Mechanical Engineering/Plastics 
Engineering or equivalent qualification with 5 years experience in polymer processing/die 
design and development. 
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12. SPEECH THERAPIST (Vacancy - 1). Rs 5500-175-9000/-. Age limit: 35 years as on 
30April1998. 

Qualification & Experience-. M Sc (Speech & Hearing) OR B Sc (Speech and Hearing) with 
2 years experience. 

13. LAB TECHNICIAN (Vacancy - 1). Rs 4500-125-7000/-. Age limit: 35 years as on 30 
April 1998. 


Qualification & Experience: (1) B Sc Degree from a recognized University; (2) Pass in 
Diploma/Certificate course in Medical Laboratory Technology from a Medical College; (3) A 
minimum of one-year experience in a laboratory OR B Sc (M.L.T.) from a recognized 
University and 1 year experience in a clinical laboratory. 


GENERAL CONDITIONS 

1. All posts carry allowances at Central Government rates. 

2. Academic staff recruited will be eligible for addition of up to 5 years to the qualifying 
service for pension in accordance with the rules of the Institute. 

3. Non-practising allowance at Central Government rate will be granted to medical 
personnel. 

4. Age, qualification and experience relaxable in exceptional cases as per rules. 

5. The Institute reserves the right for shortlisting the applications on the basis of 
qualification and length of relevant experience and therefore all minimum qualified 
candidates may not be called for interview. 

6. A panel valid for 1 year will be prepared and appointment will be made subject to 
availability of vacancy/requirement. 

7. Persons working under Central/State Government or in a Public Sector Undertaking 
should submit their application through proper channel. 

8. Any attempt to influence the Selection Commitee or the Institute directly or indirectly will 
disqualify the candidates. 

9. In all matters pertaining to this advertisement, the decision of the Institute shall be final 
and binding. 

Application typed on plain paper with bio-data of the candidate and attested copies 
of certificates to prove qualification, age, experience, etc. should reach the undersigned on 
or before 25 May 1998. 


DIRECTOR 

Advt. No. P & A.II/44/SCTIMST/98 dtd. 21.04.98 
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INDIAN SCIENCE CONGRESS ASSOCIATION 
Announcement for Awards: 1998-99 


Professor Hire Lai Chakravarty Awards: 

Applications in prescribed forms are invited from Indian scientists, below 40 
years of age as on 31 December 1997 with Ph D degree, having significant 
contributions in any branch of Botany . either pure or applied. There are two 
awards, each carries a cash amount of Rs 4,000/- and a certificate. The 
awards are given on original independent published work carried out in 
India within three years prior to the award. Each awardee will be required to 
deliver a lecture on the topic of his/her specialization during Annual Session 
of the Indian Science Congress in the Section of Botany. Last date for 
submitting application is 15 July 1998. 

Pran Vohra Award: 

Applications in prescribed forms are invited from Indian scientists, below 35 
years of age as on 31 December 1997 with PhD degree in Agricultural 
Sciences from any University or Institution in India, having made significant 
research contributions in any branch of Agricultural Sciences. Only research 
done in India will be considered for the award. The award carries a cash 
amount of Rs 5000/- and a certificate. The awardee will be required to 
deliver a lecture on the topic of his/her specialization during Annual Session 
of the Indian Science Congress in the Section of Agricultural Sciences. Last 
date for submitting application is 15 July 1998. 

For proforma of application forms and necessary information, please write 
to the General Secretary, Indian Science Congress Association, 14, Dr 
Biresh Guha Street, Calcutta 700 017. 
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DEPARTMENT OF SCIENCE AND TECHNOLOGY 
(International Division) 

JOINT RESEARCH PROJECTS UNDER INDO-KAZAKH 
S&T COOPERATION 

Department of Science and Technology, Government of India and Ministry 
of Science - Academy of Sciences, Government of the Republic of 
Kazakhstan jointly, invite applications from scientists and researchers for 
support under Indo-Kazakh Agreement on Cooperation in Science and 
Technology for developing and implementing joint research projects in 
specific areas of Advanced Materials, Biotechnology, Catalysis, Earth 
Sciences, Energetics (Bioenergy, Solar Photovoltaic, Solar Thermal and 
Wind Energy), Informatics, Mineral Processing, peaceful uses of Atomic 
Energy, Petroleum Refining, Remote Sensing, Telecommunications and 
Computer Science. Cooperation could, however, be undertaken in other 
S&T areas, as and when required, with mutual consultation with the 
coordinating agencies. The proposals are required to have the 
endorsement of both Indian and Kazakh coordinators. The financial 
support would be provided by DST in terms of international fare to Indian 
researchers and hospitality to Kazakh researchers, as per the terms 
agreed upon between India and Kazakhstan. 


Application forms along with guidelines may be obtained from: 


Mr. A.K. Kaira 

Director and Coordinator 

Indo-Kazakh S&T Cooperation 

International Division 

Department of Science and Technology 

Technology Bhavan, New Mehrauli Road 

New Delhi 110 016. 


Request for application forms may be made latest by 10 July 1998 
along with a self-addressed envelope (12 cm x 27 cm). Project proposals 
completed in all respect should be submitted latest by 20 August 1998. 
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WATER TECHNOLOGY CENTRE 

INDIAN AGRICULTURAL RESEARCH INSTITUTE 
NEW DELHI 110 012 


Applications for the position of Senior Research Fellows are 
invited under Prof. S.K. Sinha, National Professor and Dr 
Renu Khanna-Chopra, National Fellow, (ICAR Projects) with 
a remuneration of Rs 2,500/- per month (Fixed/Consolidated) 
plus HRA with the qualification of M Sc in Plant Physiology/ 
Biochemistry/Botany/ Molecular Biology. Research experience 
in Biochemistry is desirable. 


The laboratory is involved in work Abiotic Stress Tolerance 
which include drought and temperature stress. The objective is 
to identify traits and molecular markers for stress tolerance. At 
present some work on the expression of heat shock and water 
stress response proteins is in progress. There are plans to 
develop transgenics for over-expression of some genes in 
stress tolerance. 


The Senior Research Fellow will be allowed to register for Ph D 
at a University other than lARI. The application should reach Dr 
Renu Khanna-Chopra, National Fellow, Water Technology 
Centre, Indian Agricultural Research institute, New Delhi 
110 012 within ten days of publication of this advertisement in 
Current Science. 
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DEPARTMENT OF SCIENCE & TECHNOLOGY 
STA Fellowship Programme 

{Postdoctoral Fellowships in Japanese National Laboratories) 

Department of Science and Technology (DST), a Responsible Organization (RO) of 
India for STA Fellowship Programme 1998 of Science & Technology Agency (STA) of 
Government of Japan, invites applications from promising and qualified researchers for 
Postdoctoral Fellowships to conduct research at Japan’s national laboratories and public 
research corporations (excluding universities and university-affiliated institutes). There 
are 8 long-term fellowships (6 months to 2 years) and 8 short-term fellowships (1-3 
months) to be nominated by DST. 

1. Fields of research 

All fields of Science & Technology, except social sciences and humanities. 

2. Fellowship tenure, date of commencement, topic and other terms 

a. The duration of long-term fellowship is 6 months to 2 years and short-term fellowship 
is 1-3 months. 

b. The date of commencement of fellowship should be between 1 December 1998 and 
31 March 1999. 

c. The exact duration, dates and topic/field of research should be decided upon through 
negotiation between the candidate and the host institute. 

d. The results of research activities produced during the tenure will be subject to the 
regulations of the host institute. 

3. Eligibility requirements 

The applicant should; 

a. be an Indian citizen holding a Ph.D. degree and be affiliated to any university of 
research organization or industry conducting research in India. Any science or 
engineering discipline can be considered except military R&D; 

b. be under 35 years of age for long-term fellowship (no age limit for short-term 
fellowship); 

c. have finalised the plan of research work to be conducted during the fellowship 
tenure, with the prospective host institute and should be able to attach their consent 
as per Form-2 of the application format which includes signatures of the host scientist 
as well of head of the host institution; 

d. be of sufficient good health to pursue research activities in Japan; 
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e. have sufficient language ability to pursue research activities in Japan, Japanese 
language ability is preferable, but English is sufficient in most cases. With the 
agreement of the host research institute, other languages may suffice. 

f. be able to forward the application through proper channel of the parent institution. 

4. Host Institutes in Japan 

Fellows can conduct their research in Japanese National Laboratories belonging to 
various Government Ministries and Agencies, Non-Profit Organizations and Prefectural 
Research Institutes. List of such host institutes along with full address and contact 
numbers is provided with the application materials. 

5. Fellowship awards 

Fellowships include round-trip air tickets (economy class; not available for dependents) 
and the following allowances: 

a. Living allowance: Yen 270,000 a month. 

b. Family allowance: Yen 50,000 a month if Fellows are accompanied by one or more 
of dependents during their tenure. 

c. Housing: Apartments will normally be provided to awardees. The apartment floor 
area is 40 sqm for awardees unaccompanied by their family and 60 sqm for awardees 
to stay with their family in other than metropolitan areas such as Tokyo. If an 
awardee prefers to use a larger apartment because of the family size or otherwise. 
Yen 106,000 maximum per month may be paid as housing allowance; any shortfall 
is to be borne by the awardee, short term fellows will necessarily be requested to 
stay in hotels. 

d. An initial international settling-in allowance Yen 200,000 (this amount is less in the 
case of short stays.) 

e. An annual allowance of up to Yen 115,000 for travel within Japan related to research 
activities. 

f. Medical insurance (N.B: not available for dependents). 

6. Assistance for Fellows 

If they wish. Fellows may take advantage of the following assistance: 

a. Free Japanese language courses for fellows whose host research institutes are in 
Tsukuba area. Fellows where institutes are located elsewhere are entitled to re¬ 
imbursement of reasonable amounts for language tuition at a private school. (N.B: 
not available for dependents); 

b. Since most apartments in Japan are unfurnished, basic furniture and electric appliances 
will be provided free of charge to fellows; 

c. Counseling on problems relating to such aspects of daily life as children’s schooling, 
medical care and shopping, is available for Fellows living in Tsukuba area. 
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7. Procedure for application 

There are two ways of applying for STA Fellowship programme: (i) Application through 
Responsible Organization (RO) and (ii) Application through Host Institute, as explained 
below; 


7.1 Application through RO (DST) 

Interested researchers/scientists from India should send a request for the application 
materials to DST (address given at the end), consisting a format for application and 
list of host institutions. The applicant should communicate with host research institutes 
of interest to ascertain their suitability for the applicant’s area of specialization. After 
agreeing with the prospective host institute on the subject of research, the length of 
tenure and starting date for the Fellowship, the applicant should obtain from the institute 
a formal letter of acceptance expressing its willingness to serve as a host, in Form-2 
of the application with necessary signatures of the host scientist as well as the head 
of the institution. Submit the completed application form and the letter of acceptance 
to DST. DST will then screen the applications, and send its recommendations to Japan 
Science and Technology Corporation (JST). JST will then conduct a further screening 
and notify successful applicants by sending Letter of Award through JISTEC. 

7.2 Application through Host Research Institute 

In this, applicants should send enquiries directly to host institutes of interest. This 
should be done using the Form-1 in the STA Fellowship Programme brochure. The 
institute will screen the applicant and, if willing to pursue the application, will request 
him/her to send pertinent documents and information. These will then be sent along 
with a letter for recommendation to JST through JISTEC twice a year, usually in 
January and in June. JST will then conduct further screening and notify successful 
applicants by sending a letter of Award through JISTEC. The host research institute 
concerned will also be informed in this respect. Fellowship brochure for applying through 
this procedure also can be obtained from DST. 

8. Application materials can be obtained by sending a request to the following address 
along with a self-addressed unstamped envelope (slightly bigger than A4 size). It should 
be clearly indicated in the request if the application material is being requested for 
applying through DST or through the host institute as per para 7 above by inscribing 
on the envelope ‘STA Fellowships 1998-DST’ for applying through DST and ‘STA 
Fellowships 1998-HOST’. 

Deadline for request of applications: 15 June 1998 

Deadiine for submission of applications through DST: 31 July 1998 

Contact address: G Padmanabham, Principal Scientific Officer, International Division, 
Department of Science & Technology, New Mehrauli Road, New Delhi 110 016. 


CURRENT SCIENCE, VOL. 74, NO. 9, 10 MAY 1998 


811 




Current Science 




Special Publications 




Title 

Guest Editor 

India 

(Rs) 

Price 

Abroad 

(US$) 

1. 

S. N. De and Cholera Enterotoxin 

P. Balaram 

50 

12 

2. 

The Ramachandran Map and Protein and 
Peptide Structures 

P. Balaram 

50 

12 

3. 

Waves and Symmetry 

G. Srinivasan 

50 

15 

4. 

A Celebration of Colour in Astronomy 

G. Srinivasan 

175 

20 

5. 

Clinical Research and Health Care in 
Developing Countries 

G. N. Menon 

50 

12 

6., 

Biotechnology in India 
(copies out of stock) 

P. Balaram 

— 


7. 

Remote Sensing for National Development 
(copies out of stock) 

M. G. Chandrasekar, 

B. L. Deekshatulu, 

V. Jayaraman, George Joseph, 

R. L. Karale, K. Kasturirangan, 

S. Krishnamurthy, K. Radhakrfshnan 



8. 

Extinct Plants, Evolution and Earth's History 

B. S. Venkatachala, 

C, V. Subramanian 

70 

20 

9. 

Seismology in India - An Overview 

Harsh K. Gupta 

100 

20 

10. 

Alzheimer's Disease: An Emerging 

Issue for the Developing Countries 

.George M. Martin 

150 

15 

11. 

Artificial Intelligence 

R. Narasimhan 

100 

12 

12 . 

Quaternary Period in India 

K. S. Valdiya 

150 

20 

13. 

Pollination Biology in Tropics 

K. S. Bawa, K. N. Ganeshaiah, 

R. Uma Shaanker 

100 

12 

14. 

Inner Planets 

R. N. Singh 

150 

25 

15. 

Condensed Matter Science - Current 

Status and Plan for Action 

T. V. Ramakrishnan, 

S. V. Subramanyam 

150 

20 

16. 

Neuroscience - A rnultidisciplinary approach 

P. N. Tandon, 

Raghavendra Gadagkar 

150 

20 

17. 

Reproductive Biology 

T. C. Anand Kumar 

150 

20 

18. 

Animal Welfare 

K. N. Ganeshaiah, 

Anindya Sinha 

150 

20 

19. 

AIDS in Asia 

David E. Bioom 

150 

20 

20. 

Indian Remote Sensing Satellite - IRS-1C 

- 

300 

30 

21. 

JGOFS (India) 

S. Krishnaswami and R.R. Nair 

150 

20 

Contact: The Circulation Department, Indian Academy of Sciences, P. B. No. 8005, Bangalore 560 080, India. 

Tel.: 91-80-334 2546; Grams: ACADEMY; Telex: 845-2178 ACAD !N; Fax: 91-80-334 6094; email: currsci@ias.ernet.in 


812 


CURRENT SCIENCE, VOL. 74, NO. 9, 10 MAY 1998 






CURRENT SCIENCE 

A fortnightly journal of research 

Editors: P. Balaram and S- Ramaseshan 


Editorial Board 

V* H. Arakeri, Departments of Mechanical and Civil Engineering, 
Indian Institute of Science, Bangalore 560 012 
S. Arunachalam, Department of Humanities and Social Sciences, 
Indian Institute of Technology, Chennai 600 036 

J. Chandrasekhar, Department of Organic Chemistry, Indian 
Institute of Science, Bangalore 560 012 

D. Chatterji, Centre for Cellular and Molecular Biology, 
Hyderabad 500 007 

S, G. Dani, School of Mathematics, Tata Institute of Fundamental 
Research, Mumbai 400 005 

R. Gadagkar, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

K. N. Ganeshaiah, Department of Plant Genetics and Breeding, 
University of Agricultural Sciences, Bangalore 560 065 

V. K. Gaur, Indian Institute of Astrophysics, Bangalore 560 034 

R. M. Godbole, Centre for Theoretical Studies, Indian Institute of 
Science, Bangalore 560 012 

K. Gopalan, National Geophysical Research Institute, Hyderabad 
500 007 

N. V. Joshi, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

C. C. Kartha, Division of Cellular and Molecular Cardiology, Sree 
Chitra Tirunal Institute for Medical Sciences and Technology, 
Thiruvananthapuram 695 011 
A. V, Khare, Institute of Physics, Bhubaneswar 751 005 

S. S. Krishnamurthy, Department of Inorganic and Physical 
Chemistry, Indian Institute'of Science, Bangalore 560 012 

S. Krishnaswami, Physical Research Laboratory, Ahmedabad 
380 009 

S. C. Lakhotia, Department of Zoology, Banaras Hindu 
University, Varanasi 221 005 

K, Muralidhar, Department of Zoology, University of Delhi, Delhi 
110 007 . 

R. NItyananda, Raman Research Institute, Bangalore 560 080 

T. J. Pandian, School of Biological Sciences, Madurai Kamaraj 
University, Madurai 625 021 

G. Prathap, Structures Division, National Aerospace Laboratories, 
Bangalore 560 017 

.Y- S. Rajan, Confederation of Indian Industry, New Delhi 110 003 
M. Ramakrishnan, Airborne Mineral Surveys and Exploration 
Wing, Geological Survey of India, Bangalore 560 078 
A. V. Ramani, T. T. K. Pharma Ltd, Bangalore 560 025 
G. S. Ranganath, Liquid Crystal Laboratory, Raman Research 
Institute, Bangalore 560 080 

S. Rangarajan, INSAT Master Control Facilities, Hassan 573 201 
P. N. Shankar, Computational and Theoretical Fluid Dynamics 

Division, National Aerospace Laboratories, Bangalore 560 017 
S. R. Shetye, Physical Oceanography Division, National Institute 
of Oceanography, Goa 403 004 
V. Siddhartha, No. 51, Bharati Nagar, New Delhi 110 003 
G. Srinivasan, Raman Research Institute, Bangalore 560 080 
R. Srinivasan, Raman Research Institute, Bangalore 560 080 
R. Uma Shaanker, Department of Crop Physiology, University of 
Agricultural Sciences, Bangalore 560 065 
K. S. Valdlya, Jawaharlal Nehru Centre for Advanced Scientific 
Research, Bangalore 560 064 

M. Vidyasagar, Centre for Artificial Intelligence and Robotics, 
Bangalore 560 001 


Current Science, founded in 1932, is published by the Current 
Science Association in collaboration with the Indian Academy 
of Sciences. The journal is also intended as a medium for 
communication and discussion of important issues that 
concern science and scientific activity. All articles published in 
Current Science, especially editorials, opinions and 
commentaries, letters and book reviews, are deemed to reflect 
the individual views of the authors and not the official points of 
view, either of the Current Science Association or of the Indian 
Academy of Sciences. 


Working Committee, Current Science Association 

N. Balakrishnan, Indian Institute of Science, Bangalore 
P. Balaram, Indian Institute of Science, Bangalore 
R. Chidambaram, Department of Atomic Energy, Mumbai 
C. M. Gupta, Centra! Drug Research Institute, Lucknow 
K. Kasturirangan, Department of Space, Bangalore 
N. Kumar, Raman Research Institute, Bangalore (Vice-President) 
N. V. Madhusudana, Raman Research Institute, Bangalore 
(Secretary) 

R. A. Mashelkar, Council of Scientific and Industrial Research, 
New Delhi (Vice-President) 

N. Mukunda, Indian Institute of Science, Bangalore 
A. E. Muthunayagam, Department of Ocean Development, New 
Delhi 

R. Narasimha, National Institute of Advanced Studies, Bangalore 

R. Ramachandran, The Institute of Mathematical Sciences, 
Chennai 

P. Rama Rao, Atomic Energy Regulatory Board, Mumbai 

S. Ramaseshan, Raman Research Institute, Bangalore 
(Treasuref) 

M. S. Valiathan, Manipal Academy of Higher Education, Manipal 
(President) 

Editorial Office 

Editorial staff 

Chandrika Ramesh, G. Madhavan, Manjull Maheshwari, C. S. Ravi 
Kumar, M. S. Venugopal 


Circulation and Accounts .. 

Peter Jayaraj, Ranjini Mohan, B. Sethumani. Shanthi Bhaskar, 
B. K. Shivaramiah, R. Shyamala 


Annual subscription 1998 



Personal 

Institutions 

Industries 

India Rs 150 

Rs 350 

Rs 700 

All other countries US $50 

(AIR MAIL) 

us $200 


Single copies other than special issues: Rs 50/US $15 1 


Editorial Office: CURRENT SCIENCE 
C. V. Raman Avenue 
P. B.8001 

Bangalore 560 080, India 
Telephone: 91-80-334 2310 
Fax: 91-80-334 6094 
email: currsci@ias.ernet.in 

Copyright ©1998, Current Science Association 











CURRENT SCIENCE 

A fortnightly journal of research 

Editors: P. Balaram and S. Ramaseshan 


Editorial Board 

V, H. Arakeri, Departments of Mechanical and Civil Engineering. 

Indian Institute of Science, Bangalore 560 012 
S. Arunachalam, Department of Humanities and Social Sciences, 
Indian Institute of Technology, Chennai 600 036 

J. Chandrasekhar, Department of Organic Chemistry, Indian 
Institute of Science, Bangalore 560 012 

D. Chatterji, Centre for Cellular and Molecular Biology, 
Hyderabad 500 007 

S. G. Dani, School of Mathematics, Tata Institute of Fundamental 
Research, Mumbai 400 005 

R. Gadagkar, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

K. N. Ganeshalah, Department of Plant Genetics and Breeding, 
University of Agricultural Sciences, Bangalore 560 065 

V. K. Gaur, Indian Institute of Astrophysics, Bangalore 560 034 

R. M. Godbole, Centre for Theoretical Studies, Indian Institute of 
Science, Bangalore 560 012 

K. Gopalan, National Geophysical Research Institute, Hyderabad 
500 007 

N. V, Joshi, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

C. C. Kartha, Division of Cellular and Molecular Cardiology, Sree 
Chitra Tirunal Institute for Medical Sciences and Technology, 
Thiruvananthapuram 695 011 
A. V. Khare, Institute of Physics, Bhubaneswar 751 005 

S. S. Krishnamurthy, Department of Inorganic and Physical 
Chemistry, Indian Institute of Science, Bangalore 560 012 

S. Krishnaswami, Physical Research Laboratory, Ahmedabad 
380 009 

S. C. Lakhotia, Department of Zoology, Banaras Hindu 
University, Varanasi 221 005 

K. Muralidhar, Department of Zoology, University of Delhi, Delhi 
110 007 

R. Nityananda, Raman Research Institute, Bangalore 560 080 

T. J. Pandian, School of Biological Sciences, Madurai KamaraJ 
University, Madurai 625 021 

G. Prathap, Structures Division, National Aerospace Laboratories, 
Bangalore 560 017 

Y. S. Rajan, Confederation of Indian Industry, New Delhi 110 003 
M. Ramakrishnan, Airborne Mineral Surveys and Exploration 
Wing, Geological Survey of India, Bangalore 560 078 
A. V. Ramani, T. T. K. Pharma Ltd, Bangalore 560 025 
G. S. Ranganath, Liquid Crystal Laboratory, Raman Research 
Institute, Bangalore 560 080 

S. Rangarajan, INSAT Master Control Facilities, Hassan 573 201 
P. N. Shankar, Computational and Theoretical Fluid Dynamics 

Division, National Aerospace Laboratories, Bangalore 560 017 
S. R. Shetye, Physical Oceanography Division, National Institute 
of Oceanography, Goa 403 004 
V. Siddhartha, No. 51, Bharati Nagar, New Delhi 110 003 
G. Srinivasan, Raman Research Institute, Bangalore 560 080 
R. Srinivasan, Raman Research institute, Bangalore 560 080 
R. Uma Shaanker, Department of Crop Physiology, University of 
Agricultural Sciences, Bangalore 560 065 
K. S. Valdiya, Jawaharlal Nehru Centre for Advanced Scientific 
Research, Bangalore 560 064 

‘M. Vidyasagar, Centre for Artificial Intelligence and Robotics, 
Bangalore 560 001 


Current Science, founded in 1932, is published by the Current 
Science Association in collaboration with the Indian Academy 
of Sciences. The journal is also intended as a medium for 
communication and discussion of important issues that 
concern science and scientific activity. All articles published in 
Current Science, especially editorials, opinions and 
commentaries, letters and book reviews, are deemed to reflect 
the individual views of the authors and not the official points of 
view, either of the Current Science Association or of the Indian 
Academy of Sciences. 


Working Committee, Current Science Association 

N. Balakrishnan, Indian Institute of Science, Bangalore 
P. Balaram, Indian Institute of Science, Bangalore 
R. Chidambaram, Department of Atomic Energy, Mumbai 
C. M. Gupta, Central Drug Research Institute, Lucknow 
K. Kasturirangan, Department of Space, Bangalore 
N. Kumar, Raman Research Institute, Bangalore {Vice-President} 
N. V. Madhusudana, Raman Research Institute, Bangalore 
{Secretary) 

R. A. Mashelkar, Council of Scientific and Industrial Research, 
New Delhi {Vice-President) 

N. Mukunda, Indian Institute of Science, Bangalore 
A. E. Muthunayagam, Department of Ocean Development, New 
Delhi 

R. Narasimha, National Institute of Advanced Studies, Bangalore 

R. Ramachandran, The Institute of Mathematical Sciences, 
Chennai 

P. Rama Rao, Atomic Energy Regulatory Board, Mumbai 

S. Ramaseshan, Raman Research Institute, Bangalore 
{Treasuret) 

M. S. Valiathan, Manipal Academy of Higher Education, Manipa! 
{President) 

Editorial Office 

Editorial staff 

Chandrika Ramesh, G. Madhavan, Manjuli Maheshwari, C. S. Ravi 
Kumar, M. S. Venugopal 

Circulation and Accounts 


Peter Jayaraj, Ranjini Mohan, B. Sethumani, Shanthi Bhaskar, 
B. K. Shivaramiah, R. Shyamala 


Annual subscription 1998 

Personal 

Institutions 

Industries 

India Rs 150 

Rs 350 

Rs700 

All other countries US $50 

us $200 

- 

(AIRMAIL) 



Single copies other than special issues: Rs 50/US $15 


Editorial Office: CURRENT SCIENCE 
C. V. Raman Avenue 
P. B. 8001 

Bangalore 560 080, India 
Telephone: 91-80-334 2310 
Fax: 91-80-334 6094 
email: currsci@ias.ernet.in 


Copyright ©1998, Current Science Association 




TECHNICAL COMMENTS 


Major tectonic elements of western Ganga basin 
M. N. Qureshy; Reply by D. C. Mishra 

NEWS 

From copycat to innovator: Science and technology in Japan 

S. Arunachalam 

RESEARCH NEWS 

Incorporation and diffusion of lead in zircons 

A. V. Sankaran 

GENERAL ARTICLE 

Locomotion: Dealing with friction 
V. Radhakrishnan 

REVIEW ARTICLE 

Confocal microscopy: A powerful technique for biological research 
Amit Singh and K. P. Gopinathan 

RESEARCH ARTICLE 

The first report of CHIME monazite age from the South Indian granulite 
terrain 

R. S. Hindu, K. Suzuki, M. Yoshida and M. Santosh 

SPECIAL SECTION: MOLECULAR BIOLOGY OF AGEING 

Molecular basis of extended longevity in selected Drosophila strains 
Robert Arking 

Regulation of gene expression during ageing 
M. S. Kanungo, Sanjay Gupta and Rashmi Upadhyay 

Senescence marker protein-30 (SMP30) and its gerontological significance 

Toshiko Fujita, Takuji Shirasawa and Naoki Maruyama 


CURRENT SCIENCE, VOL. 74, NO. 10, 25 MAY 1998 


813 













878 Molecular aspects of cellular senescence in human diploid fibroblasts 

Edward Parr, Tatsuya Toyama, Christopher Hull, Muthupalaniappan Meyyappan, 
Leslie Bestilny, Keith Wheaton and Karl Riabowol 

884 Alterations of gene expression during in vitro ageing: The mammalian 

fibroblast model 

Davina de C. M. Simoes and Efstathios S. Gonos 

887 Roles of mitochondrial DNA mutation and oxidative damage in human aging 

Yau-Huei Wei, Cheng-Yoong Pang, Hsin-Chen Lee and Ching-You Lu 

894 Non-apoptotic DNA fragmentation: A molecular pointer of aging 

Kalluri Subba Rao 

RESEARCH COMMUNICATIONS 

902 NMR observation of a hovel A-tetrad in a telomeric DNA segment in 

aqueous solution 

Prasanta K. Patel and R. V. Hosur 

906 Pollen production in some terrestrial angiosperms 

Amal Kumar Mondal and Sudhendu Mandal 

910 Late Quaternary sea level changes in western India: Evidence from lower 

Mahi valley 

Rachna Raj, D. M. Maurya and L, S. Chamyal 

915 Natural eutrophication and fish kill in a shallow freshwater lake 

V. P. Venugopalan, K. Nandakumar, R. Rajamohan, R. Sekar and K. V. K, Nair 

BOOK REVIEWS 

918 A Laboratory Guide to Glycoconjugate Analysis, reviewed by Nirmolendu Roy 

918 A Brief Introduction to Numerical Analysis, reviewed by G. Rangarajan 

919 Textbook of Nutrition and Dietetics, reviewed by Mahtab S, Bamji 

HISTORICAL NOTES ——— 

921 Harish-Chandra and his mathematical legacy: Some personal recollections 

Sigurdur Helgason 



COVER. Confocal microscopic image of developing embryo of silkworm at germ 
band formation stage. See page 841. 

The editors thank Dr M. S. Kanungo, Department of Zoology, Banaras Hindu 
University, Varanasi 221 005 for agreeing to be guest editor for the special 
section. 

Single copy of this issue, Rs 150/US$ 20 


Indexed in CURRENT CONTENTS/GEOBASE/CHEMICAL ABSTRACTS 


CURRENT SCIENCE, VOL. 74, NO, 10, 25 MAY 1998 




In this issue 


Molecular biology of ageing 

Ageing is broadly defined as an in¬ 
trinsic, deleterious, progressive, cu¬ 
mulative and universal process that 
occurs in all organisms after they 
attain adulthood. Research on ageing 
is relatively a new field, at least in 
comparison to development. Be¬ 
sides, it is an enormously complex 
problem because one needs to find 
out what goes wrong with fully de¬ 
veloped organisms, which are not 
only multicellular but have several 
types of organs that perform entirely 
different functions, after they have 
attained adulthood. For understand¬ 
ing development, however, one be¬ 
gins from a single cell and follows 
up how it divides, gives rise to vari¬ 
ous types of cells and organs, and 
becomes an adult. Despite a late 
start, research on biochemical and 
molecular aspects of ageing has 
made significant advances since 
1980s, thanks to the utilization of 
the techniques of molecular biology 
and genetic engineering. 

That fact that all members of a 
species have a more or less fixed 
maximum life span, various stages 
of the developmental period are 
well-timed, long-lived members of a 
species have long-lived progeny, 
etc. indicate that ageing has a ge¬ 
netic basis. The variability in the life 
spans of the members of a species is 
due to various types of extrinsic and 
intrinsic factors that they encounter 
during their life span such as repro¬ 
duction, nutrition, temperature, ra¬ 
diation, pollution, free radicals, etc. 
Moreover, different organs of an 
individual begin to age at different 
times and at different rates, and all 
individuals of a species do not age 
the same way. So it is unlikely that 
there is a single ‘master’ gene or 
switch that causes ageing. Products 
of one organ influence the function¬ 
ing of one or more organs. Thus the 
functioning of various organs in vivo 
is interrelated. Hence researchers 
have taken up different model sys¬ 
tems to unravel the basic cause of 
ageing at the level of genes. Genetic 
studies have been carried out by 


breeding experiments on the fruitfly, 
Drosophila^ and the free living 
nematode, Caenorhabditis, to look 
for genes that determine longevity 
and metabolic rates. Molecular biol¬ 
ogy techniques are being used to 
find out how the expression and 
regulation of genes that control 
specific functions in vivo change 
after adulthood, and what roles spe¬ 
cific regions of these genes play in 
these processes as organisms such as 
rat, mice, bird, insects age. In vitro 
studies are also being done using 
fibroblast cells of normal individuals 
and of those suffering from genetic 
diseases such as Werner syndrome 
and progeria to find out what mo¬ 
lecular changes occur as the cells 
stop dividing. Since mitochondria 
have genes that code for subunits of 
several respiratory enzymes, and 
mutations in these genes cause dis¬ 
eases, these organelles are the sub¬ 
ject of intensive studies in several 
laboratories. This issue of Current 
Science carries a special section 
(pages 859-901) that brings to¬ 
gether recent studies on various 
model systems to understand the 
molecular basis of ageing. 

That longevity of individuals of a 
species is determined by genetic 
factors is well established. The lon¬ 
gevity of Drosophila and C. elegans 
has been extended by different types 
of laboratory manipulations. But 
extended longevity without extended 
metabolic rate and activity would 
defeat the objective of the research 
on ageing, which is aimed at extend¬ 
ing the period of activity of organ¬ 
isms. Usually extended longevity 
phenotypes are associated with an 
increased resistance to certain types 
of environmental stress, and resis¬ 
tance to a stress involves one or 
more genes. Arking exposed Droso¬ 
phila to the biomarker, paraquat, a 
bipyridyl herbicide, that generates 
free radicals in the cell, and found 
that the expression of three genes 
including Cu-Zn-SOD, necessary 
for resistance to free radicals, was 
elevated in the adult of the flies 
which have long life span. Thus, 
resistance to oxidative stress and 


increased longevity are directly re¬ 
lated (page 859). 

One of the objectives of ageing 
research is to understand why vari¬ 
ous functions progressively decline 
after adulthood, and whether they 
are due to alterations in specific 
genes that are responsible for these 
functions. Understanding the gene- 
function (genotype—phenotype) re¬ 
lationship requires that both are 
quantifiable. Once the relationship 
of a function (phenotype) is estab¬ 
lished with one or more genes, it 
would be possible to understand 
how and why the gene expression 
changes and whether it can be ma¬ 
nipulated. Kanungo and colleagues 
have shown how the expression of 
the genes for fibronectin (FNT) 
protein that is required for cell-cell 
interaction, morphogenesis and 
wound healing in the rat, and the 
genes for ovalbumin and vitello¬ 
genin (VTG) which are required for 
egg formation in the bird declines 
after adulthood, and they show that 
this is due to the decrease in the 
levels of nuclear proteins that bind 
to specific sequences in their pro¬ 
moter regions to regulate their ex¬ 
pression (page 865). Fujita and 
colleagues show that a senescence 
marker protein (SMP 30) that binds 
to calcium and is involved in its 
regulation in the liver and kidney 
declines in an androgen-independent 
manner during ageing in the rat. 
They have characterized the gene for 
SMP 30, which has several cis- 
acting elements that may be in¬ 
volved in the regulation of its ex¬ 
pression (page 872). It would be 
interesting to know what factors 
regulate its expression. 

Since ageing of an organism is due 
to ageing of cells and tissues, sev¬ 
eral workers have isolated individual 
cells from tissues and organs, made 
them divide in vitro for long periods 
to study the changes in their func¬ 
tion as they grow old and cease to 
divide. It has to be kept in mind that 
these cells are separated from their 
organizational hierarchy, and are 
without the influence of other organs 
to which they are subjected to in 
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vivo through the internal milieu. 
Hence such cells are not in a normal 
physiological state. Nevertheless, 
cells isolated from humans and other 
organisms at different stages of de¬ 
velopment and of different life spans 
have provided useful information 
about the changes in their intrinsic 
properties as they grow old in vitro. 

Riabowol and colleagues have 
analysed the roles of several genes 
that either shift the cells in vitro to 
cease multiplication and senesce, or 
continue multiplication and get im¬ 
mortalized. They show that hyper¬ 
phosphorylation of serum response 
factor contributes to loss of Fos 
transcription factor and senescence. 
Furthermore, a certain cell-cycle 
specific cyclin or loss of tumour 
suppressor gene leads to immortili- 
zation and tumorigenesis. Using dif¬ 
ferent cell types as models they have 
studied the role of telomerase which 
is active in immortal cells, but is 
inactive in senescent cells (page 
878). On the other hand, Gonos and 
colleagues have studied genes in¬ 
volved in signal transduction in fi¬ 
broblast cells in culture, and report 
that the c-fos gene, which is ex¬ 
pressed in dividing cells, is down- 
regulated in aged cells. Retinoblas¬ 
toma (Rb) protein is a tumour sup¬ 
pressor. In the underphosphorylated 
state it is active and suppresses cell 
division. In senescent cells Rb is not 
phosphorylated. Several novel genes 
such as prohibitin that block DNA 
synthesis, and vimentin that is over¬ 
expressed in senescent cells have 
been cloned (page 884). 


Mitochondria are organelles that 
are essential for energy production 
aerobically. They are the only other 
organelle outside the nucleus in 
animals that has a genome which 
codes for several respiratory en¬ 
zymes. The mitochondrial DNA 
(mtDNA) is not protected like the nu¬ 
clear DNA by histones and nonhis¬ 
tones. Wei and his colleagues show 
(page 887) that there is increase in the 
production of reactive oxygen species 
and free radicals in mitochondria due 
to a decrease in the antioxidants and 
free radical scavenging enzymes like 
superoxide dismutase during ageing. 
This causes mutations such as dele¬ 
tion and oxidative modification in 
mtDNA. Such mutated genes pro¬ 
duce defective respiratory enzymes 
and impair the metabolic rate. Even 
the nuclear DNA is subjected to 
damage like strand cleavage and 
base modification due to various 
factors such as free radicals, ioniz¬ 
ing radiation, chemicals, etc. How¬ 
ever, the presence of DNA repair 
enzymes alleviates this problem 
partially. It has been shown earlier 
that species having longer life span 
have a greater DNA-repair capacity. 
Rao (page 894) shows that both 
single and double strand breaks occur 
in the DNA as a function of age in all 
types of cells. The latter type of breaks 
are more lethal to the cell, and when 
they reach a critical level, the cell un¬ 
dergoes apoptotic death. 

Thus studies on various model 
systems and use of different molecu¬ 
lar methods have provided a sub¬ 
stantial amount of insight into how 


changes in gene function cause age¬ 
ing. Hopefully, these and newer ap¬ 
proaches would unravel the basic 
cause of ageing at the level of the 
genome to manipulate the function 
of genes. This would help in the 
prolongation of the active period of 
organisms or defer the onset of 
ageing. 

M.S. Kanungo 

Understanding locomotion 

To move is to live, at least in the 
animal kingdom to which we belong. 
In his article on ‘Locomotion: 
Dealing with friction' (page 826), 
V. Radhakrishnan moves over a 
great deal of ground indeed in his 
pursuit of the many facets - 
engineering, physics, biology of how 
animals and birds, and we, and our 
machines move. The setting ranges 
from space, in which one can only 
push against a part of oneself that 
has to be sacrificed, to dense liquids 
in which bacteria battle enormous 
forces (on their scale). One might be 
aiming at speed, or at staying moving 
for the longest time, or traveling the 
greatest distance. The unifying theme 
is friction, in all its diverse forms. This 
wide ranging review has a perspective 
cutting across conventional categories. 
The insights, comparisons, and num¬ 
bers which it provides will probably 
surprise and inform even people who 
have thought about some of these 
things. 

R. Nityananda 
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What ails Indian science? Some suggested remedies 


A number of articles have appeard in 
Current Science recently (Cwrr. Sci., 74, 
nos. 3 and 5) highlighting the poor state 
of health of Indian science. Avinash 
Khare^ has clearly identified the 
strengths and weaknesses of Indian sci¬ 
ence and technology. He has highlighted 
the success stories of Indian science, 
viz. green revolution, space programme, 
nuclear energy, drugs and pharmaceuti¬ 
cals. He has also enumerated failures 
and identified grey areas. 

(i) The single most important thing 
that needs to be done is to strengthen 
our universities and take back basic 
research to the universities where it 
should ideally belong. It was a blunder 
of Himalayan proportions to open Na¬ 
tional institutes of basic research out¬ 
side the University system. 

(ii) Like China, we must identify ar¬ 
eas of our strength and try to plan big in 
those areas. 

(iii) Basic research is the mother of 
all applied research and technology. It 
must be strengthened to produce a tal¬ 
ented scientific manpower to make pro¬ 
gress in applied research or to develop 
new technology. In fact, all the three 
must march together. 

(iv) The bureaucracy has caused 
havoc in the universities and slowly the 
disease is spreading to the institutes 
also. 

(v) There is utter neglect of instru¬ 
mentation in our country. We give more 
weightage to a theory paper and ignore 
technical innovations. 


(vi) There must be a change in the 
colonial attitude and feudal outlook of 
our Indian scientists which is a legacy 
of the British rule in India. 

However, I also differ with Khare’s 
statements that: 

(i) Even in many of the premier uni¬ 
versities, people hardly knew modern 
subjects (like quantum mechanics in 
physics) before 1947 and 

(ii) There is a tremendous enthusiasm 
in young people for science and tech¬ 
nology in India which needs to be har¬ 
nessed properly. 

As a student of history of science, I 
recall with pride the leading role played 
by some of the Indian Universities in 
promoting research of highest calibre 
comparable to the best universities in 
Europe. For example, during the golden 
thirties, Calcutta University excelled in 
physics, Punjab University in chemistry, 
Lucknow University in palaeobotany, 
BHU Varanasi and Mysore universities 
in spectroscopy and Allahabad Univer¬ 
sity in astrophysics. Even some gov¬ 
ernment degree colleges at Patna, 
Decca, Lahore and Ravenshaw College, 
Cuttack could boast of stalwarts like 
S. N. Bose, Bawa Kartar Singh, Ruchi 
Ram Sahni and P. S. Gill on their facul¬ 
ties before 1947. Physical Society of 
Lahore arranged weekly lectures on 
popular science topics including rela¬ 
tivity theory and quantum mechanics 
during early forties. Einstein’s theory of 


special relativity was translated by S. N, 
Bose into Bengali and his epoch-making 
paper (derivation of Planck’s law of 
radiation) was communicated while he 
was serving as a Lecturer in Govern¬ 
ment College, Decca. I cannot believe 
that Indian physicists were ignorant of 
quantum theory in physics. 

Young people in India are quite en¬ 
thusiastic about making a career in civil 
services, business and marketing, medicine 
and engineering. The cream opts out for 
lucrative jobs offered by multinationals in 
India or abroad. Only second or third rate 
graduates opt for basic science as their 
career. In Punjab, more than 80% of the 
science students belong to the fairer sex 
and their first preference is to get ad¬ 
mission in B Ed after passing M Sc. 
During the last ten years, only one stu¬ 
dent could clear NET of UGC from our 
department. No one is interested in a 
research career in science. In our DST 
project, none of the candidates from 
North India applied for JRF even when 
NET condition was relaxed. The quality 
of candidates seeking admission to Ph D 
programmes has deteriorated over the 
years. This is highlighted in a recent 
article by Sushil Kumar et al} about the 
decline of interest of fresh graduates in 
doctoral and post-doctoral research. 

The gloomy picture for the future of 
Indian science was highlighted by 
C. N. R. Rao, Chairman of the Scientific 
Advisory Committee to the Cabinet, at 
the 85th session of Indian Science Con¬ 
gress^ held during 3-7 January, 1998 at 
Hyderabad. In his view, the gap between 
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the advanced countries of the West and 
India in science and technology is in¬ 
creasing rapidly, and the visibility of 
Indian science is rather low in the 
global market. He lamented, ‘How did 
we fail to motivate the young and attract 
them to research and how did we fail to 
persuade industry to support science’? 

In the same meeting^, C. K. N. Patel, 
Vice Chancellor of Research University 
of California, Los Angeles vehemently 
criticized poor quality of Indian scien¬ 
tific research. He once recommended 
closing down of Indian national labora¬ 
tories to the Prime Minister of India as 
they had out-lived their usefulness. 

P. Rama Rao in his Presidential Ad¬ 
dress'* to the Indian Science Congress at 
Hyderabad has outlined in greater detail 
the growth of S&T institutions in India 
during the British rule and after inde¬ 
pendence. It is by far the best docu¬ 
mented Address presented at any 
session of the Indian Science Congress, 
which I have attended since 1975. Rao 
is also worried about the health of sci¬ 
ence in Indian Universities. He re¬ 
marked, ‘It is heart-rending to hear 
about the inexorable decline in research 
standards in several universities in our 
country. Rejuvenation of the Indian 
universities, their capability and vitality 
is a paramount and urgent need.’ 

S. Arunachalam et ai^ have done an 
excellent job in mapping scientific re¬ 
search in India in their recent article pub¬ 
lished in Current Science. Their analysis 
based on CD-ROM version of SCI brings 
out clearly the declining trend of publica¬ 
tions by Indian scientists at the global 
level. There has been a slide down for 
India from 8th position to 12th position 


among the top 20 nations of the world. 
India is left behind Italy, The Nether¬ 
lands, Australia and Spain in the quality 
and number of publications. The Indian 
journals, too, are losing their position in 
SCI rating based on impact factor. 

So, the health of Indian science 
should worry our scientific planners 
genuinely when we are celebrating the 
golden jubilee of our independence. Can 
we inject some dose of inspiration and 
vitality which may rejuvenate Indian 
science at the threshold of 21st century? 
Following the Russian launch of the 
Sputnik, the American science curricu¬ 
lum was revolutionized at ail stages 
from school level up to the university 
stage. A similar exercise is called for to 
resuscitate Indian scientific research. 

To overhaul the entire system, I offer 
some suggestions: 

(i) Creation of ‘Centres of excellence’ 
in some of Indian universities at par 
with TIFR and IISc. 

(ii) Linkage of Universities with Na¬ 
tional Research Laboratories for liberal 
exchange of equipment/scientific man- 
power/infrastructiiral facilities, etc. 

(iii) Creation of more Inter-University 
Centres of research. Nuclear Science Cen¬ 
tre at New Delhi is one such example. 

(iv) Identification of universities and 
colleges which can award Ph D degrees 
in science through a National Commis¬ 
sion. 

(v) Identification of priority areas of 
research and putting a ban on wasteful 
expenditure being incurred on aim¬ 
less/third rate research being carried out 
in Universities/National laboratories. 

(vi) Creating parallel positions for re¬ 
searchers in the teaching departments 


with free option to carry on teaching 
and/or research duties. 

(vii) Liberal travel grants to carry out 
experiments at international centres of 
research where necessary facilities are 
available. CERN in Geneva is one such 
centre where Indian physicists have 
participated. 

(viii) Reorientation of theory and 
laboratory courses at all levels, making 
B Sc as the terminal degree for entry 
into research stream. 

(ix) Reorientation of M Sc pro¬ 
gramme for producing a cadre of sci¬ 
ence teachers and researchers as being 
done in Hungary and some other Euro¬ 
pean countries. 

(x) Abolition of rigid bureaucratic 
control, democratization of university 
governing bodies but at the same time 
introducing self-appraisal reports and 
peer review to make accountability a 
watch-word for science teachers and 
researchers. 


1. Avinash Khare, Ciirr. Set, 1998, 74, 
191-195. 

2. Kumar, S., Khilnani, S. and Sehgal, 
Y. P., Curr. Sci., 1998, 74, 20-24. 

3. Arunachalam, S., Curr, Sci., 1998, 74, 
397-402. 

4. Rama Rao, P., Curr, Sci., 1998, 74, 418- 
432. 

5. Arunachalam, S., Srinivasan, S. and 
Raman, V., Curr. Sci., 1998, 74, 433- 
441. 

6. Virk, H. S., Curr, Sci., 1998, 74, 397. 


H. S. ViRK 

Department of Physics, 

Guru Nanak Dev University, 

Amritsar 143 005, India. 


Shall we close our ranks? 


S. Arunachalam et al. (Curr. Set, 1998, 
74, 433-441) clearly bring out the truth 
that over the years, the number of In¬ 
dian journals included in Science Cita¬ 
tion Index (SCI) has dropped 
considerably. One of the reasons could 
be the lack of regularity in publication. 
In my own discipline of physiology, 
there are four societies (Association of 
Physiologists and Pharmacologists of 
India, Physiological Society of India, 


Society of Animal Physiologists of India 
and the Indian Association of Biomedi¬ 
cal Scientists) each with its own publi¬ 
cation. No wonder that none of these 
journals figures in the list of journals 
indexed by SCI. While each society can 
hold its annual meeting and bring out 
the proceedings in the form of a book¬ 
let, will it be possible to merge their 
journals into a single publication ensur¬ 
ing quality and regularity? Or better 


still, pooling their resources, opt for a 
separate physiology section in an in¬ 
dexed journal like Current Science. This 
will certainly go a long way in obtaining 
better exposure for publications in 
physiology from India. 

J. Prakasa Rao 

Department of Physiology, 

Christian Medical College, 

Vellore 632 002, India 
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This refers to the informative review by 
B. K. Basu on ‘Usability of parallel 
processing computers in numerical 
weather prediction’ {Curr. Sci., 1998, 
74, 508-516). I had the privilege of 
attending that fateful meeting at DST 
23 November 1992, which was the prel¬ 
ude to the projects reviewed in the 
above paper. The meeting was attended 
by representatives of the computing as 
well as weather modelling community. 
To some, the meeting was largely a for¬ 
mality to bless the procurement of the 
next version of a multi-crore Cray YMP 
supercomputer, with all its strings at¬ 
tached. Their agenda was merely to de¬ 
termine which version of the compiler 
to ask for and what debugging features 
should be on it. Even the Cray represen¬ 
tatives were in the audience to take 
notes. It came somewhat as a surprise, 
when the Secretary, DST, wondered 
aloud whether Indian scientists would 
be willing to take up the challenge of 
demonstrating the awesome weather 
prediction code on their own parallel 
computing systems. They did. DST pro¬ 
ceeded to invest some 10% of the price 
of the Cray to fund four different groups 
in the country to implement the T-80 
code (standard on the Cray-XMP) on 
their systems. The budget covered man¬ 
power costs as well as substantial hard¬ 
ware procurements. Within months, the 
code was operational on the NAL 
Flosolver and in a couple of years, all 
the different groups had got the code 
operational. NCMRWF and Basu in 
particular, put in a lot of effort to assist 
the different groups in assessing the 
quality of computation as is evident in 
the above paper. 

The project was unique in the history 
of Indian science. Here was a centrally- 
funded exercise of immense application 
potential and serious computational 
effort that was actually carried out to its 
logical conclusion, rather than extended 
indefinitely and inconclusively. 
However, while the project appears to 
have concluded one now wonders 
what next? Did we have to spend so 
much money to merely confirm that 
the T-80 code was executed on 
Indian parallel computers, but not nec¬ 
essarily as fast as the ‘operational re¬ 
quirement’? 


To this writer’s mind, the project has 
thrown up several new questions and 
perhaps also a few answers: How sig¬ 
nificant is the question of CPU effi¬ 
ciency? Yes. We now see that parallel 
computers deliver only some 6-8% of 
their peak power. But how do parallel 
computers rate in terms of ‘bang for the 
buck’? The new 4-processor NAL ma¬ 
chine cost Rs 12 lakhs to string to¬ 
gether. It is faster than the Cray XMP. 
What is the significance of precision? 
The Cray was touted all along as a 64- 
bit machine whose precision was indis¬ 
pensable to make the right predictions. 
This project actually demonstrated that 
one can go far enough with 32-bit. As 
one would have expected, it actually 
showed that the quality of inputs is 
much more important than the precision 
of computations. Obviously, one can’t 
go very far with 64-bit arithmetic while 
our measurements of inputs are largely 
in the 4 to 8 bit range of precision. 
What is the ‘effort’ in translating se¬ 
quential code to parallel? If four differ¬ 
ent teams in the country did it at some 
5% of western manpower cost, does 
effort really serve as an argument? Can 
we instead look at this trained man¬ 
power as an asset that can be used to 
parallelize newer codes, hopefully of 
our own development and custom de¬ 
signed to model our sub-continent? Or 
does the manpower have to disperse as 
EOUs to work on the Y2K problem? If 
it hasn’t done so already, can it be har¬ 
nessed to contribute to the quality of 
Indian weather prediction? Indian paral¬ 
lel machines obviously can’t beat the 
latest Cray. If they did, Cray Research 
would not have been worth being taken 
over. The bottom line is, can parallel 
machines predict the weather, and do so 
at acceptable speed and with acceptable 
quality? The results of the project re¬ 
view appear to suggest they in fact do. 

Several positive conclusions can be 
drawn from the projects. Indian groups 
were able to demonstrate that they have 
not merely been waving their arms 
about achievements in parallel comput¬ 
ing. The T-80 code was considered by 
some to be beyond the comprehension 
of our parallel computing scientists. It 
was not. The myth that only a vector 
supercomputer can do the job was de¬ 


molished. Also, it was discovered that 
the T-80 code had been engineered with 
system calls to use special design fea¬ 
tures of the Cray. The code was there¬ 
fore not ‘standard FORTRAN’, 
rendering any comparison with other 
machines patently unfair. Nevertheless, 
the speed of computing achieved by 
Indian parallel machines appears to be 
impressive. The bottom line here is that 
we should be able to predict the weather 
faster than it happens. If the NCMRWF 
criterion is 15 minutes per day, we 
should have a 14-day prediction in three 
and a half hours. This is a demanding 
speed. It in fact begs the question. 
‘What is the system doing the rest of the 
day that can’t be done by smaller sys¬ 
tems?’. Even so, today’s parallel compu¬ 
tation technology in the country surely 
is able to beat even this spec. If the 8- 
processor i860-based system did a day’s 
prediction in 70 minutes back in 1996, 
the new NAL 4-processor machine does 
the same job in 11 minutes - even this 
machine could do a 14-day computation 
in under 3 hours. 

A major outcome of the parallel com¬ 
puting effort in the country and the T-80 
parallelization exercise in particular is 
the reinforcement of the belief that tools 
are only as good as the people who 
handle them. For decades, Soviet scien¬ 
tists sent the shivers down the spine of 
the ‘free world’ with their accomplish¬ 
ments in aeronautics, space and nuclear 
science. They did so without the kind of 
tools including computers that we in 
Third World India take for granted. At 
the other extreme, we have groups, with 
world class infrastructure, who spend a 
lifetime doing little else apart from 
talking about ‘capability’ and harness¬ 
ing more of it. In this context, the 
achievements of at least some of the 
parallel computing groups in the coun¬ 
try are laudable. 

The ultimate customer for the weather 
prediction effort is possibly the farmer. 
He doesn’t even realize how instrumen¬ 
tal he was in inducting all this technol¬ 
ogy to predict the weather. Floods, 
drought and the monsoons continue to 
put him on edge almost as much as they 
did decades ago. And the charming lady 
on TV continues to inform us everyday 
that ‘rain or thundershowers are likely 
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in one or two places’ and ‘there will be 
no significant change in day tempera¬ 
ture’. While we now have information 
on how well parallel machines compute 
code, we still don’t know how well the 
code predicts the weather. Obviously, 
this involves weather scientists and the 
enormous infrastructure they require to 
keep a tab on the inputs of today that 
determine the weather of tomorrow. 
What is the cost of predicting weather? 
What are the returns? How much are we 
willing to invest on fundamental re¬ 
search to understand weather better? 
Particularly, on weather that is relevant 
to our sub-continent, like the monsoons. 
How relevant is the T-80 or next version 
of code to the Indian context? Our land 
borders are strung with sophisticated 
radars ready to track enemy planes in 


the event of a war. Do we still have 
money left for hardware like digital 
radar along the coasts and at metropoli¬ 
tan centres to give accurate short term 
pictures of daily interest to fishermen 
and city dwellers? What is the invest¬ 
ment on such infrastructure and how is 
such investment affected by the choice 
of which computer is installed at the 
NCMRWF? Is there an off-the-shelf 
solution like Microsoft Outlook or 
Netscape that comes packaged for 
weather prediction with the Cray or 
some other import? Is the challenge 
perhaps in the nitty gritty of collecting 
readings from the soil, the seas, the 
stratosphere and the mountains? Or 
perhaps in getting a large group of foot 
soldiers, technicians, engineers and 
scientists scattered round the country to 


work together? Or maybe in weaning 
‘whizz-kids’ from the keyboard and 
mouse and onto the fields? In short, can 
someone paint the broad picture? 

Judging from the reaction of a na¬ 
tional daily (The Hindu, 1 April 1998), 
Basu’s paper has served its purpose: the 
ground is being prepared for another 
ambitious procurement. DST can justi¬ 
fiably take the credit for having got 
most of the parallel computing groups 
in the country to rise to the challenge of 
weather computation. However, this 
vision was obviously not far-sighted 
enough to tackle the next challenge. 

R. Sunder 

99, 14A Cross, Malleswaram 
Bangalore 560 003, India 


TECHNICAL COMMENTS 

Major tectonic elements of western Ganga basin 


The article ‘Some major tectonic ele¬ 
ments of Western Ganga basin based on 
analysis of Bouguer anomaly map’ 
(Mishra, D. C. and Laxman, G., Curr. 
Sci., 1997, 73, 436-440) is based on the 
spectral analysis of Bouguer anomalies 
and residuals obtained by fitting a sec¬ 
ond order surface to the Bouguer 
anomalies. 

Data limitations 

The map used is presumably the NGRI 
Bouguer anomaly map published on 
1:5 X 10^’ scale and some maps on 
1:250,000 scale available with the 
authors. The accuracy and source of the 
primary data are not given. If these 
maps are the same which were compiled 
by the gravity group of the NGRI in the 
1960s, then the interpretation by using 
interpolation, as the digitization would 
imply, does not justify the used numeri¬ 
cal techniques. The reason is that such 
interpolation amounts to assuming that 
some higher derivatives do not exist 
which is not true as the gravity field 
satisfies the La’Place equation. Also, 


the digitization at a uniform grid inter¬ 
val means that different wavelengths 
have been mixed together. This makes 
illogical, then, to break the field again 
into spectra for power analysis and use 
the same as a basis for interpretation. It 
amounts to reinterpreting the assump¬ 
tions introduced to begin with. 

Moreover, the accuracy of the com¬ 
piled data with which I also was asso¬ 
ciated does not warrant any reliance on 
‘kinks’ which could just as well be the 
artifacts of contouring and beyond the 
error limits of the compilation. 

Boundary of the Ganga basin 

The authors state that the Ganga basin 
extends up to the Main Boundary Thrust 
(MBT) along which the Indian plate is 
presumed to have subducted below the 
Eurasian Plate. The India-Eurasia plate 
boundary is at least 300 km to the north 
from the 

Their figure 4 shows the Ganga basin 
to extend southwesterly from 
Moradabad through Aligarh to a point 
south of Jaipur (app. 76°E, 26°15'N), 


though in the text (p. 436), they state 
the Ganga basin to be ‘an east-west 
oriented basin along the Himalayan 
foothills’. It is wrongly stated (p. 436) 
that the Bouguer anomaly amplitudes 
vary from - 50 mGals to - 300 mGals 
over the Ganga basin. Their figure 1 
does not show such a variation. The 
lowest contour shown is - 220 mGals in 
the NE corner of the map. On the NGRI 
Map\ the -300 mGals contour falls far 
to the north in the neighbourhood of 
Badrinath. 

This makes correlation of Bouguer 
anomalies with geographical limits of 
the basin, to say the least, out of con¬ 
text. 

The presumed Delhi-Haridwar 
ridge and the Delhi-Sargodha 
ridge 

The statement that the Delhi-Haridwar 
Ridge is ‘the most important feature’ of 
the map on figure 4 along with a block 
uplift east of Delhi’ is unwarranted. The 
data limitations apart, as pointed out 
above, figure 4 does not show the coti- 
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tours corresponding to the presumed 
Delhi-Haridwar ridge to extend beyond 
Delhi (see the zero contour west of 
Delhi), if it exists at all. The small clo¬ 
sure shown on the NE end of the broken 
line (D-H ridge) could be the result of 
data limitations. Haridwar is more than 
50 km to the east of the D-H ridge axis 
as shown on the figure 4 on the slope of 
an ENE trending ‘block uplift’ which 
makes the correlation suspect. Along the 
Delhi-Haridwar line, there is a negative 
saddle though. Further, from the seismic 
and gravity data, Rao and Sen Gupta^ 
and Rao^' had concluded that the Delhi- 
Haridwar ridge does not extend beyond 
Shamli-Muzaffarnagar area. Srinivasan 
and Khar^ and Tiwari^ from drill hole 
data and CDP seismic reflection profiles 
show northward thickening of the Terti¬ 
ary sediments in the region over a 
peneplained basement. The ground and 
aeromagnetic anomalous field may be 
due to high susceptibility intrusives and 
extrusives that could be present on the 
peneplained pre-Tertiary surface 
equivalent to the Bijawars/Mahakoshals 
as found in the Saharanpur 1 drill hole^. 
These are known to be magnetic. 

There is considerable evidence which 
has established the existence of the NW 
oriented Delhi-Sargodha ridge^’^^. The 
Figure 4 does not bring out this feature, 
though claimed in the article. The fea¬ 
ture marked N-W ridge as a broken line 
from Delhi northwestward, indeed, cuts 
across northeast running zero and -i-5 
contour lines. 

The Agra-Shahjahanpur basement 
ridge is mentioned to be synonymous 
with the Great Boundary Fault separat¬ 
ing Vindhyan basin from Aravalli 
ranges. The isochron maps^ based on 
CDP seismic profiling show a north¬ 
ward slope north of the Ganga river on 
the Siwalik-Vindhyan unconformity, a 
reflector within the Vindhyans and at 
the base of the Vindhyans. As such, 
the cause of the northeastwards nosing 
on the Bouguer anomaly map cannot be 
the ‘A-S ridge’ as suggested by Mishra 
and Laxman, because no substantive 
relief is shown by seismic data in this 
region. 

The Sarda depression is shown on the 
figure 4 by the authors to extend west of 
79°E in a northwest direction, though 
the depression is known to extend east- 
northeastward from Agra towards Bah- 
raich east of 80°E. The magnetic ano¬ 


maly map of this part of the Ganga basin 
in Tiwari^ shows an ENE trending fea¬ 
ture from Kasganj to Navpura with a 
low around Lakhimpur. This falls over 
what is termed as Sarda low by Srini¬ 
vasan and Khar^. It may also be noted 
that quoting Lyon-Caen and Molnar^^ 
the authors assume the downflexing, 
preceded by subduction, as cause of the 
depression of the basement of the Ganga 
basin. How is one to, then, conceive the 
extension of the Aravalli ridge across 
the Ganga basin into the Himalaya, as 
the authors seem to suggest on their 
figure 4? 

From the spectral analysis an average 
depth of Moho of 32 km is arrived at. 
Quoting Tiwari et (p. 437), it is 
wrongly claimed that the crustal thick¬ 
ness so obtained is ‘in conformity with 
seismic results in the Vindhyan basin 
adjoining the Aravallis’. The seismic 
profile presented in Tiwari et goes 
up to Nandsi (figure 6 of ref. 10) which 
is about 100 km to the west of the 
Vindhyan-pre-Vindhyan contact (figure 
1 of Tiwari et Reddy et give 
a seismic reflections line drawing 
(figure 2, p. 356). The Kota-Kunjer 
section of the profile is over the 
Vindhyan terrain. Reddy et sum up 
their finding by stating that ‘the Moho 
reflection 10-12 S TWT is rather weak’. 
On their figure 6 they show the seem¬ 
ingly Moho reflection by a question 
mark. The DSS profilesover the 
Vindhyan terrain have imaged the Moho 
ranging between 40 and 44 km. Thus 
the results of the seismic profile 
cannot be construed to assert that the 
crustal thickness of the order of 
32 km is in conformity with the seismic 
results, though against the published 

value of the order of 40 km in the re- 
14 

gion . 

The Agra-Shahjahanpur ridge is 
stated to separate the Vindhyan basin 
from the Aravalli ranges. They further 
suggest (p. 439) the extension of 
Vindhyan sediments up to this ridge. 
However, a number of bore holes drilled 
by the Central Ground Water Board 
have intersected the Vindhyans and 
Delhis^^ not the Aravallis (as shown on 
their figure 4). 

Their approach to describing geology 
is somewhat arbitrary. As for example, 
the ‘Aravalli basement’ is shown to be 
present north of Jaipur on figure 4. The 
Aravallis occur more than 200 km away 


to the southwest of Jaipur*^. The Saha¬ 
ranpur-1 ‘bore hole^ ends in the Bi- 
jawars/Delhis equivalents at a depth of 
2362 m. No Aravalli rocks are found in 
the region shown as the ‘Aravalli base¬ 
ment’. It is, thus, not clear as to what 
the Aravalli basement connotes. 

The spectral and trend surface analy¬ 
sis techniquesare well-known tools in 
potential fields data interpretation and 
have been used in India for decades. But 
one needs caution in drawing parallels 
with geology unless geophysical field 
data coverage is sound and geological 
data and feel are adequate. Evidence for 
these is lacking in the present paper. 
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M. N. Qureshy 

Centre for Lithosphere Studies, 

204-1, Kirti Apartments, 

Mayur Vihar I Extension, 

Delhi no 091, India, 

D. C. Mishra replies: 

We are thankful to M. N. Qureshy for 
his interest in our publication. However, 
most of the points raised by him are 
either very obvious or already explained 
in the above publication. Therefore, we 
do not intend to reply point wise but 
some of the points are taken up to show 
their nature. 

(i) According to this writer, Ganga 
basin is not an east-west basin, 
rather it is NE-SW. What is 
shown in figure 4 as NE-SW is a 
subbasin of the Ganga basin. If 
somebody looks to the part of 
Ganga basin in Punjab he may say 
that strike is NW-SE. So these are 
strikes of subbasins which may be 
different in different parts of the 


done from an enlargement of this 
map. For further details about this 
data set, the writer may kindly 
refer this. 

(iii) Gravity anomalies due to base¬ 
ment ridges are usually of small 
magnitude and small wavelength. 
Therefore, the enclosure of 
5 mGal along Delhi-Haridwar line 
is attributed to a basement ridge. 
The block uplift east of Delhi 
(figure 4) is quite clear which is 
for anyone to see. 

(iv) Due to small order of gravity 
anomalies from basement ridges, 
they rarely get reflected as large 
gravity enclosed ‘highs’. We had 
to look for small signatures like 
kinks in gravity contours or saddle 
between ‘highs’ to delineate 
basement ridges. This is the case 
about N-W ridge, which is shown 
to be passing over a saddle be¬ 
tween two ‘highs’ in the N-W 
corner of the map. 

(v) 32 km Moho depth is referred 
under Vindhyan basin adjoining 
Aravalli (line no. 15, right side 
page 437 of the above publica¬ 
tion). This can be seen from the 
reference Reddy et a/., given by 
the writer. The two-way travel 
time package given by Reddy et 
aL, for deepest reflection in 


proximately 31-32 km. In a recent 
publication on CSS results from 
this region, the authors have 
shown even a shallower Moho (24 
km) under Vindhyan basing 
Deeper Moho is reported only un¬ 
der Delhi fold belt which probably 
the writer has confused with the 
Vindhyan basin. 

(vi) It has been pointed out that some 
references pertaining to Ganga 
basin are missing. After all, only 
pertinent references can be given 
in a publication. 

(vii) In the end it has been pointed out 
that spectral and trend surface 
analysis techniques are well 
known tools but should be used 
cautiously. Regarding precautions 
to be taken for spectral analysis 
we listed as early as in 1976, the 
exhaustive list of precautions to 
be followed in this regard^. 
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D. C. Mishra 


main basin. 

(ii) NGRI, 1978 is. referred in the list 
of references and digitization is 


Vindhyan basin is between 10 and 
11s and not 12.5-14.5 s as quoted 
by the writer. This amounts to ap- 


National Geophysical 
Research Institute, 
Hyderabad 500 007, India 


NEWS 

From copycat to innovator: Science and technology in Japan 


Japan, says a recent NSF report^ in¬ 
vested 2.6% of its gross domestic prod¬ 
uct in R&D in 1994. At $54 billion, 
Japan’s overall R&D expenditures were 
41% of those of the United States. In 
the same year, USA’s investment on 
R&D was $133 billion - 2.5% of the US 
GDP of $5.3 trillion. Today Japan leads 
the United States in the per cent of GDP 
invested in total and non-defence R&D, 
as well as government investment in 
civilian R&D as a per cent of GDP. The 
difference, in terms of per cent GDP 
invested in R&D, may be a mere 0.1%, 


but what is striking is Japan’s resolve, 
at a time of severe recession, to restruc¬ 
ture the economy through knowledge 
and education. Says Phyllis Genther 
Yoshida^ of the US Department of 
Commerce, ‘Overall, the Japanese 
economy remains bogged down. Long- 
touted structural reforms that could help 
energize the economy through deregu¬ 
lation and financial reforms have not yet 
been fully implemented. Indeed, the 
economic recession caused postpone¬ 
ment of many structural reforms.’ Per¬ 
haps it is this slump which reinforced 


the commitment of Japan’s major com¬ 
panies to R&D and to technology-led 
economic growth. Another motivating 
factor is international competition, not 
only from a resurgent US economy but 
also from the technology-driven manu¬ 
facturing economies of South East Asia, 
in particular Singapore, Taiwan and 
South Korea. In a country with few 
natural resources, Japanese policy mak¬ 
ers believe that education and S&T are 
the most valuable resources for pros¬ 
perity. This abundant faith in S&T is 
reflected in the decision to invest 17 
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trillion yen in R&D in the five years 
1996-2000, equivalent to $74 billion in 
1987 constant dollars. This represents a 
35% increase over the amount spent in 
the previous five years. The slump has 
also led Japanese researchers to work 
harder than in the past to justify R&D 
spending and purchases of costly 
equipment. Now Japanese researchers 
are forced to be more conscious of effi¬ 
ciency and the bottom line. There is also 
an increase in collaborative R&D part¬ 
nerships, be they within Japan or with 
international partners^. During the pe¬ 
riod 1988-1993, almost 11% of Japan’s 
scientific articles were internationally 
co-authored, up from 7% in the period 
1981-1987 (ref. 1). 

For a long time Japan was perceived 
to be a copycat good at adapting im¬ 
ported technology. Subsequently, Japan 
started beating the giants in their own 
strongholds - selling automobiles in the 
United States, watches in Switzerland, 
cameras in Germany, and consumer 
electronics in the entire world. Now 
Japanese companies receive more roy¬ 
alties and fees than they paid for techno¬ 
logical know-how in several industry 
fields, including industrial chemicals, 
ceramics, iron and steel, and fabricated 
metals. In motor vehicles, the ratio of 
receipts to payments is 14 to 1. In 1994 
Japan’s export of advanced technology 
products of the United States was more 
than $28 billion - twice the value of 
imports from the USA. Japan’s trade 
surpluses come largely from computers, 
telecommunication and electronics and 
the deficits from aerospace and nuclear 
technology and software. The Japanese 
decision makers recognized that the 


strategy of emphasizing research to 
adapt borrowed technology would not 
work in rapidly-developing technolo¬ 
gies, such as biotechnology, gene ther¬ 
apy, and software for computer 
networks and that it was imperative to 
invest in fundamental science in a big 
way. As a consequence, industrial R&D 
spending in Japan which remained ei¬ 
ther stagnant or was declining every 
year since 1991 started increasing in the 
Japanese fiscal year 1995 (April 1995- 
March 1996). A survey of large Japa¬ 
nese companies has shown that the trend 
continued in fiscal year 1996 as well. 

Japan is strong in technology and 
trade indicators. Not only has Japan the 
largest number of engineers as a pro¬ 
portion of its overall labour force among 
industrialized countries, but also the stock 
of scientists and engineers relative to la¬ 
bour force is increasing rapidly in Japan - 
at the rate of 8% annually during 1985- 
1990. It has more scientists and engineers 
engaged in R&D relative to its labour 
force (80 per 1,000 in 1993) than the USA 
(74 per 1,000). Despite its lead in technol¬ 
ogy and trade, Japan is still behind the US 
in R&D expenditures in higher education, 
in competitive research funding in uni¬ 
versities, and in its share of the world’s 
scientific articles. Japan is addressing these 
weaknesses by increasing the govern¬ 
ment science budgets for universities 
and national laboratories, and increasing 
national capacity for basic research and 
innovation^ 

A new Science and Technology Basic 
Law, passed in 1995, is a clear indica¬ 
tion of Japan’s seriousness in mobiliz¬ 
ing basic research for recovery from 
recession. However, there was some 


pruning of the budget for S&T in 1997 
as part of the government-wide austerity 
effort. But the cuts affected mostly the 
expansion of some large-scale pro¬ 
grammes such as nuclear energy and 
space research. Public spending on in¬ 
dustrial technology-related R&D (e.g. 
programmes supported by the Ministry 
of International Trade and Industry) will 
experience some of the largest in¬ 
creases^. 

Japan will continue to be a major 
challenger, says Yoshida, in interna¬ 
tionally competitive industries in the 
coming decade. It will be the world’s 
second largest source of industrial R&D 
after the United States. Both the Japa¬ 
nese government and the Japanese com¬ 
panies view R&D as an important key to 
economic growth. During the eighties, the 
number of US patents granted to Japanese 
scientists and engineers increased at an 
average annual rate of 10.6% - from 7,000 
in 1980 to 19,524 in 1990. In 1993, Japa¬ 
nese inventors received about 23% of all 
US patents - almost half of all patents 
granted to foreign inventors. That in¬ 
deed is a measure of how strongly in¬ 
ventive the Japanese are. 

1. Johnson, J. M., The science and technol¬ 
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Incorporation and diffusion of lead in zircons 

A. V. Sankaran 


Zircon (ZrSi 04 ) is among the most fa¬ 
voured minerals for age determination 
as it combines certain unique properties 
that make it suitable for this purpose. 
Once the mineral crystallizes, it is vir¬ 
tually stable for millions of years, re¬ 
taining its crystallochemical characters. 


resisting several of the chemical and 
physical breakdown processes in nature. 
Zircon occurs usually as an accessory 
mineral in several rocks and is carried 
as a detrital mineral, during weathering 
of its host rocks. Being quite refractory, 
it escapes remelting, except possibly 


during extremely high grade granulite 
metamorphism. In its ability to incorpo¬ 
rate appreciable amounts of radioactive 
elements like uranium and thorium 
during its crystallization (either as in¬ 
clusions of uraninite, uranothorite and 
monazite or as substitutions for Zr"^"^ in 
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the crystal lattice) and also retain their 
decay products, zircon serves as a good 
radioactive clock. Further, a growing 
zircon crystal tends to reject entry of Pb 
owing to its size incompatibility 
(Pb^^ = 1.29 A, Zr'*-" = 0.84 A) and 
hence all lead here is considered radio¬ 
genic, and, therefore, its accumulation 
within the zircon is a measure of its age. 
Also, the mineral’s closure temperature 
(the temperature of the system at the 
time of zircon’s determined age) being 
much above that of many granitic mag¬ 
mas, thermal resetting or alteration of 
the isotopic system does not take place. 
This is an additional property that 
makes the mineral useful, apart for geo¬ 
chronology, also for deciphering the 
origin and thermal history of igneous 
and metamorphic rocks. The oldest 
date - 4.3 billion years, recorded on 
detrital zircons from a sandstone, testi¬ 
fies to the mineral’s survival, and its 
potential for geologic interpretation, 
inasmuch as this age-data have estab¬ 
lished the existence of still older zircon 
source rocks, thereby supporting the 
view of continental growth very early in 
the earth’s history^*^. 

In spite of these positive, features for 
geochronological applications, scientists 
do not have precise, quantitative infor¬ 
mation about (a) whether all the lead in 
zircons can indeed be wholly radio¬ 
genic, (b) whether common lead is to¬ 
tally excluded during the mineral’s 
crystallization from melt or whether 
small amounts can still be incorporated 
in certain magmatic and metamorphic 
situations, and if so, can this non- 
radiogenic lead be distinguished from 
radiogenic lead for accurate age-dating, 
(c) do the radiogenic and other 

daughter products of U-Th, diffuse or 
become mobile when subject to pro¬ 
longed periods of high thermal epi¬ 
sodes, (d) what are their rates of 
diffusion, if any, and the consequent 
impact on age calculations. Geochro- 
nologists are aware of these problems in 
U-Th-Pb technique and many of the 
early pioneering workers have consid¬ 
ered these aspects and determined zir¬ 
con ages after incorporating appropriate 
steps in their calculations^’"^. 

Recent experimental research carried 
out to quantify the extent of two major 
sources of discrepancy - incorporation 
of common lead and its diffusion, 
have provided some data to properly 


evaluate these phenomena. In a work 
published early last year, E. B. Watson 
(Rennsalaer Polytechnique Institute, 
New York) and colleagues have pro¬ 
vided results of their experiments on 
incorporation of common lead within 
synthetically grown zircon^. Pb present 
in zircon is considered radiogenic since 
common or non-radiogenic lead (usually 
around 10-100 ppb) is geochemically 
incompatible in simple modes of geo¬ 
chemical substitution. Still, Pb has been 
reported (up to 612 ppm) from certain 
magmatic and metamorphic rocks under 
geochemically favourable situations'’^. 
But how much of these non-radiogenic 
lead is present at substitutional lattice 
sites, or as mineral and fluid inclusions, 
is not known. In short, there is uncer¬ 
tainty about the mode of abundance of 
common lead in natural zircons. The 
experimental work of Watson and col¬ 
leagues to study entry of Pb in synthetic 
crystals grown from Pb-rich silicate 
melts under igneous and hydrothermal 
settings is useful in this context. Though 
their results are in agreement with geo¬ 
chemically accepted incompatability of 
Pb in zircon, they have shown that Pb^"^ 
can still be substituted in lattice sites in 
both igneous and hydrothermal set ups, 
aided by favourable chemical environ¬ 
ment, not considered rare in nature. In 
their experiments using igneous set up, 
they observed that presence of P^'^ in the 
melt promoted incorporation of Pb^'*' (as 
coupled substitution at sites), a 
feature to be taken note of in the case of 
zircons from granites, having an abun¬ 
dance of apatites. In the hydrothermal 
set up, they found incorporation of Pb^'^ 
is more, and it also showed an inverse 
correlation with temperature. This in¬ 
verse relationship, the authors feel, 
should be helpful in di.stinguishing zir¬ 
cons formed in wet environments in 
nature (hydrothermal and wet metamor¬ 
phism) as they are likely to contain 
‘orders of magnitude more common lead 
than zircon grown under relatively dry 
conditions’. Here, unlike under igneous 
conditions, Pb^"^ is able to enter zircon, 
even in the absence of P^"^, the charge bal¬ 
ance here accomplished by incorporation 
of Though these are only experimen¬ 
tal observations, they are good qualita¬ 
tive indicators of behavioural tendencies 
of Pb in natural systems and hence its 
entry in zircon, should not be considered 
as incompatible. 


In the second contribution that ap¬ 
peared late last year, James Lee, Ian 
Watson and David Ellis (Australian 
National University, Canberra)^ have 
worked out diffusional aspects of radio¬ 
genic Pb in zircons. Quantitative data 
about this are not much known, though 
empirical models of diffusion kinetics 
have been worked out by earlier work¬ 
ers. This lack of data is essentially due 
to instrumental inadequacy to measure 
these elements, which are usually very 
low and often distributed heterogene¬ 
ously in the small grains under study. A 
number of factors promote diffusion of 
elements, and particularly significant is 
the diffusion initiated by weakening of 
lattice by metamictization'^ caused by 
bombardment of a-particles emitted 
during radioactive decay of U and Th 
within the mineral. This could result in 
unequal lattice expansion leading to 
fracturing^^^ though these damages to 
crystallinity of the grain are less pro¬ 
nounced in minerals having closely 
packed structure, or strong bond or high 
chemical stability like zircon^Yet, 
metamictization in zircon is not un¬ 
common and under such a state, the 
mineral is liable for chemical leaching 
and alteration by fluids, and this is 
bound to lead to isotopic discordance. 
While such grains for dating purpose 
can be eliminated during preliminary 
selection, the need to know quantita¬ 
tively the diffusion of U, Th and Pb, and 
their rates of mobility even in clear 
grains, however negligible, assume im¬ 
portance in view of their relevance to 
geochronological studies. 

Lee and colleagues measured profiles 
of U, Th and Pb that have diffused out 
of well-crystallized natural zircon at 
natural concentrations instead of their 
profiles diffusing into synthetically 
grown crystals. They selected 572.1 
m.y. old natural zircon from Sri Lanka, 
having low U (238 ppm), low Th (21 
ppm) with relatively uniform U distri- 
bution and ratio (0.0928, 

^"'’Pb = 19 ppm) showing excellent 
crystallinity. The analytical hurdles in 
estimation of low values of the elements 
were overcome by judicious use of a 
variety of techniques - scanning elec¬ 
tron microscopy (SEM), transmission 
electron microscopy (TEM), atomic 
force microscopy (AFM), secondary ion 
mass spectrometry (SIMS), at appropri¬ 
ate stages of the experiment. Randomly 
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oriented, polished slices of this zircon 
were heated in platinum capsules with 
Specpure NaCl (the melt of which 
served as ion sink for diffusing cations) 
buffered with synthetic zircon powder 
and the mixtures were heated for 28- 
104 days at temperatures of 900°C (70- 
104 days), 1000°C (36-64 days) and 
il00°C (28-51 days). At the end of the 
respective heating periods, the polished 
crystal surfaces were examined by SEM 
and they did not show any signs of re¬ 
action or dissolution. As anticipated, 
this thermal treatment had induced dif¬ 
fusion, and the near-surface Pb, U, Th 
gradient beneath the polished faces were 
measured to uniform depths using an 
ion probe (the penetration of the ions 
was confirmed to be uniform by atomic 
force microscopy). They found that Pb 
diffusion at 1100°C, was faster than 
those of U and Th by 4 orders of magni¬ 
tude and between U and Th, that of U 
slightly faster. These are consistent with 
diffusivity model predicted, based on 
ionic radii of the cations (U'^'*‘ = 1.00 A, 
Th"^"^ = 1.05 A)^. According to them, the 
mobility of Pb is difficult to predict, in 
the absence of knowledge about the 
radius of the radiogenic Pb which, in 
turn, depends on its charge, which are 
1.29 A for Pb^A and 0.94 A for Pb'*'". 
They, therefore, based their calculations 
using volume diffusion functions, and 
have concluded that in zircon ‘Pb dif- 
fusional anisotropy is not significant’. 

In the opinion of Lee et al, diffusion 
coefficients for U and Th at 1100°C are 
so very low (~10'^" cm s"^) that they are 
considered unlikely to diffuse out under 
most geological conditions and hence 
the ‘closure temperature of Pb-U-Th 
isotopic system in zircon is determined 
by the diffusion rate of Pb’, which ac¬ 
cording to their experiments for a 
‘zircon 200 pm diameter which has 
cooled at rates of 1, 5 and 10°C Myr"^ 
are 899 ± 7, 926 ± 6 and 938 ±5‘^C re¬ 
spectively’. These indicate maximum 
values for ‘radiation damaged zircon’ 
(since a-particles cause defects that may 
enhance diffusion rates) and minimum 
values for similar zircons ‘annealed at 
modest temperature (200-700°C) over 
geological time scales’^. Extrapolating 
in terms of geological periods, their 
diffusion coefficients yield a mean Pb 
migration distance of ^-0.5 cm at 
1100°C after 45 myr, ‘implying that 
even large (1 cm) mantle zircon could 


loose most of their radiogenic Pb after 
this duration of heating’, and if negli¬ 
gible radiogenic lead loss is reported, for 
example in mantle formed old zircons, it 
means that the crystal must have been 
transported to cooler levels in lower 
crust, subsequent to crystallization^. 

Needless to point out, the incorpora¬ 
tion of Pb in zircon during its growth 
from melt and its diffusion later over 
geologic time, unless properly recog¬ 
nized, pose risk of overestimation and 
underestimation of ages by the U-Pb 
technique. The experiments performed 
by Watson et ai and Lee et al clearly 
point to the need to precisely know the 
quantum of common lead at the substi¬ 
tutional sites and their diffusional kinet¬ 
ics over geologic period under varying 
thermal regimes. The work of Watson 
and others point to the fact that entry of 
Pb"^"^ at Zr'^'*’ sites rarely takes place in 
nature owing to lack of sufficient oxi¬ 
dizing conditions that can stabilize 
Pb'^'*'; and also, Pb^'*' is not as incom¬ 
patible as assumed, a point pertinent to 
geochronological assumptions about Pb 
in zircons. These call for efforts to dis¬ 
tinguish the incorporated non- 
radiogenic Pb. They also emphasize that 
one cannot assume that radiogenic Pb 
atoms may be tetravalent, on size basis, 
since they are decay products of or 
Th'^'*'. Such an assumption based on tet¬ 
ravalent parentage is not supported by 
the physics of the decay process which 
involves a number of intermediate prod¬ 
ucts before Pb atoms are finally yielded. 
It is possible, on the other hand, that 
radiogenic lead atoms assume the same 
valence as common lead (Pb^'^) incorpo¬ 
rated while zircon crystallized in which 
case the two are indistinguishable. An¬ 
other aspect of the diffusional kinetics 
of Pb that has been highlighted by Wat¬ 
son et al is that accumulation of radio¬ 
genic lead steadily builds up a chemical 
potential within the zircon as it ages, 
and this enhances diffusive Pb loss. 
They point out that if most of the radio¬ 
genic Pb have indeed diffused into zir¬ 
con lattice sites, their exit from the 
crystal through diffusion is difficult 
without charge compensation, because 
Pb^"^ only partially compensates the 
imbalance created by the decay of 
ions. However, this deficiency is 
thought to be overcome by influx of H 
(hydrous environment) which would 
stabilize radiogenic lead that accumu¬ 


lates and prevent rise of chemical po¬ 
tential leading to Pb loss, a process 
analogous to influx of Pb^"^ into zircon 
when H'*’ is available for charge com¬ 
pensation. Hence Pb loss could occur 
only by exchange of radiogenic Pb with 
common lead or other cations^. 

Zircons are known to grow under 
varying geologic temperature ranges - 
igneous, hydrothermal, metamorphic 
and sedimentary. The data from the two 
experiments, on incorporation and on 
diffusion, point to the need for scrupu¬ 
lous evaluation, for possible isotopic 
discordance. Particularly called for is an 
assessment of the geological pre-history 
of the mineral, right from its initial 
growth to subsequent thermal and other 
de-stabilizing geological events inevi¬ 
table for a mineral like zircon having a 
high survival potential for millions of 
years and recognition of possible incor¬ 
poration of (a) Pb'^'*' at Zr^*** sites under 
certain geological conditions and (b) 
that of Pb^'*’ in melts rich in P and/or 
H 2 O (hydrothermal and wet metamor¬ 
phic environments), and (c) discrimina¬ 
tion of non-radiogenic and radiogenic 
varieties, as well those from inclusions 
(fluid-, glass-, or mineral). 
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Locomotion: Dealing with friction"^ 

V. Radhakrishnan 

To move on land, in water, or in the air, even at constant speed and at the same level, always re¬ 
quires an expenditure of energy. The resistance to motion that has to he overcome is of many dif¬ 
ferent kinds depending on size, speed, and the characteristics of the medium, and is a fascinating 
subject in itself Even more interesting are nature*s stratagems and solutions towards minimizing 
the effort involved in the locomotion of different types of living creatures, and man *s imitations 
and inventions in an attempt to do at least as well 


The imperative to move 

The world of animals which includes, all of us - is 
characterized by voluntary motion. It is necessary to 
move to find food, or a mate, or to exercise the muscles 
needed to move. 

For reasons that this article is all about, expenditure of 
energy always seems to be required to move, whether on 
land, in water or in the air. It is only in the space be- 
tween the stars that bodies - such as the members of the 
solar system - are able to move for aeons with little or 
no expenditure of the energy associated with their mo¬ 
tions. We attribute this seemingly everlasting persis¬ 
tence of motion-the first of Newton’s laws-to the 
absence of material in space which the bodies otherwise 
would rub against creating heat at the expense of their 
kinetic energy. For terrestrial objects, both living and 
inanimate, one is in continual contact with one or more 
of the solid, liquid and gaseous parts of our environ¬ 
ment, resulting in an expenditure of energy for motion 
even at uniform speed and at the same level. 

Reducing the resistance that has to be overcome, 
which I shall call friction, allows a greater range of 
travel for a given input of energy, or a greater speed for 
a given input of power. In the course of evolution and 
adaptation, one absolute requirement for survival was 
surely that the energy needed to move to the location of 
the next meal should be less on average than that ac¬ 
quired from consuming the last one. Similarly, that the 
speed required either to capture prey, or to avoid be¬ 
coming one, should be achievable with the power that 
can be summoned at short notice from the muscles. 

In man’s attempts to build vehicles capable of greater 
range and speed on land, in water and in the air, nature 
has provided much inspiration and numerous examples. 


^Republished with permission from Proc. Natl Acad. Sci. USA, 1998, 95, 
5448-5455, May 1998. Copyright 1998, National Academy of Sciences, 
USA. This version has minor additions and several extra illustrations. 
Based on an evening public lecture delivered at the Annual Meeting of the 
Indian Academy of Sciences, in Hyderabad on 2 November 1997. 

V. Radhakrishnan is in the Raman Research Institute, Bangalore 
560 080, India. 


and in my attempts to understand the principles behind 
the functioning of craft in these different media, I have 
come to learn about and marvel at her creations. 

Getting around friction 

Civilization and its manifestations often require the 
moving of heavy objects and undoubtedly provided the 
earliest opportunities for invention of devices to reduce the 
effort involved. The wheel is considered the greatest such 
invention and the three power sources used in the Middle 
Ages-animal, water and wind-all were exploited by 
means of wheels. I presume that the earliest form in which 
it appeai'ed must have been logs on which heavy stones 
were rolled such as those of which the Pyramids were built. 
The force, or thrust, required to move the stone is now re¬ 
duced from the colossal sliding friction over the ground 
which it must have, to the rolling friction of the stone over 
the logs and that of the logs over the ground which together 
could still be provided by a finite number of slaves, and 
presumably some form of persuasion (Figure 1). 

The introduction of a simple axle in the center as in a 
chariot or wagon wheel was a giant leap forward, but at 
the expense of reintroducing sliding friction between the 
axle and the part of the wheel on which it rested 
(Figure 2). Although the full load was still on this com¬ 
mon surface, the distance it had to be dragged was now 
reduced by the large ratio of the diameters, and this area 
could be lubricated. Lubricants magically reduce sliding 
friction between solids, and find universal application in 
places where they can be contained, e.g. between axle 
and hub. An extraordinary example of self-lubrication, 
and the only case I know where sliding friction can 
compete with rolling friction, is that of runners on ice. 
They enable skaters and ice yachts to reach impressively 
high speeds for the input powers involved, and I shall 
mention them again later. 

The next ingenious step in the evolution of the wheel 
was to make it all rolling friction by putting back the 
cylindrical rollers, or equivalently spherical balls, in an 


826 


CURRENT SCIENCE, VOL. 74, NO. 10, 25 MAY 1998 




GENERAL ARTICLE 



Figure 1. Using rollers to move heavy stones as was presumably 
done when building the Pyramids. As each roller comes out at the 
rear it has to be reintroduced in front, a tricky operation which must 
have added not a little to the agony of the slaves. 



Figure 2. The wheel and axle, among the greatest inventions ever! 
Inset: Sliding frictioh has to be overcome at one place, but which can 
now be easily lubricated; Lower: The ultimate form of the wheel. 
Rollers (or balls) between the axle and the wheel hub make it all 
rolling friction. The ratio of lift to drag could easily be as high as 
100 : 1 . 


annular space between the axle and the hub of the wheel, 
where they can remain in place. This idea was discussed 
in detail and illustrated in drawings by Leonardo da 
Vinci, who also invented the (now standard) cage that 
prevents the balls and rollers from rubbing against each 
other. It is such a device on which all objects that have 
to be moved on terra firma are ideally mounted, and 
which provides a support for the weight that I shall call 
‘lift' and a very small resistance to horizontal motion 
that I shall call ‘drag’, the ratio between the two being 


very much greater than unity at low speeds (Figure 2). 
The interesting case of high speeds will be dealt with 
later. For movement along fixed routes an improvement 
that revolutionized the transport of goods and people 
over large distances was the introduction of railways. 
The roiling friction of steel on steel was so much less 
than other wheels on other surfaces that it made a dra¬ 
matic change in transportation patterns over land, which 
endures to this day. 

Needing and using friction 

Let me dispel any growing feeling that friction is all bad 
by pointing out that the slaves in my illustration 
(Figure 1) would not have been able to generate any 
force to move the stone, but for the enormous friction 
between their feet and the ground. A lubricating film of 
oil under a heavy slab would facilitate pushing it over 
the floor, but the same oil under one’s foot is unlikely to 
help in the pushing. We shall encounter later the more 
.subtle manifestations of this essential role of friction in 
the generation of forces in fluid media, but let us just 
note here that one always needs friction to generate the 
force to overcome the drag caused by friction elsewhere. 
Optimization then strangely becomes the exercise of 
minimizing friction at one end of the system, while 
maximizing it at the other. 

In the case of self-propelled land vehicles, we have 
ihe even stranger case of having to satisfy both require¬ 
ments at one and the same place, namely, where the 
wheels rest on the road surface. Ideally, we need the 
impossible combination of maximum sliding friction 
required for acceleration, deceleration and turning, to¬ 
gether with minimum rolling friction for fuel economy 
in cruising. On railways, which I already have praised 
for very low rolling friction, problems can arise when 
climbing grades if the sliding friction is not high enough 
to prevent the wheels of the locomotive from slipping. 
In extreme cases such as mountain railways, a rack and 
pinion is used, but in wet conditions on lesser grades the 
inelegant solution often resorted to is of throwing sand 
on the rails, to provide the extra bite. 

Braking, which is as important a requirement as accel¬ 
eration, especially in an emergency, has all to do with 
the ability of friction to dissipate kinetic energy to rap¬ 
idly decelerate the vehicle. The ideal way of braking is 
to recover and reuse the kinetic energy, as can be done 
with flywheels in principle, or as sometimes done on 
electric vehicles in practice, with electromagnetic brak¬ 
ing and the energy fed back into the power source. But 
in most wheeled systems like cars, trucks, bicycles, etc., 
the energy is irretrievably converted to heat and sadly 
lost. 

Returning from the ethical to the technical aspects of 
braking, a problem that has remained with road vehicles 
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for most of a century is the difficulty of being able to 
stop on wet or icy or otherwise slippery surfaces. In 
such situations braking tends to lock the wheels and let 
the vehicle slide in some uncertain direction to an un¬ 
controllable fate. When radial tyres came along they 
greatly improved safety at the expense of undoubtedly 
greater rolling friction. Many of us who date back before 
then were taught to ‘pump’ the brakes in conditions when 
skidding was likely, to prevent the wheels from locking. But 
technology, finally, has addressed and solved the problem 
in what is known as the Antilock Brake System (ABS) in 
which an electronic sensor modulates rapidly the pres¬ 
sure in the hydraulic circuit to prevent the wheels from 
locking and to ensure that the dissipation of energy is in 
the frictional elements of the braking system. 

Getting back to the generation of thrust - to overcome 
drag - it is quite intuitive to appreciate that if your foot 
did not slip when pushing, you did as well as one pos¬ 
sibly could in the exercise. What is less intuitive is that 
this is so, only because the earth one was pushing 
against, is as massive as it is, compared to the rest of the 
bits in the system. The law of conservation of momentum is 
unremitting in requiring that the momentum gained in pro¬ 
pelling oneself (or one’s vehicle) forward must be balanced 
by the imparting of an equal and opposite amount to what¬ 
ever it was that one pushed against. So although the product 
of mass and velocity is inviolable, the energy carried away 
by whatever was ‘kicked back’ is proportional to its veloc¬ 
ity squared and decreases impressively with increase of its 
mass, becoming effectively zero for objects as massive 
as the earth. At the other extreme is space flight with 
nothing to kick against, where accelerations require 
ejection of part of the mass of the system itself. Of more 
interest to us are the problems associated with generat¬ 
ing thrust in a fluid like air or water. Although the tini¬ 
est ant can push against the whole earth, even a giant 
whale cannot push against the whole ocean. 

Making headv^ay afloat 

The massive pillars of Stonehenge, and those of many 
temples in Egypt are believed to have been transported 
considerable distances over water, and to this day, car¬ 
riage of heavy materials, and of large quantities of liq¬ 
uid in bulk, is effected both routinely and economically 
by barges, tankers and container ships. 

The sources of friction encountered by vessels plying 
in water are several and of considerable interest. Two 
contributions, predominant at low speeds, are skin fric¬ 
tion and profile drag. Skin friction depends on the 
roughness of the surface of the hull over which the water 
has to slide, and the consequent drag is proportional to 
the wetted surface and the square of the speed. Reduc¬ 
tion is effected by having a smoother surface, and as 
little of it as possible. Profile drag is caused by the 


deposition of energy in turbulent eddies in the wake due 
to poor streamlining of the hull. Streamlining, about 
which I shall have more to say later, can always be im¬ 
proved by giving the hull a longer and slimmer tail, but 
only at the expense of increase of wetted area, and of 
drag as a consequence. Profile drag also grows as the 
square of the boat speed, and thus the power to overcome 
both of these contributions (= force x speed) will increase 
as the cube of the speed of the vessel. This indicates 
straightaway that it is cheaper to go slower, as the energy 
required to transport a given weight over a given dis¬ 
tance on water is an increasing function of speed. 

In the case of craft operating on the surface of the 
water (like boats, as opposed to submarines), there is yet 
another contribution caused by wave making that is the 
worst of all. For motion at constant speed on the water 
surface, there is nothing that varies with time as seen 
from the boat, and the wave pattern it sets up must per¬ 
force be stationary as viewed from it. In other words, 
the speed of the disturbance created by the boat must 
always be the same as its own. But water waves are 
‘dispersive’, and the length of the wave created by the 
motion increases as the square of the speed. This causes 
the resistance due to wave making to increase very rap¬ 
idly with speed as the length of the wave approaches 
that of the hull, and* effectively to limit the maximum 
possible speed of any displacement hull to that of a 
wave as long as itself (Figure 3). This phenomenon dis¬ 
covered by the English engineer William Froude in the 
last century explains why the famous transatlantic ocean 
liners had to be as long as they were to do a speed of 
over 30 knots. Also that is why displacement craft are 
effectively limited in speed to the square root of twice 
their water line lengths, both measured in traditional 
sailor’s units of knots and feet. 

Climbing out or slicing through 


Unlike the sound barrier in aeronautics which is a speed 
dependent only on the temperature of the air, and which 



Figure 3. Wave-making drag increases catastrophically with speed 
as discovered by William Froude. It effectively limits the speed 
(measured in knots) of displacement hulls to the square root of twice 
their waterline lengths (measured in feet). 
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has nothing to do with the properties of the aircraft try¬ 
ing to penetrate it, the hull speed barrier for boats is 
determined only by the waterline length of the particular 
craft. It can be beaten by using the dynamic force of the 
water hitting a sloping under-surface or submerged foils 
to violate Archimedes’ principle and to lift the hull out 
of the water. Speed boats, planing sail boats and water 
skiers all operate on this principle. 

A different approach is to have more than one hull, 
the two-hull configuration being known in the West as a 
catamaran. (This is a strange corruption of the Tamil 
word kattumaram which literally means, and refers to, a 
craft made of a few tapered logs tied together and 
widely used by fishermen on the coast of South India.) 
Such catamarans which have a superstructure over two 
slender and well-separated hulls have great stability and 
can slice through the hull-speed barrier. There are more 
and more such craft around the world, both big and 
small, operating commercially at speeds well above the 
formal limit (Figure 4). The requirement of stationarity 
discussed earlier must continue to hold whatever the 
speed of the craft as long as it is constant. The only dif¬ 
ference now is that the waves generated by it are much 
longer than its waterline length, and act less like a wall 
up which the craft has to climb (Figure 3). 

In earlier times, water craft relied heavily on wind 
power, whose force on the sail increases as the square of 
the wind speed. We have just seen that skin friction and 
profile drag also increase as the square of the speed in 
water. As a result, the speed of a sailing vessel, which is 
not hull speed limited, would be proportional to the ef¬ 
fective speed of the wind, and very high speeds can be 
achieved in very strong winds. Round-the-world non¬ 
stop voyages in a race for the Jules Verne trophy have 
been made by a catamaran (Figure 5) in 74 days and 
later by a trimaran (three-hulled) in 72 days, both craft 



Figure 4. Multihulls can slice through the hull speed barrier. This 
124 metre long catamaran carries 1500 passengers and 100 buses or 
350 cars and does 42 knots without a fuss. 


having waterline lengths of about 90 feet. In total disre¬ 
gard of the hull speed formula, these multihulls have 
exceeded 30 knots in storm force winds, and often averaged 
well over 20 knots for a full day’s run, a speed rarely if ever 
achieved by ocean freighters, many times their length. The 
highest speeds however, attained under sail power (of the 
order of 100 knots), are by ice-yachts and land-yachts, 
on runners and wheels respectively, both very low- 
friction devices to which I shall return at the end. 

On this topic, it is not well known that there are crea¬ 
tures other than humans who also sail. The best known 
is the Portuguese-man-of-war or Physalia, a colonial 
coelenterate with a large and beautiful float 20-30 cm 
long above ferociously armed tentacles, and which uses 
its crest as a sail. If there is doubt that we are talking 
about voluntary sailing, and not just being blown by the 
wind, the fishing spider Dolomedes, which is a surface 
tension supported animal, is reported to lift its second 
pair of legs from the surface on windy days to be carried 
across the water even against currents beneath. But the 
most incredible is the Velella - another colonial coelen¬ 
terate - which has an obliquely mounted airfoil shaped 
pneumatophore, with which it can sail to windward! 
This is a technique requiring lift forces and whose intri¬ 
cacies I have discussed elsewhere'. 



Figure 5. Around the world non-stop in 74 days in total disregard of 
the hull speed formula. This sailing catamaran from New Zealand 
exceeded 30 knots in storm force winds and averaged over 16 knots 
for the entire circumnavigation. [Photo courtesy: ENZAFRUIT New 
Zealand (International)]. 
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Up and away 

We have touched upon the frictional consequences of 
moving on land or on water and it is now time to move 
off the surface. This requires a force equal to but oppos¬ 
ing the force of gravity, and one way of producing it is 
by pumping air down to produce a high pressure cushion 
to support the weight. Remembering that atmospheric 
pressure is about 1 kg/cm^, even a very slight enhance¬ 
ment over a reasonable area suffices to support a heavy 
vehicle. Such a hovercraft usually has a flexible skirt 
around the base to reduce the leak and works very suc¬ 
cessfully as a ferry even over rough water (Figure 6). 
The extra energy required to pump the air is offset by 
the lack of any of the drag forces associated with the 
water. Speeds as high as 60 knots are attained, and the 
ride is comfortable as the waves do not affect the motion 
of the craft. Propulsion is effected by one or more 
airscrews and the most remarkable aspect, I find, is the 
casual way in which such craft climb ashore so loading 
and unloading of passengers and vehicles are all on dry 
land. 

The same principle can be used to provide effortless 
rotation of heavy objects. The Raman Research Institute 
used such an airbearirvg to hold up and rotate a 10 m- 
diameter radio-telescope reflector weighing three tonnes 
for easy and accurate machining (Figure 7). Such bear¬ 
ings have also been used here and elsewhere as azimuth 
mounts for operational astronomical telescopes of mod¬ 
erate size. 

A more silent and spectacular form of levitation is 
with static or dynamic electromagnetic fields, a vast 
subject by itself. At the microscopic end one has so 


called ‘atom traps’ in which individual atoms can be 
floated and studied and for which development the No¬ 
bel Prize in Physics for 1997 was awarded to Chu, Co¬ 
hen Tannoudji and Phillips. Interestingly, the process by 
which the atoms are slowed down to near zero velocity 
is thought of and described as due to friction with light 
beams from lasers. At the other end, and more relevant 
to this lecture, are magnetically-levitated trains using 
superconductors. 

In between these two extremes and more as a matter 
of curiosity, I might mention diamagnetic levitation with 
magnets producing fields as high as 16 Tesla. In this 
kind of levitation, there is no dissipation and live ob- 



Figure 7. An air bearing used to hold up and rotate a 3-tonne radio- 
telescope reflector for easy and accurate machining at the National 
Aerospace Laboratories, Bangalore. 



Figure 6. Hovercraft, such as this one, function by creating a cushion of compressed air beneath them on which 
they float. A flexible skirt is added on to the base to contain the air cushion and permit clearing minor obstacles. 
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jects if small enough, like the frog in Figure 8, can be 
safely supported without any apparent ill effects. Mi¬ 
chael Berry, one of the honorary fellows of our Acad¬ 
emy, has written a paper (with Andre Geim) on the 
theory of such levitation^, as also one with even more 
mathematics on the Levitron^, a fascinating magnetic top 
which if set in rotation levitates stably above a base of 
suitably arranged permanent magnets (Figure 9). 

In thin air 

It is time to take to the air, the world of insects and 
birds, mad men in little flying machines, and jumbo jets 



Figure 8. Live objects like this little frog can be diamagnetically 
levitated without any apparent ill-effects. Photograph courtesy: An¬ 
dre Geim^. 



Figure 9. The Levitron™ - a surprising and subtle physics toy. A 
spinning top floats stably above a magnetized slab without material 
support. Its mathematical theory has been given by Michael Berryl 


with hundreds of passengers. I cannot look at any bird in 
flight without admiring its effortless grace, and I cannot 
watch any airliner taking off without feeling that it is not 
possible. Flight is a miracle wrought by nature and, hard 
to believe, successfully imitated by man. It works be¬ 
cause of the interplay of two very different forces called 
drag and lift that act at right angles to each other on any 
body placed in a fluid stream. Their magnitudes depend 
on the size, shape and orientation (to stream direction) 
of the body and, of course, also on the density and ve¬ 
locity of the fluid. Frictional drag has contributions from 
skin drag and profile drag similar to those of boat hulls, 
with a similar dependence on the square of the speed, 
and with similar recipes for reduction. Unlike boats 
however, an airplane is entirely immersed in its fluid, 
suggesting that the shapes of fish may not be bad exam¬ 
ples for aircraft streamlining. One striking example is 
the use by Sir George Cayley (a pioneer in aviation ex¬ 
periments almost 200 years ago) of the measurements of 
a trout, which another pioneer Theodore von Karman 
pointed out nearly 150 years later"^, as corresponding 
precisely to that of a modern low drag airfoil 
(Figure 10). 

Something that Cayley and numerous others, until this 
century, found difficult to understand was why drag is 
reduced if the object is endowed with a long and taper¬ 
ing tail. In the absence of a picture in which gradual 
deceleration of the fluid in the rear resulted in little or 
no separation and associated eddy formation, it ap¬ 
peared as though what matters in streamlining is not the 
front, but mainly the design of the rear, leading the bi¬ 
ologist Vogel to quip that as Hamlet put it ‘There’s a 
divinity that shapes our ends, Rough-hew them how we 
wiir^ 

I come now to lift which is an extraordinary, almost 
magical, force produced perpendicular to the fluid flow 
when a shape like a bird’s wing encounters it nearly 
edge on. It is far greater in magnitude than the associ¬ 
ated drag, just as for the wheel, and is what holds the 
bird or airplane up against gravity when made equal to 
its weight. Its generation was properly understood only 
after the development of circulation theory by many 
clever minds in the early years of this century. 

Lift is also the force of choice for efficiently produc¬ 
ing thrust to counter the drag of a body moving in a 
fluid. The blades of a propeller, and the screw of a ship 
are devices that work this way. In nature, all of the fast¬ 
est continuously swimming animals in the open ocean 



Figure 10. A comparison of Cayley’s sketch of the cross section of 
a trout with a modern low-drag airfoil section. Dots indicate trout; 
Adapted from Figure 4 in ref, 4. 
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move their crescent shaped or so-called lunate tails, 
which have an airfoil cross section, in a precise pattern 
to produce high forward thrust. Penguins swim with 
their wings also using a motion that produces lift-based 
thrust. They fly in the water exactly as birds fly in the 
air. To understand how in addition to providing lift for 
countering gravity, the wing of a bird also produces 
thrust for propulsion using lift forces, I recommend the 
excellent book on this subject Bird Flight^ and refer¬ 
ences therein. Finally, the principles of lift generation 
by insects is full of surprises and a fascinating subject 
by itself which I have neither the space nor the knowl¬ 
edge to more than just mention. 

Fluids and friction 

This is perhaps the moment to return to a point made 
earlier regarding the absolute need of friction to gener¬ 
ate forces required for locomotion. It is just as true for 
fluids as for solids, that if you want to push against them 
you had better have friction somewhere. Feeling the 
force due to motion of a fluid like air or water past our 
bodies is very much an everyday experience, and was 
surely the reason that d’Alembert was never taken seri¬ 
ously by practical experimenters in aviation. I refer to 
an apparent paradox advanced by the French mathema¬ 
tician over 200 years ago showing that there will be no 
net pressure on a solid past which a fluid flows'^. But the 
theorists could not brush it aside as casually, because it 
came in the way of the development of a consistent 
mathematical treatment of airfoil theory. It was Prandtl 
who finally put paid to this problem by his breakthrough 
early this century in recognizing the existence and 
role of the boundary layer"^. This region, no matter how 
thin, is always there at any fluid-solid interface and al¬ 
lows viscosity to play its role in providing the required 
‘grip*. 

An important second form of drag peculiar to real 
world airfoils is that associated with producing lift, and 
is the price paid for sustentation. This induced drag, as 
it is called, decreases rapidly with increase in speed for 
reasons closely analogous to the propulsion problem 
discussed earlier. The higher the forward speed, the 
more the mass (and the less the downward velocity) of 
the air deflected to provide the lift, and hence the less 
the energy required to deflect it. These two varieties of 
drag with inverse dependences on speed together lead to 
something peculiar to flight, namely two optimum 
speeds for a given input of energy, one which maximizes 
range and the other endurance in the air (Figure 11). It 
is at the former that both a jumbo jet and a migrating 
bird would fly when crossing oceans, and at the latter 
when an aircraft is in a holding pattern or a bird is 
searching for food over an area. 



Figure 11. The power needed for flight at different speeds to over* 
come the sum of the induced drag which decreases with speed and 
the profile drag which increases with speed. This results in some¬ 
thing peculiar to flight, namely two optimum speeds for a given 
input of energy, one which maximizes range and the other endurance 
in the air. 


The above arguments in connection with induced drag 
should provide a hint as to why thrust based on lift 
(rather than on drag) involves a greater mass of fluid, 
and has greater propulsive efficiency. To appreciate 
what a marvelous job nature has done with flying, one 
need only note that there are small migratory birds, 
which fly thousands of miles without ‘refueling’, an 
unthinkable feat for any land or water animal. A spar¬ 
row, which is identical in mass and metabolic rate to a 
mouse, flies an order of magnitude faster than a mouse 
runs, and so has a minimum cost of transport an order of 
magnitude lower than that of a mouse. 

The wing is nature's wheel, and can as freely convert 
potential to kinetic energy and vice versa. I used to think 
that nature had to resort to a mechanism so hard to un¬ 
derstand physically, because it could not produce 
something with a true mechanical rotary joint, for almost 
obvious reasons. But I was wrong, and nature does make 
creatures with wheels, but not for rolling on hard 
ground. They live in a strange world which we must now 
enter to know what they are and how they work. 

A sticky world 

The creatures I refer to are bacteria and the special in¬ 
terest in them is because they live in a world dominated 
by viscosity, where inertia is negligible compared to 
drag that now varies directly with speed. A powerful 
dimensionless parameter involving size, speed, density 
and viscosity whose value tells you what is likely to 
happen when solid and fluid move with respect to each 
other, is called the Reynolds number. A duck flying at its 
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usual speed will have a value of over 100,000, whereas 
the swimming bacterium will have the reciprocal of this 
number. 

At such incredibly low Reynolds numbers, life and lo¬ 
comotion are totally counterintuitive, as described pic¬ 
turesquely by Steven Vogel in his marvelous book^ on 
the physical biology of flow, and from which I have bor¬ 
rowed generously for this article. This is the world of 
flowing glass and creeping metals where flows, miracu¬ 
lously, become reversible. The effect of stirring three 
times clockwise can be undone by stirring three times 
counter clockwise. Streamlining becomes a fine way to 
increase drag, circulation around an airfoil for lift is 
almost impossible, and turbulence unimaginable. 

The biologist Berg has compared the motion of a 
bacterium to that of a person trying to swim through 
asphalt^. If it suddenly stopped rotating its flagellum, it 
would coast to a stop in a distance much less than the 
diameter of a hydrogen atom!^ The picture this evokes is 
one of incredible difficulty requiring enormous strength 
to overcome. But it does not quite convey another as¬ 
pect, namely the peculiar, technical, near-impossibility 
of generating thrust when viscosity reigns supreme. 

In connection with the generation of lift and drag 
forces we saw the importance of the boundary layer 
wherein viscosity provided the required purchase. The 
trouble now is all purchase and no release, as when try¬ 
ing to shake off a particularly sticky piece of paper. Many 
of the usual forms of swimming that work so well for 
large creatures would, at the end of back and forth strokes 
of the limbs, restore the swimmer to the same position as 
at the beginning! 

It is this aspect of the difficulty of locomotion for 
these diminutive creatures that was addressed by no less 
a giant in fluid mechanics than G. 1. Taylor^ He showed 
that the slantways motion of a long and thin cylinder 
like a flagellum would generate a force at an angle to its 
track because of the difference in drag for motions with 
the axis parallel and perpendicular to the flow. The ro¬ 
tation of a helical tail would thus provide thrust along 
the axis of the helix. Taylor worked out the full theory 
and even made a working model (Figure 12) with 
twisted rubber bands where the tail went round and 
round but without rotation, like the pedal of a bicycle; 
because, and I quote Taylor, ‘rotation is a type of dis¬ 
tortion which is impossible in a living organism’^. 

But evolution should never be underestimated and 
Berg and Anderson showed that the flagella did rotate 
rigidly driven by a reversible rotary motor at their base^. 
As this does not change the thrust produced, nature’s 
choice of rigid rotation is presumably for other advan¬ 
tages. The conceptual difficulty of having true rotation 
was simply that of maintaining the physical connections 
to supply blood, nutrients and nerve impulses to any 
extremities that can rotate without restraint with respect 
to the rest of the body. But in this strange microscopic 


a 



Figure 12. a, Working model of swimming spermatozoon made by 
G. I. Taylor ; b. One of a series of high speed photographs of a 
swimming bacterium made at 600-1,000 frames per second. In about 
a hundredth of a second the flagellar filaments complete one turn and 
the cell body moves forward a small fraction of its length 
(Reproduced with permission from ref. 7); c. The drawing shows the 
direction of rotation of the filaments and the cell body. 

world diffusion through membranes can provide the nec¬ 
essary nutrients and oxygen to keep the motor going. 

On the matter of the energy required to move to the 
next meal, the famous physicist Purcell calculated that if 
the bacterium wished to increase by 10% the food sup¬ 
ply that diffusion brings to it if stationary, it would have 
to move almost 25 times as fast as it usually does^ Re¬ 
membering that drag is proportional to speed, this would 
require about 600 times more power from the motor! As 
only Vogel could have put it, ‘We’ve encountered the 
equivalent of a casual cow who, after eating, just waits 
for the local grass to re-grow’^. 

In thick air 

We now have at least a rudimentary picture of locomo¬ 
tion in different media to venture attempting compari¬ 
sons, but before we do that I would like to go back to 
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vehicles on wheels and ask a question deferred earlier, 
namely what happens at high speeds. If the resistance to 
the motion of cars were due only to rolling friction, the 
maximum speed would be roughly proportional to the 
power of the engine (when geared with the appropriate 
ratio). But as seen in the amazing plot of Figure 13, the 
power required goes up as the cube of the speed in the 
range of the diagram-say above 120 km/h. This is 
dramatic evidence that above this speed rolling friction 
becomes negligible and the main resistance to be over¬ 
come is all air drag. (Not of much worry in India where 
the potholes and the traffic keep speeds well below this 
regime.) 

What is even more interesting is that the effective area 
causing drag is the same for all the vehicles, roughly 
equal to three quarters of a square meter, and far less 
than their frontal area. This tells us how important 



V (kilometers per hour) 

Figure 13. Engine power plotted against maximum speed for four 
makes of automobiles. The diagonal is steep because power increases 
as the third power of the speed. To go twice as fast requires an 8-fold 
increase in engine power. (Reproduced with permission from ref. 9. 
Copyright 1992 and 1996, Henk Tennekes, reprinted by permission 
of MIT Press.) 


Streamlining is, and to what extent it has been 
implemented, given the constraint that if a car were 
shaped like a trout, it would either be far too long or 
have no useful volume to speak of. More importantly, it 
tells us that the lift/drag ratio collapses rapidly at higher 
speeds, when air drag rears its ugly head, and partly ex¬ 
plains why the recent land-speed record-breaking car 
has an engine with 75 megawatts of power! This is more 
than what is required by the cube law, but at the super¬ 
sonic speeds achieved fresh terms enter the drag equa¬ 
tion. 

An even more striking demonstration that the air is not 
as thin as it is transparent is the 200-metre bicycle speed 
record over the years as shown in Figure 14. Until 1974 
all efforts went into improving the tyres and the gears 
with only microscopic annual improvement. At this 
point they woke up to streamlining with immediate re- 
sults^^. Remember the cube law and also that a racing 
cyclist is pushing aside one-half to one ton of air a mi¬ 
nute, which is why members of a team benefit from rid¬ 
ing one behind the other, just as birds do by flying in a 
V formation. It has been calculated that by flying in 
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Figure 14. Speed record over the years for a cyclist over a 200-m 
distance after a flying start: steady slow improvement, followed by 
the revolution of streamlining. (Reproduced with permission from 
ref. 10. Copyright 1987, Philip and Phylis Morrison. Reprinted by 
permission of Random House, Inc.) 
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formation, 25 birds could get an increase of 70% in dis¬ 
tance travelled for a given expenditure of energy, and it 
has been observed that the role of leader is changed over 
on a rota system during the flight. On the matter of bi¬ 
cycles which are remarkable inventions, I will have 
more to say a little later. 

To speed or not 

Water, though occasionally transparent, is definitely 
thicker than air, and the force required to move water 
craft, diminishes with decrease in speed, and at an even 
faster rate. A horse that would need a very smooth road 
and good wheels to pull a 3-ton wagon can tow a 30-ton 
barge at walking speed. If you were willing to go slow 
enough to reduce the Reynolds number to that of order 
unity, the force required to tow anything depends only 
on the density and viscosity and for water is lO"^ dynes! 
Ships taking their time to cross the oceans must there¬ 
fore give the absolutely lowest cost per ton-mile, if fuel 
was all that was counted. But time is also money in m'^^'e 


ways than one, not least when considering the capital 
cost investment. And speed has value from many differ¬ 
ent points of view including the importance of being 
there physically and not just virtually. 

This issue was confronted head-on in a famous arti¬ 
cle" written almost fifty years ago by Gabrielli (the di¬ 
rector of the Fiat airplane factories in Italy) and von 
Karman whom I have mentioned already. They began by 
saying that the history of technique and engineering tes¬ 
tifies to the irresistible urge of humanity to go faster and 
faster and appropriately titled their article ‘What price 
speed?’. They pointed out the difficulty of finding a 
measure of the comparative economy of locomotion be¬ 
cause it is impossible to find a general measure for the 
value of speed in human life, and whose appreciation 
depends more on one’s philosophy of life than on engi¬ 
neering science. 

Having said all this, they proceeded to lay the foun¬ 
dation of any such future analysis and to draw conclu¬ 
sions that qualitatively remain valid after nearly half a 
century. As seen in their diagram (Figure 15), ships are 



Figure 15. The energy cost of transport in different types of single vehicles. (Reproduced from ref. 11 with permission, 
Copyright 1950, American Society of Mechanical Engineers International.) 
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the most economical single vehicles at low speed. They 
also showed that for medium speeds the terrestrial, and 
for high speeds the aerial vehicles represent the opti¬ 
mum cases. Among numerous other perceptive remarks, 
they noted that convoys should be considered separately 
from single vehicles, especially trains which have far 
less air drag per unit weight because of their high length 
to cross section ratio. The speed of modern Japanese 
and French trains has far exceeded what was possible at 
the time of writing of their article, and I would like to 
illustrate their point with an example. We have seen in 
Figure 13 that in the case of automobiles a 3-fold increase 
in speed from 100 to 300 km/h entailed a 27-seven fold 
increase in engine power. For the identical 3-fold increase 
in speed, the sleek French highspeed train (TGV) 
requires only a 3-fold increase in power, namely 12 
megawatts as opposed to 4 megawatts for an old- 
fashioned train of similar length doing 100 km/h! It is 
for such vehicles whose rolling friction would dominate 
over air drag even at high speeds that magnetic levita¬ 
tion makes sense; a pilot MAGLEV train in Japan re¬ 
cently reached 400 km/h and has a target speed of 
550 km/h. 

In the final section of their remarkable analysis Gab- 
rielli and von Karman investigated the limitations 
to speed imposed by structural considerations. By intro¬ 
ducing an appropi'iate structural parameter involving 
the allowable stress and specific weight of the construc¬ 
tion material they showed that it is understandable 
that every class of means of transportation approaches a 
special limit beyond which no practical design is 
possible. They concluded presciently that high-rate ti¬ 
tanium alloys, in development at the time of their writ¬ 
ing, might substantially change the results of their 
analysis^ ^ 

A recent attempt at bringing things up to date 
can be found in the delightful book The Simple 
Science q/(Reviewed in Curr. Sci,, 1997, 73, 7.) 
already referred to and which deals with very much 
more than flight of all kinds‘^. The conclusion of Tenne- 
kes, the author, stated very simply is that 200 km/h is 
the rough dividing line below which wheels make ener¬ 
getic sense but above which wings hold sway. To quib¬ 
ble a bit, my guess is that ‘wheel-less’ magnetically 
levitated trains may in the future come to occupy the 
middle region up to 500 km/h to advantage. 
But for transoceanic passenger travel and light freight, a 
jumbo jet flying at 1,000-plus km/h and at 10-pius km 
altitude has no economic competition as Tennekes very 
convincingly argues. Explaining the remarkable 
optimization, some of it fortuitous, of this particular 
aircraft, he calls the Boeing 747 the commuter train of 
the global village and notes that ‘it was possible to de¬ 
sign it only after titanium alloys much stronger than the 
best steel and aluminum alloys appeared on the mar¬ 
ket’ll 
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Muscling forward 

I started with animals and I shall return to them. Twenty 
five years after ‘What price speed?’, and almost as long 
ago, appeared another famous paper entitled ‘The ener¬ 
getic cost of moving about’It was written by Vance 
Tucker, a biologist at Duke University in the US, who be¬ 
gins by asking why people should encumber themselves 
with a heavy apparatus such as a bicycle, particularly while 
going uphill. The invariable answer is, of course, that it 
is easier, but Tucker investigates why it should be so by 
looking into the way the muscles involved in locomotion 
work and the amount of energy expended. 

To one like me who has been involved only with me¬ 
chanical vehicles, some biological notions take getting 
used to such as that the cost of transport is infinite when 
the animal is standing still. This is because the meta¬ 
bolic rate remains finite even when the animal is not 
moving. Looked at this way, the efficiency becomes fi¬ 
nite when the speed is greater than zero and the cost of 
transport reaches a minimum value at some speed at 
which the animal can cover distance on the level with 
the least energy expenditure. For example, a human of 
70 kg achieves this at a fast walk - just over 6 km/h. At 
this speed, the metabolic rate is about 450 W, which 
when jogging briskly goes up even faster than the speed 
with a consequent drop in efficiency. 

Tucker’s study involved a vast range of animals, and 
in Figure 16, we see his plot of the minimum costs of 
transport for a variety of swimmers, fliers and runners, 
as well as some man-made devices and different forms 
of human locomotion. Tucker noted that as the range of 
masses on the abscissa covers 12 orders of magnitude 
from a fruit fly to a freight train, it is not surprising that 
the minimum costs of transport vary widely. What is 
surprising, however, is that swimming, flying and pedes¬ 
trian animals fall roughly into separate groups irrespec¬ 
tive of taxonomic status, as shown by the three lines in 
his plot. Excluding mice, a single line describes the 
minimum costs of transport for runners varying in size 
from small lizards and running birds to horses. 
Similarly, a single line fits the data for swimming fishes 
and another for fliers ranging in size from a fruit fly to 
the largest of muscle powered fliers, a pedal airplane. 
Within each category, the more massive the animal the 
less its cost of transport. Among the three categories the 
line for swimming fishes represents the lowest cost, with 
fliers next and runners the most uneconomical. What can 
we learn from this amazing collection of data on animal 
and other locomotion? Let me start with swimmers first 
and try to see if we can understand the general trend. 

In three dimensions 

The first point to note is that most fish have internal 
mechanisms that adjust their density to become neutrally 
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buoyant. Thus, expenditure of energy is not required to 
support them in the water, but only to push them through 
it, I have already remarked on the quality of nature’s 
streamlining of fish, but have not mentioned that it is 
quantitatively so good that profile drag is a negligible 
addition to that caused by skin friction. The total is ef¬ 
fectively equal to the resistance that a flat plate, of sur¬ 
face area equal to that of the fish, would feel when 
moving edgewise through the water at the same speed! 
As in the case of boats discussed earlier, the magnitude 
of this drag (proportional to the square of the speed) can 
be made arbitrarily small by decreasing the speed. But 
as pointed out above, the existence of a metabolic rate 
even for fish at rest must lead to an optimum speed that 
will depend both on the mass of the fish, and the de¬ 
pendence of metabolic rate on mass. 

In a very famous paper written over sixty years ago, 
Kleiber^^ showed that the basal, or resting, metabolic 
rate for animals over the vast range from mice to ele¬ 
phants scales closely as This amazing relationship 

has also been found to apply to aquatic species in more 
recent determinations^"^. Small variations from this rule 
will make a negligible difference for my purpose here, 
and in Figure 17, I have plotted both the static and dy¬ 
namic contributions to the metabolic rate of swimming 
fish. Together they lead to a minimum cost of transport 
which scales approximately as the slope of the 



0 0.5 1 1.5 2 


Speed (in units of the Optimum Speed) 

Figure 17. The energy cost of transport over unit distance versus 
speed for swimming fishes. For transport of mass M over unit 
distance at uniform speed V, the basal costs is A/V and that for mo¬ 
tion is BV", where A is assumed proportional to (metabolic rate), 
and B proportional to (surface area for self-similar shapes) 
and includes conversion efficiencies. Then, for unit body mass, 
the minimum energy cost is proportional to (the slope in 

Tucker’s plot) and is achieved at an optimum speed, which, for 
the above assumptions, is effectively independent of the mass, ac¬ 
tually proportional to (It would be truly independent of the 

mass if the dependences of A and B on mass had a common expo¬ 
nent, say y. The minimum energy cost then would be proportional to 
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line for fishes in Figure 16. (Apart from the red aerobic 
muscles used for steady movement, most fish, like other 
vertebrates, are also equipped with anaerobic white 
muscles. But as these are used only for rapid accelera¬ 
tion or in bursts of speed they do not affect the discus¬ 
sion.) And this minimum is achieved at an optimum 
speed which is practically independent of the mass. For 
the assumptions made here (see Figure 17 legend), it 
scales as the 36th root of the mass, an interesting but 
inconsequential exponent. 

The main point I wish to make, and emphasize, is that 
the low minimum cost of transport, and its scaling with 
body mass, is a natural consequence of physical laws 
and the low basal metabolic activity of cold-blooded 
fish. Proper warm-blooded swimmers are not repre¬ 
sented in Figure 16, but they have been discussed by 
Peterswho showed that they would fall on a line be¬ 
tween those for fliers and runners in Tucker’s plot. As 
remarked by Peters, the high basal metabolic rate for 
these so-called homeotherms makes motion virtually no 
more tiring for them than standing still, and ‘may con¬ 
tribute to the playfulness so apparent in captive whales, 
seals and otters’l'** 

Moving up in Figure 16, the next line is for fliers. It 
excludes, naturally, soaring in thermals and gliding and 
such other forms of flight that derive energy from 
sources other than metabolic activity. One of Tucker’s 
most interesting experiments was with a small parrot 
trained to fly freely in a wind tunnel while wearing a 
mask, so its power input could be measured during flight 
at various speeds’^. I have already mentioned a little 
earlier that all flying machines should have two opti¬ 
mum speeds corresponding to maximum range and 
maximum endurance. Tucker’s budgerigar demonstrated 
this beautifully as seen in Figure 18. The balancing here 
is between the power required to be supported in the air 
and that to be pushed forward through it, at different 
speeds. As the resting metabolic rate for birds can be as 
low as a tenth of that during flight, it hardly plays a role 
in the establishment of the optimum speeds. Air is thin¬ 
ner than water, but birds and bats, like airplanes, have to 
fly fast enough to feel it sufficiently thick to support their 
weight, at which speeds the cost of transport becomes 
greater than in swimming. A great deal of work by many 
investigators has gone into understanding the aerodynamics 
and energetics of bird flight, and as Tucker, who has con¬ 
tributed immensely to this field, remarks ‘The line for 
flying birds in the figure can be predicted’!'^ 

On this confident note I shall leave the movements of 
fish and fowl and return to terra firma. 

Legging it 

Pedestrian animals like ourselves are constrained to 
move on, or just above, an uneven two-dimensional sur- 
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Figure 18. a, Vance Tucker’s budgerigar in the wind tunnel. 
(Reproduced with permission from ref. 9. Copyright 1992 and 1996, 
Henk Tennekes. Reprinted by permission of MIT Press.) b. The 
curves show the dependence on speed of power input (upper solid 
line), and energy cost of transport (bottom solid line), for the budg¬ 
erigar in level flight. The energy cost of transport has its minimum at 
a higher speed than for the power input, and corresponds to the value 
where a dashed line drawn through the origin of the axes for power 
input and flight speed is tangent to the corresponding curve. 
(Reproduced from ref. 12 with permission. Copyright 1975. Re¬ 
printed with permission from American Scientist.) 


face that supports our weight whenever one or more of 
our limbs rests on the ground. It is true that we are im¬ 
mersed in the atmosphere, but still air contributes totally 
negligible resistance to movement at the normal speeds 
of most walkers and runners. Therefore, except for the 
initial acceleration, motion on the level and at constant 
speed should require energy only to overcome friction 
with the ground. Recalling the permanent overhead of a 
basal metabolic rate, and its high value for warm 
blooded creatures, the cost of transport for land animals 
should decrease with increasing speed up to a point, and 
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be the lowest instead of the highest as seen in Tucker’s 
plot. 

Note however from the same plot, that a human who is 
physically clumsy compared to most of nature’s other 
creations, actually achieves the lowest cost of transport 
ever measured for an animal, by equipping himself with 
a bicycle. Also that one can do almost as well on ice 
skates. I have already remarked on the very low friction 
associated with wheels on level surfaces, and runners on 
ice, in connection with sail-powered craft. With these 
two devices one can propel oneself at speeds where 
lowering the head to reduce air resistance makes a dif¬ 
ference, and when the cost of transport reaches the ulti¬ 
mate low! Can this mean that the frictional loss between 
feet, paws or hooves and the ground is enormous? Not at 
all, because if one’s toot does not slip when walking, its 
action approximates rolling, and very little energy is lost 
underfoot. What then is the meaning of the high cost of 
transport for walkers and runners because it is not likely 
that nature made a botch of them all. 

There are two questions that need answers here. 
Where did the energy go, and what was it that was being 
optimized? I see them as related and shall attempt to 
answer them together. Unlike swimming or flying which 
could be along a straight line connecting origin and des¬ 
tination, walking or running is the negotiation of the 
terrain in-between with obstacles of a variety of shapes, 
and all possible sizes from pebbles to mountains. The 
limbs, and their extremities, of mountain goats jumping 
from crag to crag, or of monkeys swinging from branch 
to branch were undoubtedly optimized to increase ma¬ 
noeuvrability, and the ability to get there, with less re¬ 


gard to extra metabolic cost. Even more energy expen¬ 
sive than the steady-state aerobic values of Figure 16 are 
the sprints of predators like cheetahs, and those of the 
antelopes that try to escape them, both highly occasional 
and that call on anaerobic muscles. 

The near-zero'^ locomotory efficiency of warm¬ 
blooded walkers is simply because the energy expended 
in accelerating the body by contracting a muscle at the 
beginning of a step is lost by stretching it at the end of 
the step, and doing what biologists call ‘negative’ work 
(because the displacement is opposite to the direction of 
the force). More recent work'^ has shown that some 
fraction of the energy can be stored elastically and re¬ 
covered for the next step, but this does not affect the 
line of reasoning here. What was optimized as I see it, is 
the ability to stop dead or change direction (e.g. to avert 
possible danger), rather than letting momentum carry 
you along unwillingly like on a bicycle without brakes. 
For all the needs of life on land, efficiency in moving 
must be of less importance than having the incredible 
control and manoeuvrability of animals with legs, 
which vehicles on wheels or skates could hardly ever 
have. 

An interesting historical development related by 
Gould'® is that by the sixth century AD, 2000 years after 
generals of the biblical armies rode on chariots, wheels 
as a means of transportation virtually disappeared from 
Morocco to Afghanistan and were replaced by camels. 
As pack animals, they were more efficient than carts 
pulled by draft animals (even by camels), could ford 
rivers, traverse rough ground, required far less man¬ 
power to tend them than if with wagons, and had great 



Figure 19. Escher’s design for all-terrain locomotion. (From De Werelden van M. C. Escher, Meulenhoff 
International Amsterdam, 1971.) 
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endurance and longevity. The committee supposedly 
charged with designing a horse did remarkably better 
than generally appreciated. Finally, as a space-age ex¬ 
ample of this kind of reversion, we have planetary ex¬ 
ploration vehicles designed with legs instead of wheels 
to cope with very uneven terrain. But the ultimate solu¬ 
tion to cope with all conditions comes from the fertile 
mind of the inimitable Escher (Figure 19). 

As Tucker explained^^, an alternative strategy for the 
efficient use of muscles is to prevent them from 
stretching at all. This can be accomplished by means of 
a mechanism that converts the downward velocity com¬ 
ponent of the body’s center of mass at the end of one 
step cycle to the upward component at the start of a new 
cycle by applying a force to the center of mass at right 
angles to its direction of motion, doing no work in the 
process. This is the principle used by birds and bicy¬ 
clists (and skaters) to attain high muscular efficiencies 
during locomotion. Tucker concluded by saying that the 
cost of transport on a bicycle is low because active 
muscles are not stretched while pedaling and mean 
muscle efficiency is about 0.25, nearly its maximum 
value. Thus do humans move along a level surface with 
the same muscular efficiencies that swimming and flying 
animals achieve naturally. 

Locomotion at its best is thus the story of wheels and 
wings. 
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Confocal microscopy: A powerful technique for 
biological research 


Amit Singh and K. P. Gopinathan 

Microbiology and Cell Biology Department, Indian Institute of Science, Bangalore 560 012, India 


Confocal microscope permits the generation of three- 
dimensional images of biological and nonbiological 
specimens. The efficacy of this technique lies in 
the elimination of out-of-focus glare by spatial filter¬ 
ing, utilizing a point source of light for excitation, 
and a pinhole confocal with the excitation pinhole in 
front of the detector. A combination of transverse 
resolution with noninvasive optical sectioning results 
in very high quality images of biological specimens. 
Several combination of lasers can be coupled to the 
fibre optics of the scanning unit in order to increase 
the number of excitation wavelengths. Powerful 
softwares that display and analyse 3-D data are 
currently available. Laser scanning confocal 
microscopy has proved to be most suitable for the 
analysis of structural details of thick specimens and 
promises to be of great potential in providing 3-D 
volume renderings of living cells and tissues over 
time. 


Conventional light microscopy allows the observation 
of living as well as fixed cells and tissues to generate 
two-dimensional images. The out-of-focus information 
often obscures the ultrastructural details, especially in 
thick specimens with overlapping structures'"^. The ear¬ 
liest available light microscopy visualized the objects in 
hydrated state in two-dimensions during their temporal 
development. The emergence of electron microscopy 
(EM) provided superb resolution of ultrastructural de¬ 
tails, but it was applicable only for objects in the dehy¬ 
drated state and thereby potentially introducing handling 
artefacts^"^’^ The usefulness of optical methods, how¬ 
ever, has been limited by the poor depth discrimination. 
Often, the fluorescence and reflectance images are se¬ 
verely degraded by the scattered- or emitted-light from 
tissue structures outside the plane of focus. These limi¬ 
tations have been partially overcome by video image 
processing^"^’"^"'’ and deconvolution^. Laser scanning 
confocal microscopy (LSCM) overcomes the above dif¬ 
ficulties and produces improved light microscopic im¬ 
ages of fixed as well as living cells and tissues^’^’"^’^’^^. In 
terms of resolution of the image, the confocal micro¬ 
scope occupies a position in between the light and elec¬ 
tron microscopes^’^^’^^. 
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Confocal microscope generates information from a 
well-defined optical section rather than from the 
entire specimen, thereby eliminating the out-of-focus 
glare and increasing the contrast, clarity and detection 
sensitivity^’^^’^^. Optical sectioning is noninvasive and 
less time consuming compared to reconstruction 
algorithms to give 3-D images'^’^^’^'^"^^. Optical sec¬ 
tioning is achieved not only in the xy plane 
(perpendicular to the optical axis of the microscope) but 
also vertically in the xz or yz plane (parallel to the opti¬ 
cal axis)^’^'^^. With vertical sectioning, cells are scanned 
laterally (x or y axis) as well as in depth {z axis). Stacks 
of optical sections taken at successive focal plane 
(known as z series) are then reconstructed to generate a 
3-D version of the specimen. The 3-D image can be di¬ 
rectly visualized where each data point represents the 
quantity of specific contrast parameter used at a certain 
point in space. The image processing can be additionally 
used to enhance the confocal images. It is widely used in 
the fluorescence mode for different specimens and in 
bright field reflection mode for objects of different 
forms. 

Principle of confocal microscope 

The principle of confocal microscope was introduced by 
Minsky^^’^^ The method of image formation in confocal 
microscope differs fundamentally from conventional 
wide field microscope (Figure 1). In conventional mi¬ 
croscopy, the entire specimen is illuminated uniformly 
and simultaneously along the plane in which the objec¬ 
tive lens is focused (Figure 1 a). This results in an out- 
of-focus blur from areas above and below the focal 
plane of interest, thereby reducing the contrast and the 
resolution of image. Illumination in confocal micros¬ 
copy, on the other hand, is not simultaneous but sequen- 
ti^l2,i5,i8 illumination from a laser source is focused 
as a spot on one volume element of the specimen at a 
time (Figure 1 b). A point light source is imaged in the 
plane of the object and the fluorescence emitted from 
the object is directed to a photomultiplier through a de¬ 
tector pinhole. A computer displays the point as a pixel 
on screen. In order to produce a complete image, the 
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Figure 1. Illumination of specimen in conventional and laser scan¬ 
ning confocal microscopy. In conventional microscopy {a), the entire 
depth of specimen is illuminated continuously which results in the 
detection of out-of-focus and in-focus signals together, causing loss 
of resolution. In LSCM, the specimen is illuminated sequentially 
covering specific points at a time {b). These images of points which 
are devoid of out-of focus signals are then added to form a complete 
in-focus image of the specimen. (C, coverslip; S, specimen; SI, 
slide). (Adapted from Ref. 15) 


light point is moved over the entire object line by line, 
by means of a mirror. The image is generated simultane¬ 
ously on a monitor. The arrangement of the detector 
pinhole, confocal with the illumination pinhole, ensures 
that the information from only the focal plane reaches 
the detector. Light from out-of-focus elements is virtu¬ 
ally eliminated (Figure 2). This accounts for the unique 
ability of the confocal microscope to create images of 
sections through a sample. The focusing stage and the 
computer allows the generation of a whole series of sec¬ 
tional images which can be stored. These data records 
are used to create 3-D images in a number of ways. 
Topographic measurements can also be made easily. 

There are at least three different technical setups 
of the confocal microscopes: (i) True-point scanning 
system using point illumination and detection, 



Figure 2. The confocal principle . A laser beam is directed on to the 
specimen by a scanning system through a high numerical aperture 
objective. Induced fluorescent or reflected light is scattered in all 
directions. Light is collected by the objective lens and directed 
through the scanning system towards the beam splitter. Imaging 
aperture allows only in-focus light (straight line) and eliminates the 
out-of-focus light (broken line). (Adapted from Ref. 65) 


(ii) Slit-scanning systems using a slit instead of the pin¬ 
hole in front of the detector, and (iii) Disk scanners us¬ 
ing multiple pinholes on a rotating disk for scanning and 
detection. True-point system has high sensitivity and the 
theoretical x-, y- and z-resolution. Slit- and disk¬ 
scanning systems provide the benefit of real time obser¬ 
vation of the specimen but there are drawbacks and 
compromises with respect to z- and ;\:-resolution, higher 
backgrounds and fluorescence yields. Confocal micro¬ 
scope achieves a dramatic 1.4-fold increase of resolu¬ 
tion by physical means compared to the normal optical 
microscopes^’^^. 


Historical perspective 

The confocal microscope was invented specifically for 
studying neural networks in the living brain^^’^^ Zirco¬ 
nium arc was used as a light source with a pinhole in 
front of it. The ray of light was focused by an objective 
lens into the specimen. The light transmitted through the 
specimen was focused by a second objective lens into a 
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Box 1. Confocal microscope 


Confoca! microscope is a versatile tool which permits the 
generation of 3-D images of biological and nonblologica! 
specimens. A schematic presentation of the confocal micro¬ 
scope is shown in Figure 2. The instrument uses a high nu¬ 
merical aperture (NA) objective to focus the specific 
wavelength of a laser to a diffraction-limited spot on or in the 
specimen. An ordinary epifluorescence microscope is used 
for the purpose, with a semi-silvered mirror (for reflectance) 
or a dichroic mirror (for fluorescence) serving to Introduce the 
illuminating beam into the microscope optical axis^ A pair of 
microcomputer-controlled galvanometer mirrors beyond the 
dichroic or semi-silvered mirror steer the spot over the object 
being viewed. Reflected or fluorescent light from the illumi¬ 
nated spot is returned and descanned by the same galva¬ 
nometer mirrors, passed by the dichroic mirror, and focused 
on a pinhole in front of the detector - a low-noise photomul¬ 
tiplier tube (Figure 3). A beam splitter and a second pho¬ 
tomultiplier permit dual wavelength fluorescence imaging 
and ratio measurements. Images are built up from the digit¬ 
ized photomultipliers. The images can be collected more 
rapidly by reducing the number of pixels and can be 
summed, subtracted from or added on to the stored images. 
A wide range of digital-image-enhancement methods Includ¬ 
ing contrast stretching, false colour intensity coding and vari¬ 
ous Image convolutions leading to edge enhancement or 
other forms of spatial frequency filtering can be applied. By 
integrating successive images, weakly fluorescent structures 
can be recorded with a sensitivity comparable to that of a 
silicon intensified camera. 

The beam steering and photodetector apparatus are at¬ 
tached to the microscope In much the same way as an 



Figure 3. The organization of the confocal microscope and the 
path of the laser beam. 


ordinary video camera. The microscope is also equipped with a 
routine mercury arc epifluorescence system to facilitate rapid 
location of the areas of interest by direct visual observation of a 
fluorescence image. A light collector can be mounted below the 
substage condenser, directing the transmitted laser light to a 
photomultiplier tube (PMT) through a fibre optic conduit (Figure 
3). This way, ordinary bright field, phase contrast or differential 
interference contrast images of thin specimens can be collected 
for direct comparisons with confocal fluorescence or reflectance 
images. 


second pinhole which was confocal (i.e. at the same fo¬ 
cus) with the first hole. The light passing through the 
second hole was detected by a low-noise photomulti¬ 
plier. 

The basic configuration of the modern confocal mi¬ 
croscope is a lighter version of Minsky’s micro- 
scope^^'^®, where the beam was stationary and the 
specimen was moved on a vibrating stage. This optical 
arrangement had the advantage of scanning always on 
the optical axis, eliminating lens defects. However, this 
was used mainly in materials science and only to a lim¬ 
ited extent in biological research because the vibratory 
movement caused wobble and distortion of the image^^. 
An alternative to moving the specimen is to scan the 
beam across the specimen which can be performed ei¬ 
ther by multiple beam scanning or by single beam scan¬ 
ning. The flying-spot microscope^^ and the scanning- 
mirror microscope^^ are nonconfocal forerunners of 
beam-scanning confocal microscopes. 

The pioneers of multiple beam technojogy were inter¬ 
ested in imaging the growing nerve cells in intact 
brain^^. The tandem scanning reflected light microscope 
uses a bright white light source and a modified Nipkow 
disk to scan the specimen with hundreds of points of 
light. The apertures of this disk were designed to match 


the excitation and emission of the light path. The disk 
spins rapidly and acts as a point source, and a spatial 
filter prevents the out-of-focus light from reaching the 
photodetector, which can be the human eye or a sensi¬ 
tive video camera. The image viewed is the same as in 
conventional microscope and shows true colours of the 
specimen^^. 

Fluorescence microscopy, using tandem scanning re¬ 
flected light microscope, can be a practical option be¬ 
cause of the presence of Nipkow disk and the improved 
efficiency of light^'^. It is also easy to select different 
wavelengths of light, including UV and IR excitations, 
by optical filtering for multiparameter fluorescent imag- 
ing^^. The microscope scans in almost real time so that 
events such as exocytosis during fertilization could be 
observed^^. 

Tandem scanning confocal microscope produces ex¬ 
tremely high resolution images, scanning fast enough to 
make the full image visible. Highly reflective or fluores¬ 
cent specimens and extremely bright light sources could 
only be used because the aperture excludes a high pro¬ 
portion of light. This difficulty is overcome by the use 
of laser illumination with a mechanically scanned 
specimen'^ which, however, imposes limits on the mass 
and stability of the preparation and on the speed of the 
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scan. These limitations have been largely overcome through 
the development of beam-steering methods to scan the il¬ 
luminating spot within fixed microscope optics^"^. 

Advantages of laser scanning confocal microscopy 

Confocal microscopy provides two major advantages 
over the conventional light microscope: (i) the amount 
of glare from the specimen is reduced by the spatial fil¬ 
tering of the pinhole. In general, by reducing the diame¬ 
ter of pinhole the amount of specimen sampled is 
reduced to provide a thinner optical section, but there is 
an optimal pinhole size for every objective lens^^, and 
(ii) the image resolution is improved by a factor of two 
if the input and output apertures are both imaged as a 
diffraction limited spot. These factors vary with the ob¬ 
jective lens and with the biological specimen. It is better 
to use a planapochromat objective lens with the highest 
possible numerical aperture and absence of phase 
rings^^. The system should have flexibility in image 
generation to overcome the limitations imposed by the 
biological specimens. For instance, the adjustable pin¬ 
hole should not only allow confocal conditions ideally 
required for imaging but also the ‘not-quite-confocal’ 
ones to capture images from relatively dim specimens. 

LSCM provides dramatic improvement in image qual¬ 
ity in thick and brightly-labelled fluorescent specimens 
such as eggs, embryos and whole tissues. For instance, 
in embryonic gene expression studies on mulberry silk¬ 
worm, Bombyx mori, epifluorescence microscopy failed 
to resolve the expression patterns in embryos as they are 
thickly encased under the vitellophages^^. Light from 
fluorescent microscope was unable to pass through the 
thick embryos, resulting in blurred images, but this 
problem was overcome by LSCM. The optical section¬ 
ing of the embryos permitted visualization of the do¬ 
mains of gene expression in germband (Figure 4). 
Further, LSCM has been extensively applied in devel¬ 
opmental genetic studies in Drosophila, A representa¬ 
tive example of this application presented here (Figure 
5), shows the pattern of gene expression, patched (ptc) 
and wg (Figures 5 a, b) respectively, during embryonic 
development. Optical sectioning improves the resolution 
bringing out the cellular details even in such specimen 
as the imaginal discs (Figure 5 c). LSCM not only 
permits imaging of single label (Figures 5 a, b, c) and 
multiple labels (Figure 5 d), but also the superimposition 
of these images helps in better interpretation and analy¬ 
sis. 

White et have compared images of the same re¬ 
gion from a range of specimens using conventional 
epifluorescence microscope and LSCM. In most cases 
confocal microscopy provided 3-D structures with sig¬ 
nificant reduction in the out-of-focus glare. Samples in 
general, are overstained for LSCM compared to staining 
for conventional epifluorescence microscopy because 


the total fluorescence within the entire specimen is not 
sampled in the former. Further, various antifade agents 
are used to combat photobleaching of fluorophore by the 
laser bearn^®"^^. 

Applications of LSCM 

The confocal microscope provides novel and better un¬ 
derstanding of cellular structures and processes. These 
include: (i) cellular localization of organelles, cytoskele- 
tal elements and macromolecules such as proteins, RNA 
and DNA, (ii) tracing specific cells through a tissue, (iii) 
producing optical sections for stereo image production 
and thrpe-dimension reconstruction, (iv) imaging in four 
dimensions, and (v) ion imaging and fluorescence re¬ 
covery after photobleaching^^. The confocal microscope 
can also be used in the reflectance mode, which allows 
the reduction in out-of-focus blur from nonfluorescent 
labels such as the diaminobenzidine reaction products 
formed in cytochemical detection or the silver grains 
present in autoradiograms during in situ hybridization^^ 
Various applications of LSCM are summarized in Table 1. 

Confocal fluorescence microscopy 

The confocal principle is especially valuable in fluores¬ 
cence microscopy since it almost completely eliminates 
the stray light coming from the nonfocal plane. Thus, 
fluorescence images with optimum clarity and resolution 
of specific details are produced. The use of fluorescent 
dyes and labels has revolutionized LSCM and a vast 
collection of such dyes is currently available^’^^'^^’^^ 
(Table 2). Optical sectioning power of LSCM has been 
exploited in many studies to produce images of fixed 
specimens labelled with single fluorochrome (e.g., 
studies on neurons^^, assembly and movement of plant 
viruses^^ and cell lineage and differentiation of corneal 
cells^^). 

Confocal microscopy allows the observation of two or 
more structures simultaneously in the same cell or tissue 
using multiple labelling (Figure 5 d). One of the ways is 
to use the 514 nm excitation line of Argon laser to ex¬ 
cite both fluorescein and rhodamine. The light emitted 
from the two flurochromes on excitation is split into two 
by filters which is then directed to separate photomul¬ 
tipliers. Alternatively, a Krypton-Argon laser, which 
has a better separation of fluorescein and rhodamine 
signals, or two individual lasers can be utilized to pro¬ 
duce the same effect. A great advantage of simultane¬ 
ously collecting images in the same framestore is that 
they can be merged to map the distribution of the two 
labels in a tissue. For instance, one of the images can be 
coloured green and the second image can be coloured 
red and the regions of overlap will then appear yellow 
(Figure 5 d). The double-labelled specimens collected 
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Figure 4. Visualization of gene expression in silkworm embryos. The expression of proliferating cell nuclear antigen (pcna) gene in silkworm embryos 
has been visutJized by confocal microscopy, following antibody staining. Bombyx mori embryos were dechorionated by treatment with hypochlorite 
bleach-heptane followed by treatment with primaiy antibodies and stained using FITC conjugated secondary antibodies. The samples were examined 
under an argon laser of confocal microscope (Biorad MRC 1000). {a) Expression at the syncitial blastoderm stage, at 10 h after egg laying (AEL) (10 x). 
{h) Developing germband with formation of the segments, at 20 h AEL. (^r) Magnified view of the developing germband (20 x) and {d) Embryo with 
well-developed germband, at 35 h AEL. Note the expression is uniformly distributed in the entire germband with several pockets of rapidly dividing cells. 



Figure 5. Confocal micrographs of Drosophila embryos and imaginal disc. The specimen were treated with primary antibody [patched (ptc)> wingless 
(wg) and cubitus interruptus (ci)] followed by FITC-tagged secondary antibody and observed under confocal microscope, (a, b) ptc and wg expression in 
stage 10 embryos, (c) Localization of ci using (i) anti Pgal antibody in enhancer trap line (ii) anti ci antibody in wing imaginal discs, (d) Multiple 
labelling in somatic clones generated by flip recombinase technique in wing imaginal discs [ci- (red), ptc (green) and ci and ptc superimposed (yellow)]. 
Photodocumentation can be done on both black and white and coloured films. (Courtesy: Dr Robert Holmgren) 
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Table 1. Applications of the laser scanning confocal microscope 


Technique 

Application 

Reference 

Confocal reflected 

Imaging unstained specimen 

36, 54-56 

light microscopy 

Confocal fluorescence 

FISH in thick samples and sections 

35, 45-49 

microscopy 

Single label 

29, 37-39 


Multiple label 

40-42 


Cytogenetics and chromosomal analysis 

50,51 


3-D reconstruction of live tissue 

16,40.47,57-60 


Time lapse 

62, 63 


Photoactivation of caged compounds 

68 


FRAP 

69 


Cell-cell communication 

70 

Laser scissors 

Chromosome surgery/micro-dissection 

78 

and tweezers 

Mitosis and motility of cell 

Cell membrane mechanics and cell fusion 
Reproductive biology: 

Sperm and oocyte manipulation 

Preembryo manipulation, 



In vivo manipulation of internal cell organelles 

79 

Atomic force 

Macroraolecular imaging 

70 

microscopy 

Interactive laser 

Membrane potential in single cells 

71 

cytometer 

Anisotropy in cell membranes 

74 


Diffusion of membrane components and 
cytoplasmic structures 

75 


Ion concentration and imaging in cells 

64, 65, 67 


Ratiometric ion measurements in cells 

32 


Statistical analysis of immunofluorescence 
at the level of single cells 

78 


Cell sorting 

Multi well screening for fluorescence quantitation 
in cell cultures 

32 


Analysis of anchored cells for enzymatic 
induction in situ 

79 


this way are prone to bleed through from one channel to 
the other and therefore require careful specimen prepa¬ 
ration. However, this can be rectified in a variety of 
ways by digitally subtracting the bleed through of one 
image in the other, or by using newer dyes whose exci¬ 
tation and emission spectra are better suited to the 
laser^^. This method has been successfully applied for 
the localization of human growth hormone to a subset of 
cytoplasmic vesicles in PC 12 cells'^^ and the determina¬ 
tion of gene expression during wing development of 
Drosophila^^, 

Another improvement for double-labelling is to use 
two different excitation wavelengths which are suffi¬ 
ciently separated. This is possible either by using a sin¬ 
gle laser and changing filter blocks, and digitally 
realigning the images"^^ or by using two Krypton-Argon 
lasers which give good separation of fluorescein and 
rhodamine"^^. Moreover, the Krypton-Argon laser has a 
third major line at 647 nm (red) and, therefore, different 
fluorochromes can be imaged simultaneously with a 
single laser. In fact, new dyes that are excited around 


647 nm line of the Krypton-Argon laser are currently 
available^^’'^'^. Imaging at these longer wavelengths, 
provides improved viability of live samples and deeper 
penetration into the sample^. 

In situ hybridization technique has been exploited in 
various model systems for the detection of nucleic acids 
within the cells and tissues. LSCM has been successfully 
employed in conjunction with in situ hybridization to 
analyse the spatio-temporal profile of gene expres- 
sion^^’"^^*^^, genetic diversity"^^, cytogenetic and chromo¬ 
some analysis^°’^\ 

A nonconfocal transmitted light imaging can also be 
generated with LSCM^^. This is extremely useful for 
image display purposes where a fluorescence image can 
be merged into a transmitted light image. In many cases, 
the fluorescence image alone is difficult to interpret 
without reference to the transmitted light image. The 
transmitted light image produced by the LSCM can be 
bright field, phase contrast, DIC or darkfield. The 
transmitted light detector collects light that passes 
through the specimen and then pipes it up on to the 
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Table 2. List of the laser 

sources and the emission by compatible dyes 


Laser 

Blue 

450nm 

Green 

530nm 

Yellow 

560nm 

Orange 

590nm 

Red 

610nm 

Far Red 

640nm 

UV-Argon 

Cascade blue 

Hoechst 

DAPI 

AMCA 

Monochlorobimane 

Indo-1 






Argon 


FITC 

Rhodamine 123 
Bodipy FL 
NBD-PC 

Fluo-3 

Acridine Orange 
DiOC6 

BCECF 

Cy3 

POPO-3 

Phycoerythrin 

Acridine orange 
Bodipy581 

Nile Red 
Hexylrhodamine 

Propidium- 

iodide 

Red613 

Fura red 

Quantum red 

Argon 

514 nm 




Hexylrhodamine 

DiL 

TRITC 



Krypton 

568 nm 





Lissamine 
Rhodamine 
Texas red 

DiA 

Mitotracker 


Krypton 

647 nm 






Cy5 

TOTO-3 

TO-PRO-3 


The dyes listed here include conjugates, DNA-, lipid-, membrane- and cell organelle binding agents, pH, Ca^^ and glutathione measuring dyes. 
(For details see ref. 32). 


second photomultiplier tube by means of fibre optics. 
The double label fluorescence transmitted light tech¬ 
nique has been used to study phagocytosis of fluorescent 
microspheres ingested by murine macrophages'*’^. By 
optical sectioning of the fluorescence image and super¬ 
imposing the transmitted light DIG image, it is possible 
to determine the number of fluorescent beads phagocy- 
tosed by individual macrophages. This technique is es¬ 
pecially useful for cells that tend to form 3-D clumps. 

Confocal reflected light microscopy 

Reflected light confocal microscopy can be used 
as an alternative to interference reflection microscopy^"^. 
LSCM produces improved images of the unstained 
specimen that reflects enough light to produce contrast 
in the image. Under conventional light microscope, 
these specimens scatter so much light that the structural 
details are obscured. LSCM eliminates much of this 
scattered light and produces extremely clear images (e.g. 
for observing cell adhesions to the substratum in tissue 
culture). In this mode of reflected light, LSCM specular 
reflection can appear in the image as a series of 
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diffraction rings due to the reflection from eyepiece 
in the microscope but this can be eliminated by insert¬ 
ing two polarizing filters and a quarter wave plate in 
the optical path^\ Reflected light LSCM improves 
visualization of the silver grains in autoradiographs 
of specimens prepared by in situ hybridization^^. 
This method has been utilized in observing samples of 
human immunodeficiency virus infected peripheral 
blood cells and tissue sections of placenta^^ and to 
detect viruses^^. 

Confocal microscopy of living tissues and 3-D 
reconstruction 

Minsky’s dream of in situ observation of live neurons is 
rapidly being approached by the currently available con¬ 
focal microscopes in conjunction with the newly devel¬ 
oped vital fluorescent dyes. The early LSCM was 
extremely light inefficient, whereas the recent develop¬ 
ments have improved the light budget so that live cell 
imaging is now a practical option*^’^. A major prerequi¬ 
site for successful live cell imaging is to reduce the 
number of photons that interact with specimen and then 
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to use all the photons leaving the specimen to produce 
an image. This is because living cells, especially when 
fluorescently labelled, are prone to photodamage^^. The 
improvements include scanning mirrors with better light 
efficiency (99%), and enhanced digitized images with a 
fast photon-counting mode. 

Different approaches for observing living cells and 
tissues using the LSCM have been developed. One of 
them is to include static imaging of unfixed material 
either with reflected light or using epifluorescence. This 
technique has been applied for tracing the pathway of 
labelled peptides through the cornea'^^ visualization of 
the endoplasmic reticulum in the plants using vital dye 
DiOC6^®, and the movement of antiproliferative heparin 
derivatives into rat smooth muscle cells^^. Another ap¬ 
proach is the use of reporter genes. The introduction of 
the green fluorescent protein (GFP) as a reporter cou¬ 
pled with LSCM has revolutionized the scenario of live- 
cell-imaging in the modern biological research. GFP has 
generated enormous interest among researchers studying 
gene expression in transgenic plant and animal model 
systems. 

There is a tremendous advantage in 3-D image con¬ 
struction from optical sections of LSCM compared to 
the physically sectioned specimens. The 3-D data sets 
can be transferred directly into a 3-D reconstruction 
programme that runs on a graphic workstation. After a 
relatively trivial file reorganization, they are processed 
into a 3-D image which can be rotated or dissected on 
the screen of the graphics computer in a short 
time^^’"^^’^^. There are two basic methods currently appli¬ 
cable to the display of confocal data sets - volume 
reading^^ and geometric surface rendering^\ The 3-D 
reconstruction permits the imaging of vitally stained 
tissues without damaging the specimen by physically 
cutting sections. 

Time lapse has been used for imaging changes in 
structure of single optical sections or z series with sub¬ 
sequent graphic reconstruction of each time point, 
sometimes referred to as 4-D imaging. Programmes are 
now available which automatically collect optical sec¬ 
tions over time and store them on a large hard disk or 
optical disk recorder. These programmes also allow the 
entire series or individually selected optical sections, to 
be played back over time. This is useful in following a 
particular structure that moves in the z plane over time. 
An example of time lapse using the LSCM is the record¬ 
ing of Golgi dynamics in cultured rat hippocampal as¬ 
trocytes which are labelled with a vital dye which 
showed both tubulovesicular processes, and small sub¬ 
micron particles emerging from the trans Golgi and mi¬ 
grating along the microtubules^^. Further, laser 
photobleaching experiments showed that tubulovesicular 
processes can provide direct pathways for the diffusion 
of membrane lipids between joined trans Golgi ele¬ 
ments'^. 


Confocal ion imaging 

Confocal microscopy is advantageous for imaging ions 
such as calcium because the narrow depth of field allows 
better visualization of intracellular details by eliminat¬ 
ing out-of-focus signals. Besides, the measurement er¬ 
rors due to path length variation are minimized since 
only a small and constant volume of the cell is sampled 
through the focal plane. Fast events are imaged using a 
smaller region, or a point in the specimen. Various fluo¬ 
rescent dyes, which change their fluorescence intensity 
relative to the concentration of free ions especially cal¬ 
cium, are now available^"^. The dyes available earlier 
(e.g. FURA-2), were excited at relatively short wave¬ 
lengths but most of the earlier versions of LSCMs were 
not equipped with LFV source. However, excitation of 
the shorter wavelength dyes was achieved using two- 
photon laser scanning fluorescence microscopy^’^ al¬ 
though the laser tends to be prohibitively expensive for 
routine work*^"^’^^. 

Two-photon excited fluorescence is another major ad¬ 
vancement in microscope-based laser manipulation^’^ In 
the conventional fluorescence microscopy, the absorp¬ 
tion of a photon excites each fluorescing molecule to a 
higher energy state, from which the emission of one 
photon occurs when it returns to ground state. In the 
two-photon mode there is simultaneous absorption of 
two , laser photons at the desired wavelength from the 
intended fluorophore. The only point in the 
cell/organelle at which the photon intensity is high 
enough to result in two-photon absorption is the intense 
focal point of the laser beam. Since the molecule ab¬ 
sorbs two photons virtually simultaneously, it behaves 
as if a single photon at half the wavelength of the im¬ 
pinging photons is absorbed, leading to fluorescence 
emission at a wavelength shorter than excitation wave¬ 
length. The two-photon fluorescence was initially devel¬ 
oped as an analytical fluorescence technique but it can 
be used to induce photochemical events at the cellular 
and subcellular levels. Multiphoton-induced focal plane 
specific photochemistry could become a powerful tool in 
future to induce or to suppress site-specific photochemi¬ 
cal processes in cells. 

Various ion-sensitive dyes which are excited at longer 
wavelengths and better matched to the argon laser are now 
available. They include FLUO-3, RHOD-2, calcium green, 
calcium orange, calcium crimson, FURA-Red for calcium, 
SNAFL, SNARF, and BCECF for pH measurements^^’^^. 

Other applications 

LSCM also permits photoactivation of caged com¬ 
pounds^^, which provides a rapid method for releasing a 
specific compound as a discrete spot within a single cell. 
A short burst of UV breaks the chemical bond of the 
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caged probe, releasing thereby the biologically active 
substance. Because UV is required for the photolysis, cells 
are often colabelled with a fluorescent probe, which can be 
monitored subsequent to the uncaging. Many of the current 
caged probes such as Nitr5, Diazo-2, IPS and EGTA induce 
calcium responses which can be monitored by colabelling 
with Fluo-3, calcium green and fura red. 

Fluorescence redistribution after photobleaching 
(FRAP) is another important application of LSCM for 
monitoring the recovery of fluorescence following- the 
photochemical destruction of fluorophores within a 
small localized area^^, FRAP enables the monitoring oi‘ 
lateral diffusion of fluorescently-labelled molecule in or 
on a single cell, and is frequently used to quantitate the 
rate and extent of diffusion of fluorescently-labelled 
lipids or proteins across the cell- or nuclear-membranes. 

LSCM is also used in measuring the efficiency of 
cell-cell intercommunication^®. This is based on the 
principle that intercellular gap junctions allow low- 
molecular weight molecules to diffuse between two live 
cells which are in direct contact with each other. There 
will be recovery of fluorescence within a cell following 
photochemical destruction of the fluorochrome. Pho- 
tobleached cells, which are connected to nonphoto- 
bleached cells by functional gap junctions, will exhibit 
fluorescence recovery. 

LSCM has also been exploited in various cell biologi¬ 
cal approaches such as the study of membrane poten¬ 
tial^*, immunofluorescence^^ at single cell level, 
anisotropy of cell membranes^^, diffusion of membrane 
components and cytoplasmic structures^"* and in situ 
analysis of enzymatic induction in anchored cells^^. 

Limitations 

A limitation of the present-day confocal microscope is 
the speed of data acquisition (time for scanning the laser 
across the preparation and for writing the data to the 
disk) and therefore, unsuitable for the study of phenom¬ 
ena changing in a rapid time scale. Cell development in 
cultures can be followed with the 3-D image acquisition 
in 0.5 to 1 min and in two dimension at considerably 
faster rates. Although a laser scanner can form an image 
in 1 to 4 sec, nearly all biological samples require mul¬ 
tiple scans before the signal to noise ratio becomes good 
enough to produce high quality images. Thus the real 
time for image acquisition in LSCM may be 1 min or 
longer. The speed of laser scanning will probably in¬ 
crease to acquire as many as 30 images per sec. The 
choice will be the white light-based systems because 
they offer a wide range of excitation wavelengths and 
necessary speed of data acquisition. 

Another basic problem of LSCM is that the UV 
epifluorescence objectives are designed to maximize UV 
transmission and are made achromatic for visible wave- 




Figure 6. The limitations faced by LSCM. Line drawing demonstrat- 
ing the phenomenon of (a) Lateral- and (6) Axial-chromatic aberra¬ 
tion. 

lengths. When a laser beam is scanned through an ob¬ 
jective, this inherent limitation causes lateral chromatic 
aberration, a situation in which objective focuses the 
UV laser illumination off to the side with respect to the 
visible fluorescence deletion spot (Figure 6 a). As the 
laser beam is scanned off-axis, both signal intensity and 
resolution decrease^® effectively, limiting the useful 
field of view. 

LSCM can also suffer from axial chromatic aberra¬ 
tion, a vertical displacement of the UV laser illumina¬ 
tion spot in relation to the point of visible fluorescence 
detection^^. Since ail the objectives used in LSCM focus 
the UV excitation light at a different depth than the 
visible detection light, the signal originating from the 
point of excitation will not be in proper focus for detec¬ 
tion. The situation results in a marked loss of sensitivity, 
becoming worse as thinner and thinner optical sections 
are selected for imaging (Figure 6 b). 

Application in biomedical field and future 
developments 

A versatile microscope workstation known as confocal 
ablation trapping system (CATSZ), composed of two 
trapping laser beams and one ablation beam, has been 
developed around a confocal microscope. The current 
generation of instruments are used in novel ways with 
potential for development into clinical instruments in¬ 
cluding confocal opthalmoscope and confocal screening 
system for in situ hybridizations involved in karyotyp¬ 
ing. The confocal images could be helpful in more accu¬ 
rate diagnosis. Optical sectioning property of confocal 
microscope is coming up as a replacement to the cryo- 
or ultrathin-sections in pathology laboratories. The op¬ 
timal use of the 3-D confocal data is believed to form 
the basis for structural analysis of the biological objects 
in the future. The property of equal imaging conditions 
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for all data points in on-axis confocal systems may 
prove to be very important for that, diagnostic research, 
which at present extensively depends on sectioning of 
the material coupled with histochemical examination, 
will rely on LSCM. Another possible application of 
LSCM in future can be in optical biopsy (the use of 
laser-induced fluorescence and other spectroscopic 
methods to identify biochemical constituents in tissues) 
and in monitoring photosensitizers immediately before 
or during photodynamic cancer therapy procedures. 

Advances may include more sophisticated computa¬ 
tional and imaging software that will aid in manipulating 
the enormous data to construct volumes rendered three 
dimensionally in real time for living specimens. The 
areas of application of LSCM are expanding with the 
introduction of new probes for biomedical research. 
Further developments in the design of sensitive dyes and 
specific probes for use in confocal microscope will 
permit cell biologists to explore subtle relationships 
between cellular structures and function quantitatively in 
a dynamic volume. Less expensive and more compact 
laser equipment will possibly become available in the 
near future. 

Nondamaging, high resolution techniques for imaging 
molecular structures in aqueous solutions continue to be 
developed and improved. Scanning probe microscopy 
(e.g. atomic force microscopy) is emerging as an impor¬ 
tant technique for macromolecular imaging and manipu¬ 
lations to enable imaging structures and to examine their 
mechanical properties'^. 

Mention should be made about laser tweezers and la¬ 
ser scissors, a laser trap device that enables the applica¬ 
tion of known forces to micrometer to submicrometer 
particles even within the cells. These two noninvasive 
techniques can be combined to provide cell biologists 
with the capabilities to hold (tweezers) and to cut 
(scissors) individual cell and organelles^®. Their earliest 
combined use was to induce cell fusion by first holding 
and positioning two cells with laser tweezers, and then 
cutting the adjoining cell membranes with laser scissors. 
The other critical applications are in the area of bio¬ 
physical and molecular mechanics including motor 
functions and polymer unfolding. Laser scissors and 
laser tweezers are currently available to do microsurgi- 
cal ablations and chromosome surgery or dissections^®, 
oocyte and sperm motility studies and preembryo ma¬ 
nipulations^^. They can also be used to spatially organ¬ 
ize components in vitro to reconstitute cellular functions 
which require correct juxtaposition of the components. 
Greatest changes and optimization in the techniques are 
expected in the next ten years, which might allow real 
time analysis even in complex samples. 
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This paper reports the chemical Th-U-total Pb iso¬ 
chron method (CHIME) dating of monazite from 
cordierite-bearing charnockite from Nellikkala in the 
Kerala Khondalite Belt, southern India. A total of 
185 spots on 25 monazite grains were analysed by an 
electron microprobe. The various ranges of concen¬ 
tration were: ThOj from 9.49 to 15.0 wt%, UO 2 from 
0.035 to 0.835 wt%, and PbO from 0.220 to 
0.343 wt%. Data points are arrayed linearly on the 
PbO vs Th02* (the measured Th02 plus Th02 
equivalent to the measured UO 2 ) diagram, and yield 
an isochron of 527 ± 10 Ma (MSWD = 0.13) with an 
intercept value of 0.0004 + 0.0051. The 527 ± 10 Ma 
monazite age agrees well with the Sm-Nd and Rb-Sr 
ages so far reported from the Nellikkala charnockite, 
and dates the Pan-African granulite facies metamor- 
phic event. The present study demonstrates that the 
CHIME offers reliable age data, has advantage of 
high-spatial resolution, and, hence, has wide geo- 
chronological applications. 


Since monazite and zircon are ubiquitous accessory 
minerals in igneous and metamorphic rocks, contain 
very little initial Pb compared with radiogenic Pb, and 
show high closure temperatures for Pb-diffusion, they 
may be useful for providing reliable geochronological 
information. Dating of micro-sized monazite and zircon, 
using conventional mass spectrometric technique and 
ion microprobe, however, is restricted to a limited num¬ 
ber of laboratories. Suzuki et a/.' and Suzuki and Ad- 
achi searched for an alternative way to date monazite 
and zircon, and developed an improved chemical 
Th-U-total isochron method (CHIME) on the basis of 
precise electron microprobe analyses of Th, U and 
Pb. This method has advantage in providing high- 
spatial resolution, and in being highly reliable for age 
dating of Th- and/or U-enriched minerals, particularly 
monazite. Suzuki et al.‘' also determined an activation 
energy of 2.44 x lO^J/mol and a frequency factor of 
3.4 X 10'^ cm^/s for Pb diffusion in monazite. Thus, the 
CHIME method has become a powerful new 

*For correspondence. 


geochronological tool, and opens a new vista for studies 
on igneous'*"'^ and metamorphic^’rocks as well as 
for rocks of recycled detrital origin’’'®"^'*. 

The Kerala Khondalite Belt (KKB), southern India 
(Figure 1) has been considered to be formed by the late 
Proterozoic to Cambrian Pan-African orogeny, but the 
exact age for the stage of the granulite facies metamor¬ 
phic event is still unclear. In order to clarify the time of 
the granulite facies event, we applied the CHIME 
method to dating of the monazite from a cordierite- 
bearing charnockite at Nellikkala in KKB. 

Geological setting 

The Nellikkala area, located near the historically famous 
Aranmula in the Pathanamthitta district of Kerala, forms 
the northern margin of the Achankovil shear zone which 
divides the massive charnockite terrain in the north from 



Figure 1. Location of Nellikkala adjacent to the Achankovil shear 
zone in southern Kerala. 
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the supracrustal sequence of KKB in the south. KKB is 
a metasedimentary terrain, consisting mainly of khon- 
dalites (garnet-sillimanite granulites), leptynites 
(garnet-biotite gneisses), charnockites (orthopyroxene¬ 
bearing anhydrous granulites), calc-silicates and pyrox¬ 
ene granulites^^. 

At Nellikkala, cordierite- and orthopyroxene-bearing 
‘incipient’ charnockites occur as veins and patches 
within garnet-biotite gneisses^^. This shows granulite 
formation along structurally-controlled zones. The sur¬ 
rounding gneisses show well-developed compositional 
banding with thin layers of garnet and biotite. The 
‘incipient’ charnockites at Nellikkala contain coarse¬ 
grained, bluish gem-quality cordierite along with garnet 
and coarse-grained orthopyroxene. The diagnostic as¬ 
semblage for the Nellikkala charnockites is cordierite, 
orthopyroxene, alkali feldspar, plagioclase and quartz 
with small amounts of biotite and garnet. The modal 
analysis indicates a marked increase in the amount of 
cordierite while passing from gneiss to charnockite. A 
substantial decrease in the amount of garnet from gneiss 
to charnockite suggests that the charnockite-forming 
reaction at Nellikkala involves the consumption of gar¬ 
net, On the basis of mineral phase equilibria, the P-T 
conditions for the charnockite assemblage show pressure 
in the range of 4.3-6 .6 kbar and temperature in the 
range of 620-820°C respectively^^. Important accesso¬ 
ries in the Nellikkala charnockites are monazite, zircon, 
magnetite, sphene and apatite. The monazite grains are 
0 . 2 - 0 .3 mm in size, and are generally euhedral to sub- 
hedral (Figure 2 ). 

Basis of CHIME age calculation 

Monazite, zircon and some other accessory minerals 
contain sizable amounts of Th and U. Natural Th con¬ 
sists mainly of radioactive isotope of ^^^Th, while natu¬ 
ral U consists of two radioactive isotopes of and 
These radioactive isotopes decay into lead; ^^^Th 
decays into ^°^Pb, into ^^'’'Pb, and into ^°^Pb. 
The number of ^^®Pb, ^^^Pb and ^^^Pb which accumulate 
in time t is given in terms of the presence of the atoms 
of ^^^Th, and in the present day. This is given 
as 


^ospb = 232^h{exp(22320“l} 

207pb^ 235u{exp(A235r)-l} 


Total Pb = Pbiniu^i + “®Pb + ^“'Pb + ""Pb 
~ Th{cXp(A232?) “ 1 } 

+ “'U{expa233r)-l} 


207t 


206t 


238 


U{exp(l2380- !}• 


Since ratio is 137.88 (ref. 28), the above 

equation can be written as 


Total Pb = Pbiniti,, 

+ ^^^Th{ exp (2,2320 ~ 1 } 

I ^Xp(A 2350 ^ - 

1 138.88 


The chemical Th-U-total Pb isochron method'”^ is as 
follows. An apparent age (0 is derived from each set of 
the UO 2 , Th 02 and PbO concentrations (wt%) by solv¬ 
ing the equation; 


PbO 


-^{exp(A2320-l} 

Wxh 


^ UO 2 f exp(223.<i0+137.8 8 exp(223sf) . 
Wu 1 138.88 


( 1 ) 


We assume Wpi, = 224 (208 - 1 - 16) for Th-rich minerals, 
Wpb = 222 (206 + 16) for U-rich minerals, Wth =264 
(232 + 32) and Wu = 270 (238 + 32). Taking the appar¬ 
ent age ( 0 , we convert the sum Th 02 and UO 2 into 
Th 02 * (Th-rich minerals or UO 2 * (U-rich minerals) by: 


ThOf = 
ThOi + 


U02Wn, 


Wu{exp(A2320-l) 
f exp(22350 +137.88 exp(22380 
1 139 


( 2 a) 




UO| = 

uo I 138.88 ThO2Wu{exp(22320-l} 

WTh{exp(A2350+137.88 exp(22380 -138.88} 

( 2 b) 

If cogenetic mineral grains and/or individual parts of a 
single mineral grain contain the same amounts of initial 
Pb but different amounts of Th and U, and have re¬ 
mained in a closed system, all analytical data can be 
plotted on a straight line with slope (m) and intercept 

ib), 


206pb^ 238u(exp(A238f)-l), 

where X symbolizes the decay constant of each isotope 
(A 232 = 4.9475 X -"/y, A 235 = 9.8485 x "'“/y and 

2238 = 1.55125 X "'°/y) (ref. 28). Monazite contains inti- 
tial Pb as well as radiogenic one: 


PbO = mTh 02 * + b (Th-rich minerals), (3a) 

PbO = mU 02 * + b (Tu-rich minerals). (3b) 

We determine the best-fit regression line by using the 
procedure proposed by York^^ taking into account the 
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Figure 2. Monazite grains from the sample of cordierite-bearing charnockite from Nellikkala. The analysed spot numbers 
are given beneath each grain. 


,,, _ expa235r) + 137.88expa,,,r) 

^Pb 138.77 ■ ^ ^ 

(U-rich minerals) 

We can subsequently obtain the second approximation by 
replacing the apparent ages (t) of eq. (2a) or (2b) with the 
first approximation age (7), and so on. The intercept (b) of 


16M70 


181-185 


uncertainties in the microprobe analyses, and calculate 
the first approximation of age (T) from the slope (m) of 
the regression line: 


In 1 + m—^ 


(Th-rich minerals) 
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the regression line is assumed to represent the concentration 
(wt%) of the initial PbO. Normally, a significant amount of 
initial Pb or Pb-loss, if any, would deviate the line from the 
origin, or result in scattering of data points. 

Sample preparation 

Monazite for the present study was separated from about 
2 kg of the charnockite samples collected from Nellik- 
kala. The samples were crushed with a jaw crusher and 
then sieved through 32 mesh while washing with water. 
After removal of light minerals with a wooden pan, 
heavy minerals were separated using the heavy liquid 
sodium polytungstide. The monazite grains were then 
hand-picked and mounted on a glass slide with epoxy 
resin and ground with 1000 and 3000 mesh AI 2 O 3 until 
they thinned approximately to 2/3 in thickness. Subse¬ 
quently, the grains were polished with diamond paste till 
they showed a very smooth surface in reflected light. 
The thin sections thus obtained were carbon coated and 
were then subjected to electron microprobe analysis. 

Electron microprobe analyses 

Monazite was analysed on a JEOL JXA-733 electron 
microprobe, equipped with three wavelength-dispersive 
type spectrometers (Rowland circle diameter = 280 mm) 
at Nagoya University. The conditions for operating the 
instrument were: 15 kV accelerating voltage, 0.25 pA 
probe current and 3-5 pm probe diameter. The M-lines 
were used in the Th, U and Pb analyses, because L-lines 
of these elements required a high accelerating potential 
and had too high energy to be differentiated as first- 
order radiation. The ThMa, UMp and PbMa lines gave 
satisfactory intensities (Figure 3). The inevitable inter¬ 
ferences by YLy and ThM^ on PbMa, and of ThMy on 
UMp had to be taken into consideration for calculations. 
These interferences were therefore corrected by the fol¬ 
lowing procedure. 

Net PbMa (sample) = measured PbMa (sample) 

PbMojposition YL^ 

- measured YLa (sample) -- 

YLa 

(Pb-free Y-bearing glass) 

PbMaPOsition ThMt 

- measured ThMa (sample) -^ 

ThMa 

(Pb-free Th-bearing glass). 

Net UMp (sample) = measured UMp (sample) 

UMoposition ThMy 

- measured ThMa (sample) -- 

ThMa 

(U-free Th-bearing glass). 


cps 





Figure 3. X-ray emission spectra around the ThMa, UMp and PbMa 
lines obtained through the pulse-height discriminator from a ca 
520 Ma monazite grain which contains 12.8 wt% Th02, 0.128 wt% 
UO 2 and 0.292 wt% PbO. Also shown is the YLy interference on the 
PbMa line. The ordinate represents X-ray intensity (cps) and the 
scale of abscissa represents the X-ray detection position (mm) of the 
JEOL spectrometer. 

The ThMa, UMp, PbMa and YLa lines only were 
measured with a PET crystal for 5 to 15 spots on the 
centre and margin of individual monazite grains. Com¬ 
parison standards are euxenite as provided by Smellie et 
for Th and U, and a synthesized glass (10.18% 
PbO, 47.15% Si 02 , 14.21% AI 2 O 3 , 8.99% MgO and 
19.58% CaO, analyst: K. Suzuki) for Pb. X-ray intensi¬ 
ties were integrated 200 s for the line and 100 s for 
backgrounds at two optimum positions on both sides of 
the lines. Raw intensity data was converted into con¬ 
centrations, using an analysis of natural monazite as the 
matrix composition (10.3% Th 02 , 0.08% UO 2 , 0.523% 
PbO, 0.90% Si02, 0.95% Y 2 O 3 , 11.2% La203, 
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Table 1. Microprobe analyses of Th02, UO 2 and PbO of monazite 
from cordierite-bearing charnockite from Nellikkala, southern India 


Analysis 

no. 

Grain 

no. 

ThOz 

(wt%) 

UO 2 

(wt%) 

PbO 

(wt%) 

Apparent 
age (Ma) 

ThOz* 

(wt%) 

1 

MOl-01 

12.5 

0.068 

0.286 

529 

12.7 

2 

MOl-02 

12.5 

0.060 

0.286 

531 

12.7 

3 

MO 1-03 

12.9 

0,071 

0.296 

528 

13.2 

4 

MO 1-04 

12.4 

0.058 

0.280 

520 

12.6 

5 

MO 1-05 

12.7 

0.068 

0.288 

524 

12.9 

6 

M02-01 

11.9 

0.065 

0.275 

532 

12.1 

7 

M02-02 

13.0 

0.072 

0.301 

533 

13.3 

8 

M02-03 

13.3 

0.081 

0.306 

529 

13.6 

9 

M02-04 

11.3 

0.056 

0.260 

531 

11.5 

10 

M02-05 

13.1 

0.075 

0.301 

530 

13.3 

11 

M03-01 

12.4 

0,058 

0.273 

512 

12.5 

12 

M03-02 

12.6 

0.071 

0.287 

525 

12.8 

13 

M03-03 

12.4 

0.080 

0.292 

540 

12.7 

14 

M03-04 

12.3 

0.050 

0.282 

529 

12.5 

15 

M03-05 

12.6 

0,092 

0.294 

534 

12.9 

16 

M04-01 

12.7 

0.084 

0.283 

511 

13.0 

17 

M04-02 

13,0 

0.102 

0.300 

528 

13.4 

18 

M04-03 

12.7 

0.084 

0.295 

534 

13.0 

19 

M04-04 

11.7 

0.076 

0.267 

525 

12.0 

20 

M04-05 

11.5 

0.074 

0.262 

526 

11.7 

21 

M04-06 

11.7 

0.079 

0.269 

529 

11.9 

22 

M04-07 

12.8 

0.090 

0.288 

518 

13,1 

23 

M04-08 

11.6 

0.074 

0.268 

532 

11.8 

24 

M04-09 

12,2 

0.067 

0.274 

519 

12.4 

25 

M04-10 

11.8 

0.059 

0.265 

521 

11.9 

26 

M05-01 

12.2 

0.074 

0.280 

527 

12.5 

27 

M05-02 

12,0 

0.056 

0.265 

512 

12.2 

28 

M05-03 

11.7 

0.070 

0.271 

533 

11.9 

29 

M05-04 

12.1 

0.050 

0.275 

527 

12.2 

30 

M05-05 

11.8 

0.074 

0.262 

510 

12.1 

31 

M06-01 

13.0 

0.082 

0.297 

526 

13.2 

32 

M06-02 

13.3 

0.088 

0.309 

533 

13.6 

33 

M06-03 

11.4 

0.072 

0.269 

543 

11.6 

34 

M06-04 

11.4 

0.075 

0.259 

524 

11.6 

35 

M06-05 

12.2 

0.092 

0.278 

523 

12.5 

36 

M07-01 

11.5 

0.074 

0.264 

528 

11.7 

37 

M07-02 

12.3 

0.081 

0.286 

532 

12.6 

38 

M07-03 

13.4 

0.079 

0.311 

533 

13.7 

39 

M07-04 

13.7 

0.079 

0.318 

536 

13.9 

40 

M07-05 

13.0 

0.078 

0.288 

512 

13.2 

41 

M08-01 

11.2 

0.066 

0.258 

531 

11.4 

42 

M08-02 

12.4 

0.072 

0.287 

533 

12.6 

43 

M08-03 

11.4 

0.088 

0.264 

531 

11.7 

44 

M08-04 

11.0 

0.057 

0.256 

538 

11.2 

45 

M08-05 

10.9 

0.073 

0.248 

522 

11.1 

46 

M09-01 

10.4 

0,092 

0.235 

517 

10.7 

47 

M09-02 

11.4 

0.062 

0.263 

533 

11.6 

48 

M09-03 

10.8 

0.101 

0.248 

526 

11.1 

49 

M09-04 

10.5 

0.078 

0.244 

535 

10,7 

50 

M09-05 

10.7 

0.091 

0.241 

517 

11.0 

51 

M09-06 

10.5 

0.083 

0.241 

524 

10.8 

52 

M09-07 

9.49 

0.047 

0.220 

534 

9.65 

53 

M09-08 

9.70 

0.052 

0.223 

531' 

9.87 

54 

M09-09 

10.9 

0.070 

0.253 

531 

11.2 

55 

M09-10 

11.0 

0.071 

0.256 

533 

11.3 

56 

MlO-01 

10.9 

0.100 

0.257 

536 

11.3 

57 

Ml 0-02 

10.9 

0.094 

0.248 

518 

11.2 

58 

Ml 0-03 

11.1 

0.073 

0.253 

525 

11.3 

59 

MlO-04 

12.3 

0.068 

0.285 

534 

12.6 

60 

Ml 0-05 

12,8 

0.046 

0.290 

525 

13.0 

61 

Mll-01 

11.4 

0.079 

0.253 

511 

11.6 


Contd... 


Contd... 


Analysis Grain 

no. no. 

ThOz 

(wt%) 

UOz 

(wt%) 

PbO Apparent 
(wt%) age (Ma) 

ThOz* 

(wt%) 

62 

Ml 1-02 

11.3 

0.074 

0.257 

525 

11.5 

63 

Ml 1-03 

11.8 

0.065 

0.268 

524 

12.0 

64 

Ml 1-04 

11.8 

0.081 

0.269 

525 

12.1 

65 

Ml 1-05 

11.8 

0.070 

0,279 

544 

12.0 

66 

M12-01 

12.1 

0.062 

0.280 

533 

12.3 

67 

Ml 2-02 

11.6 

0.075 

0.267 

529 

11,8 

68 

Ml 2-03 

11.6 

0.074 

0.267 

527 

11.9 

69 

Ml 2-04 

11.6 

0.068 

0.270 

534 

11.9 

70 

Ml 2-05 

12.6 

0.052 

0.288 

529 

12.8 

71 

M13-01 

13.4 

0.048 

0.303 

524 

13.6 

72 

M13-02 

12.9 

0.065 

0.298 

532 

13.1 

73 

M13-03 

13.3 

0.060 

0.301 

524 

13.5 

74 

M13-04 

12.8 

0,073 

0.295 

531 

13.1 

75 

M13-05 

13.5 

0.065 

0.311 

533 

13.7 

76 

M13-06 

13.2 

0.068 

0.302 

530 

13.4 

77 

Ml 3-07 

12.5 

0.082 

0.284 

524 

12.7 

78 

M13-08 

13.5 

0.074 

0.307 

526 

13.7 

79 

M13-09 

11.5 

0.072 

0.261 

524 

11.7 

80 

M13-10 

12.6 

0.056 

0.283 

520 

12.8 

81 

M14-01 

12.1 

0.059 

0.271 

518 

12.3 

82 

Ml 4-02 

13.1 

0.063 

0.301 

529 

13.4 

83 

M14-03 

11.8 

0.056 

0.268 

524 

12.0 

84 

Ml 4-04 

12.3 

0.065 

0.282 

531 

12.5 

85 

Ml 4-05 

12.0 

0.069 

0.274 

527 

12.2 

86 

M15-01 

11.9 

0.049 

0.270 

524 

12.1 

87 

Ml 5-02 

13.8 

0.070 

0.314 

526 

14.0 

88 

M15-03 

15.0 

0.061 

0.343 

529 

15.2 

89 

M15-04 

14.9 

0.062 

0,338 

524 

15.2 

90 

M15-05 

14.4 

0.054 

0.329 

529 

14.6 

91 

M15-06 

14.4 

0.060 

0.328 

529 

14.6 

92 

M15-07 

14.1 

0.064 

0.327 

536 

14.3 

93 

M15-08 

13.1 

0.056 

0.298 

528 

13.2 

94 

M15-09 

13.5 

0.060 

0.303 

520 

13.7 

95 

M15-10 

13.5 

0.062 

0.304 

523 

13.7 

96 

M16-01 

11.8 

0.064 

0.274 

536 

12.0 

97 

M16-02 

11.3 

0.058 

0.261 

532 

11.5 

98 

Ml 6-03 

11.7 

0.068 

0.268 

527 

11.9 

99 

M16-04 

11.5 

0.079 

0.262 

524 

11.8 

100 

M16-05 

11.4 

0.061 

0.261 

526 

11.6 

101 

M17-01 

10.3 

0.083 

0.238 

529 

10.6 

102 

Ml 7-02 

10.5 

0.090 

0.241 

523 

10.8 

103 

M17-03 

10.3 

0.087 

0.237 

524 

10.6 

104 

M17-04 

10.3 

0.080 

0.245 

543 

10.6 

105 

M17-05 

10.6 

0.073 

0.240 

521 

10.8 

106 

M17-06 

10.1 

0.090 

0.235 

531 

10.4 

107 

M17-07 

10.2 

0.097 

0.233 

522 

10.5 

108 

M17-08 

10.3 

0,080 

0.237 

528 

10,5 

109 

M17-09 

10.1 

0.074 

0.235 

533 

10.3 

no 

M17-10 

10.3 

0.100 

0.238 

525 

10.6 

111 

M18-01 

13.4 

0.054 

0.305 

529 

13.5 

112 

M18-02 

13.4 

0.044 

0.304 

526 

13.6 

113 

M18-03 

13.4 

0.044 

0.299 

518 

13.6 

114 

Ml 8-04 

13.4 

0.042 

0.309 

537 

13.5 

115 

Ml 8-05 

13.0 

0.052 

0.295 

527 

13.1 

116 

M18-06 

13.4 

0.046 

0.303 

525 

13.6 

117 

Ml 8-07 

13.4 

0.054 

0.305 

529 

13.5 

118 

M18-08 

13.2 

0,070 

0.301 

528 

13.4 

119 

M18-09 

13.3 

0.052 

0.301 

525 

13.5 

120 

M18-10 

13.3 

0.051 

0.304 

531 

13.5 

121 

M19-01 

11.2 

0,067 

0.257 

526 

11.5 

122 

M19-02 

11.1 

0.087 

0.256 

528 

11.4 

123 

M19-03 

11.5 

0.095 

0.264 

523 

11.8 


Canid,.. 
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Contd... 


Analysis Grain 

no. no. 

Th02 

(wt%) 

UO 2 

(wt%) 

PbO Apparent 
(wt%) age (Ma) 

ThOa* 

(wt%) 

124 

Ml 9-04 

11.2 

0.069 

0.257 

529 

11.4 

125 

Ml 9-05 

11.4 

0.097 

0.261 

524 

11.7 

126 

M19-06 

11.3 

0.098 

0.257 

521 

11.6 

127 

M19-07 

11.6 

0.099 

0.268 

530 

11.9 

128 

M19-08 

10.9 

0.064 

0.250 

530 

11.1 

129 

M19-09 

10.7 

0,102 

0.247 

526 

11.1 

130 

M19-10 

11.2 

0.102 

0.253 

516 

11.5 

131 

M20-0I 

12.2 

0.035 

0.279 

532 

12.3 

132 

M20-02 

11.9 

0.037 

0.271 

529 

12.0 

133 

M20-03 

11.3 

0.089 

0.261 

528 

11.6 

134 

M20-04 

11.6 

0.050 

0.268 

536 

11.7 

135 

M20-05 

11.5 

0.056 

0.262 

526 

11.7 

136 

M21-01 

10.6 

0.109 

0.246 

528 

10.9 

137 

M21-02 

10,6 

0.092 

0.245 

528 

10.9 

138 

M21-03 

10.9 

0.036 

0.246 

523 

11.1 

139 

M21-04 

10.4 

0.093 

0.242 

532 

10.7 

140 

M21-05 

10.4 

0.093 

0.242 

532 

10.7 

141 

M21-06 

10.4 

0.089 

0,241 

532 

10,7 

142 

M21-07 

11.0 

0.066 

0.248 

521 

11.2 

143 

M21-08 

11.0 

0.048 

0.250 

525 

11.2 

144 

M21-09 

11.1 

0.058 

0.254 

530 

11.2 

145 

M21-10 

10.9 

0.053 

0.244 

517 

11.1 

146 

M22-01 

10.2 

0.074 

0.236 

532 

10.4 

147 

M22-02 

10.1 

0.065 

0.233 

529 

10.3 

148 

M22-03 

10.2 

0.057 

0.238 

538 

10.4 

149 

M22-04 

10,9 

0.062 

0.247 

521 

11.1 

150 

M22-05 

10.6 

0.068 

0.240 

521 

10.8 

151 

M22-06 

10.9 

0.051 

0.248 

526 

11.1 

152 

M22-07 

10.9 

0.063 

0.250 

526 

11.2 

153 

M22-08 

10.9 

0.058 

0.249 

527 

11.1 

154 

M22-09 

10.6 

0.064 

0.240 

522 

10.8 

155 

M22-10 

10.7 

0.069 

0.245 

527 

10.9 

156 

M22-11 

10.5 

0.080 

0.243 

532 

10.7 

157 

M22-12 

10,5 

0.061 

0.239 

527 

10.7 

158 

M22-13 

10.2 

0.074 

0.233 

523 

10.5 

159 

M22-14 

10.7 

0.045 

0.247 

535 

10.8 

160 

M22-15 

10.5 

0.064 

0.239 

525 

10.7 

161 

M23-01 

11.4 

0.071 

0.265 

533 

11.7 

162 

M23-02 

12.6 

0.070 

0.286 

524 

12.8 

163 

M23-03 

11.5 

0.071 

0.266 

531 

11.8 

164 

M23-04 

12.2 

0.071 

0.278 

526 

12.4 

165 

M23-05 

10.9 

0.075 

0.252 

532 

11.1 

166 

M23-06 

10.8 

0.094 

0.249 

526 

11.1 

167 

M23-07 

12.1 

0.084 

0.277 

527 

12.4 

168 

M23-08 

11.4 

0.077 

0.262 

529 

11.6 

169 

M23-09 

11.2 

0.081 

0.257 

528 

11.4 

170 

M23-10 

10.7 

0.060 

0.246 

529 

10.9 

171 

M24-01 

11.0 

0.074 

0.249 

522 

11.2 

172 

M24-02 

10.9 

0.077 

0.251 

526 

11.2 

173 

M24-03 

11.1 

0.071 

0.256 

531 

11.3 

174 

M24-04 

11.3 

0.049 

0.258 

529 

11.5 

175 

M24-05 

11.2 

0,061 

0.255 

525 

11.4 

176 

M25-01 

11.6 

0.054 

0.265 

529 

11.8 

177 

M25-02 

12.8 

0.058 

0.295 

533 

13.0 

178 

M25-03 

12.9 

0.067 

0.295 

528 

13.1 

179 

M25-04 

12.2 

0.053 

0.284 

537 

12.4 

180 

M25-05 

12.9 

0.056 

0.294 

529 

13.0 

181 

M25-06 

11.8 

0.061 

0.270 

530 

12.0 

182 

M25-07 

11.6 

0.063 

0.262 

520 

11.8 

183 

M25-08 

12.5 

0.045 

0.284 

527 

12.6 

184 

M25-09 

11.6 

0.043 

0.265 

529 

11.7 

185 

M25-10 

12.9 

0.056 

0.297 

532 

13.1 


27.4% CezOs, 2.68% PrjOs, 12.0% NdjOs, 2.12% 
SmjOa. 0.705% GdaOs, 0.16% TbaOj, 0.21% DyzOa, 
1.29% CaO and 28.6% P 2 O 5 ). The small difference in 
the matrix composition barely affects the ThOa, UO 2 and 
PbO determinations; the maximum error in this calcula¬ 
tion, about 1 % of the concentrations, is less than uncer¬ 
tainty in the X-ray counting. The detection limits of 
ThOa, UO 2 and PbO at 2 confidence levels are 0.017, 
0.01 and 0.007 wt%, respectively. The possible maxi¬ 
mum errors in the determination of ThOa, UO 2 and PbO 
are about 14% for 0.1 wt%, 5% for 1 wt% and 2% for 
5 wt% of the concentrations. 

Results and discussion 

Analytical results of ThOa, UO 2 and PbO for 185 spots 
on 25 monazite grains are given in Table 1 , together 
with apparent ages calculated using equation ( 1 ) and 
ThOa* is calculated using equation ( 2 a). The ThOa con¬ 
centration ranges from 9.49 to 15.0 wt%, but individual 
grains show limited variations in the concentration of 
ThOa. The UO 2 concentration ranges from 0.035 to 
0 . 102 , with two exceptionally high UO 2 values of 0.835 
and 0.765 wt% in M23 grain. The PbO concentration 
ranges from 0.220 to 0.343 wt%. Despite the large 
variations in the ThOa, UO 2 and PbO concentrations, the 
apparent ages are uniform, and fall within the range 510 
to 544 Ma. 

Analytical data of monazite were plotted on the PbO 
vs. ThOa* diagram (the measured ThOa plus ThOa 
equivalent to the measured UO2, Figure 4). Data points 
are arrayed linearly, and are regressed with a single iso¬ 
chron of 527 + 10 Ma (m = 0.0224 ± 0.0004, 
MSWD = 0.13) with an intercept value (b) of 
0.0004 + 0.0050. 

The 527 + 10 Ma CHIME monazite age accords well 
with the previously reported ages for the Nellikkala 
charnockite. Santosh et al?^ reported a Sm-Nd mineral- 
whole rock isochron age of 539 ± 41 Ma and Rb-Sr iso¬ 
chron age of 505 ±41 Ma. The textural evidence sug¬ 
gests that monazite grains were formed simultaneously 
with cordierite and orthopyroxene in the cordierite- 
bearing charnockite samples. The 527 ± 10 Ma monazite 
age, therefore, dates the time of the granulite-facies 
metamorphism, and is comparable with the Pan-African 
ages^^’^^ so far reported for the South Indian granulites. 
This study confirms the previous view that the Cambrian 
Pan-African tectonothermal event, characterized by 
granulite facies metamorphism, was widespread in the 
East Gondwanaland continental assembly^”^. 

Thus, the CHIME method provides reliable geochro- 
nological information. This method has advantage of 
providing high-spatial resolution and is non-destructive. 
Using this method, we can obtain subgrain ages of tiny 
monazite and other Th- and U-bearing accessory miner- 
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Figure 4. PbO vs Th02* plots of analytical data for monazite grains 
from the sample of cordierite-bearing charnockite from Nellikkala, 
Error bars in the figure represent maximum analytical uncertainty at 
2a, and the error given to the age is of 2a. 


als, and can confirm the age data by repeated analyses. 
Another advantage is that the CHIME method yields age 
data much faster than the conventional isotopic dating. 
Many age data are indispensable for understanding the 
history of crustal evolution of the deep continental seg¬ 
ment in southern India as well as in the continental jux¬ 
taposition models for evaluating the birth and evolution 
of Gondwanaland. The CHIME method, therefore, ap¬ 
pears to be suitable for dating the various geological 
events in the South Indian granulite terrain. 
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Molecular basis of extended longevity in selected 
Drosophila strains 
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We review the data which led us to conclude that the 
antioxidant defense system (ADS) is responsible for 
the extended longevity of our La strain of Drosophila 
melanogaster, A synthetic wild caught strain was ini¬ 
tially subjected to indirect selection for extended 
longevity. The response was rapid, yielding ca. 40% 
increases in mean and maximum lifespan by the F22 
generation. Theory testing showed that the rate of 
living theory as classically described did not apply to 
our animals. So we used biomarker analysis to iden¬ 
tify the critical age at which the extended longevity 
phenotype is first expressed; the initial delay in the 
onset of senescence takes place early, at day 5 of 
adult life. The first biomarker differentially affected 
in the long lived and control strains was paraquat 
resistance. This suggests that resistance to oxidative 
stress might be an operative mechanism. Paraquat 
resistance was found to be the only biomarker ro¬ 
bustly associated with extended longevity in a num¬ 
ber of different strains. Measurement of the ADS 
gene mRNA prevalence showed that the long-lived 
strains show a differential up-regulation of several 
ADS genes beginning at day 5 of adult life. These 
changes in mRNA prevalence are accompanied by 
significant increases in ADS enzyme activities. This 
differential gene expression continues throughout the 
lifespan. Long-lived animals subjected to reverse se¬ 
lection for longevity show corresponding decreases 
to control levels in their ADS gene expression pat¬ 
terns. These data suggest that the ADS genes proba¬ 
bly play an important and possibly causal role in the 
expression of extended longevity. Regulatory mu¬ 
tants which specifically alter ADS gene expression 
also alter longevity. Possible interactions of the ADS 
with the organism’s other defense systems are dis¬ 
cussed. 


In 1985, Francois Jacob asked why, when organisms 
possessed a marvelously complex process which reliably 
guided their development from a single cell to a func¬ 
tional adult, the adult forms should not be able to simply 
maintain the structures they had so laboriously con¬ 
structed but instead underwent the degenerative proc¬ 
esses of aging and senescence\ The work done in 
response to this ‘simple’ question has progressed to the 


E-mail: rarking@biology.biosci.wayne.edu 


point where we may now see the outlines of the answer: 
Organisms age because there is no evolutionary reason 
for them to maintain their stress defense and repair 
mechanisms once their reproductive period is nearly 
over^. But knowing the ultimate cause of aging does not 
necessarily address the proximate causes^, and it is to¬ 
wards the ‘how’ of aging that we shall devote the re¬ 
mainder of our attention. 

Many laboratory manipulations can lead to significant 
lifespan extension'^’'\ All of these extended longevity 
phenotypes are associated with an increased resistance 
to various environmental stresses. Parsons^ pointed out 
that evolutionary considerations predict that selection 
for stress resistance should always be accompanied by 
changes in longevity. Evolutionary theory predicts the 
existence of multiple proximal aging mechanisms^, yet it 
is clear that all of the laboratory models described to 
date involve some form of stress resistance. The varia¬ 
tion resides in the type of stress resistance mechanism 
employed by each of these different model systems. 

In this review of the molecular biology of aging 
mechanisms in our selected strains of Drosophila 
melanogaster, we will first review the data which has 
led us to regard the antioxidant defense mechanisms as 
being responsible for the extended longevity character¬ 
istic of our long-lived strains. Independently derived 
long-lived strains generated by other laboratories 
probably rely on other mechanisms^. We will then dis¬ 
cuss some more recent information which delineates the 
interactions of the antioxidant defense system (ADS) 
with other aspects of the animal’s phenotype. 

Selection 

We decided to use artificial selection to generate long- 
lived strains of flies, with the eventual goal of compar¬ 
ing them to their normal-lived progenitor strains in or¬ 
der to deduce which processes had been significantly 
altered and, therefore, might play an important role in 
the expression of the extended longevity phenotype. We 
chose to use freshly caught wild strains, not inbred labo¬ 
ratory strains, as the progenitors of our long-lived 
strains. As a matter of convenience, our selection regime 
was based on a direct selection for delayed female fe¬ 
cundity coupled with an indirect selection for extended 
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longevity^. Selection was rapidly successful, significant 
increases in longevity being noted by the F9 and 40- 
50% increases in both mean and maximum lifespan ob¬ 
served by the F22 (refs 9, 10). It should be noted that 
the normal-lived progenitor R strains were maintained 
under conditions such that they were not subjected to 
selection^; thus their lifespan has remained more or less 
constant^^ It is our practice to compare the long-lived L 
strains only to the normal-lived R strains. Other labora¬ 
tories compare the L strains to their strains selected for 
short life. This latter practice is valid only if one as¬ 
sumes that the processes involved in extended longevity 
are identical to but opposite in sign to those involved in 
shortened longevity. We have reason to believe that this 
assumption is not correct; hence we compare only the 
selected strain to the control strain. 

Theory testing and biomarkers 

Having generated long-lived strains, we began to use 
them in comparative studies designed to uncover the 
important processes involved. This process also allowed 
us to do critical theory testing, since we could now test 
the predictions of classic theories of aging in a quantita¬ 
tive manner. It was this motivation which led us to 
measure the lifetime age-specific metabolic rates of the 
R and L strains under a variety of ambient tempera- 
tures'^. We concluded that the long life of the L strain 
was not due to a significantly lowered metabolic rate 
relative to the R strain, and those experiments led us to 
conclude that the rate of living theory as classically de¬ 
scribed did not apply to our animals^^’^^ The ability to 
critically test theories justified in our minds the efforts 
we expended in generating the selected strains in the 
first place. 

This result still left us with the task of determining 
first, if the L strain’s extended longevity was due to a 
slower aging rate, a delayed onset of senescence, or to 
some other process; and, secondly, what types of 
mechanisms were actually involved. We chose to answer 
the first part of the question by measuring the animals’ 
age-specific loss of performance in several unrelated, 
and therefore, presumably independent processesWe 
concluded that the L strain animals lived long because 
of a delayed onset of senescence, and that this delayed 
onset was tightly coupled to events that began at about 
day 5-7 of adult life. Furthermore, although we did not 
know the nature of this event, we had logical grounds to 
suspect that it probably involved resistance to oxidative 
stress since the first biomarker which was differentially 
affected in the two strains was that of paraquat (PQ) 
resistance. This bipyridyl herbicide generates free radi¬ 
cals in the cell and is used as an index of resistance of 
oxidative stressThe precision of this conclusion from 
the biomarker data, which allowed us to identify both 
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the timing and the process, justified the use of the bio¬ 
marker approach as opposed to a random casting about 
for plausible causes, most of which might not be actu¬ 
ally affected in these flies. 

Genetic studies: Chromosome localization 

We then wanted to move from a strain-based analysis to 
a gene-based analysis. The first step in this process was 
to perform a controlled chromosome replacement study- 
in which we constructed 27 isochromosomal lines gen¬ 
erated from the 1st, 2nd and 3rd chromosomes (cl, c2, 
c3) of the R and L strains. The longevity of each geneo- 
type and sex was measured. The analysis of this and 
other data led us to the following conclusions^*^. First, 
the genes essential to the expression of the extended 
longevity phenotype are located only on the L strain c3 
and map somewhere to the left of ebony (i.e., on c3L 
and the proximal portion of c3R). Second, these genes 
are recessive. Third, there exists a complex pattern of 
epistasis such that the longevity enhancing genes on c3 
are repressed by (unknown) genes on c2, which can 
themselves be repressed by (unknown) genes on cl. 
Thus, the c3 genes can be expressed either in the mutual 
presence of L-type cl and c2, or in the absence of the L- 
type c2. The existence of c2 regulatory genes has been 
verified by Graf and Ayala^^ Bewley and Laurie- 
Ahlberg^^ and our recent mutant work described below. 
Fourth, larval density can also modulate the c3 gene 
expression, the critical period for its application being 
from 60 to 120 h after egg lying*^’^*^. 

Recent work (Arking, unpublished) has shown that the 
larval density effect can be removed without any effect 
on the extended longevity phenotype. Selection on 
acidic media allowed us to generate constitutive long- 
lived L lines with phenotypes essentially identical to 
that of the original inducible lines. This observation 
suggests that the density effect is not essential for ex¬ 
tended longevity. All our recent genetic work is based 
on these constitutive lines and not on inducible lines. 

The regulatory circuits derived from these studies are 
shown in Figure 1. 


Genetic studies: Differential gene expression 

Knowing that PQ resistance was the earliest biomarker 
altered in the L strain suggested that it might play a 
causal role in the expression of the extended longevity 
phenotype (ELP)^"^. This supposition was strengthened 
by the finding that PQ resistance was the only biomarker 
which was robustly correlated with ELP in each of our 
several long-lived strains (Figure 2 and Table 1). We 
interpreted these findings as strongly supporting the ex¬ 
istence of a mechanism imparting early adult resistance 
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Figure 1. A summary of the chromosomal and environmental inter¬ 
actions involved in the expression of the extended longevity pheno¬ 
type. Loci on the L-type cl (clL) and c2 (c2L) interact with c3L, 
both positively (cl) and negatively (c2), respectively, such that cl 
represses c2, which in turn, represses c3. The recessive genes on c3L 
are absolutely required for the expression of the delayed onset of 
senescence and the extended longevity phenotype, both of which may 
be fully expressed in the mutual presence and mutual absence of clL 
and c2L. The positive and negative roles of larval density are indi¬ 
cated by HD (high density) and LD (low density); their roles are now 
known to be non-essential as indicated in the figure. Based on data 
presented in refs 16, 20 and 32, as well as the current text. 


Survival curves @ 6 days, 
10 mm paraquat 



0 10 20 30 40 50 60 70 80 90 


Hours 

Figure 2. The paraquat resistance of nine different longevity lines, 
expressed as a survival curve of animals subjected to 10 mM PQ 
under standard conditions. The data are based on the testing of 50- 
100 animals per strain. The L/2L long-lived animals have signifi¬ 
cantly different survival curves than do the shorter-lived R, M, or 2E 
strains as determined by the Kolgomorov-Smirnov test. The L and 
2L strains do not differ from each other, nor do the R, M, and 2E 
strains differ from one another. The descriptions of the different 
strains are given in ref. 24, from which this figure is taken with 
permission. 


Table 1. Values of lipid, glycogen, desiccation and paraquat resis¬ 
tance expressed relative to controls* 


Strain 

Lipid 

content 

Glycogen 

content 

Desiccation 

resistance 

Paraquat 

resistance 

Ra 

1.000 

1.000 

1.000 

1.000 

2Ea 

0.939 

1.322 

0.829 

1.062 

Ma 

0.826 

1.289 

1.091 

1.198 

2La 

0.588 

1.861 

1.064 

2.000 

La 

0.667 

1.816 

1.059 

2.176 

Rb 

1.000 

1.000 

1.000 

1.000 

2Eb 

1.012 

1.376 

1.089 

nd 

Mb 

0.789 

1.281 

1.146 

1.395 

2Lb 

0.696 

2.089 

1.306 - 

2.395 

Lb 

0.682 

1.300 

1.350 

2.549 


*The data are taken from Table 7 of reference 24. Each value repre¬ 
sents pq lipid or pg glycogen/mg wet weight, or the mean survival 
time (h) for desiccation or paraquat resistance for each strain ex¬ 
pressed relative to the value for the Ra or Rb progenitor strain, as 
appropriate. Note that the only consistent and significant relative 
increases associated with extended longevity are those connected 
with paraquat resistance. 

to oxidative stress as an integral part of the processes 
leading to the expression of the ELP. 

Direct evidence to support these statements was ob¬ 
tained by measurement of the mRNA prevalence of a 
number of different known antioxidant genes^^ The data 
(Figure 3) show that, in the 5-day-old adults, there is a 
significant increase in the prevalence of mRNA of three 
of the four ADS genes examined (the GST values are 
borderline significant) in the L strain relative to the R 
strain controls. In addition, there are significant relative 
increases in ADS enzyme activities in the L strain as 
well. No such significant changes were observed in the 
expression patterns of non-ADS genes used as controls 
(Figure 3). Incidentally, all of the ADS genes examined 
(Figure 3) are located on c3 within the region to the left 
of ebony, as previously specified by our earlier mapping 
experiments mentioned above. 

We have recently examined the patterns of ADS gene 
expression throughout the adult life span of both our La 
and Lb long-lived strains^^’^^. These two strains are rep¬ 
licate sister strains, each derived from an aliquot of the 
original R strain^. Two points are quite clear in the data 
of Figure 4. First, the enhanced expression of ADS 
genes noted in the early La adult^^ continues throughout 
adult life such that the CuZnSOD (copper—zinc superox¬ 
ide dismutase) mRNA levels peak at about day 30 and 
remain at a substantial excess relative to their Ra pro¬ 
genitor control values. Second, the La and Lb strains 
have strikingly different patterns of CuZnSOD mRNA 
prevalence relative to their Rb progenitor control val¬ 
ues. The La animals show a peak value of CuZnSOD 
mRNA in midlife at about 30 days and thereafter, while 
the Lb animals show a late life peak at 60 days in their 
CuZnSOD prevalence. In absolute terms, the Lb animals 
have higher CuZnSOD values than do the La animals, 
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SOD CAT GST XDH SOD CAT GST ADH* HAY 
ADS mRNAs ADS Enzyme Non-ADS 


Activities mRNAs 

Figure 3. A summary of the data on ADS gene expression in five- 
day-old Ra and La adults as presented in ref. 21. That age was used 
since the bioraarker data (see text) suggested that the event(s) asso¬ 
ciated with a delayed onset of senescence began at this time. The 
CuZnSOD (SOD), catalase (CAT), glutathione-S-transferase (GST), 
and xanthine dehydrogenase (XDH) are examples of ADS genes; the 
alcohol dehydrogenase (ADH) and haywire (HAY) are examples of 
non-ADS genes used as internal controls. The data are expressed as 
mRNA prevalence units probed RNA/units rRNA, or units enzyme 
activity/minute/|ig protein, as appropriate, for the La relative to the 
Ra values. Note the difference in expression between the ADS and 
non-ADS genes. 

but the difference in the relative data comes about be¬ 
cause the Rb animals have substantially higher CuZn¬ 
SOD prevalence values than do the Ra controls. In 
retrospect, the three to four generation long adaptation 
of the original R strain population to laboratory culture 
was probably sufficient to bring about significant differ¬ 
ences in gene frequency between the supposedly 
‘identical’ replicate Ra and Rb strains. The data for 
catalase and for manganese-SOD follow the same pat¬ 
tern as described above. 

This unexpected situation suggests that replicate 
strains with statistically identical longevity phenotypes 
may have non-identical molecular phenotypes, a phe¬ 
nomenon we have discussed previously^"^. Hence averag¬ 
ing data across replicates may in fact obscure the very 
information we are trying to discern. It also suggests 
that other antioxidant factors may be operative during 
the early life period of the long-lived Lb strain animals, 
since these animals have low ADS levels during the 
early life period when it is in fact robust and resistant to 
oxidative stress (Figure 2). 

No consistent changes in ADS gene expression were 
observed during the larval or pupal stages, thereby rein¬ 
forcing the idea that the developmental stages do not 
have a direct relationship to adult longevity^^ 

In addition to this direct evidence of coordinately up- 
regulated strain-specific patterns of ADS gene expres¬ 
sion in our long lived strains, we have obtained some 
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The La and Lb strains have different 
patients of CuZnSOD gene expression 



Figure 4, The CuZnSOD mRNA prevalence patterns throughout the 
adult lifespan of the La and Lb strains are presented relative to the 
value of their progenitor Ra or Rb strain, respectively. Note the ob¬ 
vious differences between the two sister strains. See text for further 
discussion. Taken from data presented in refs 22 and 23. • 


Table 2. Change in ADS and non-ADS levels as a result of forward 
and reverse selection* 


Strain 

Mean longevity 
(days) 

Non-ADS 
enzyme, relative 
level, day 5 

ADS (CuZnSOD) 
mRNA 

levels, day 30 

R 

43.2 

1.00 

1.000 

L 

70.2 

1.06 

3.006 

Rev-L 

53 

0.94 

0.466 

Mean change 

+ 6%, - 9 % 

-1-200%, -85% 


*The data are taken from ref. 23. The non-ADS values represent the 
mean enzyme activity/jig protein for 16 enzymes associated with 
carbohydrate metabolism in the 5-day-old L strains (forward selec¬ 
tion) or the Rev-L strains (reverse selection), each expressed relative 
to the value of these enzymes in the progenitor R strains. The ADS 
mRNA represents the mean CuZnSOD units/rRNA units for each 
strain at day 30 (age of peak value), again expressed relative to the 
value of the R strain, ADS, antioxidant defense system. 

data indicating that the L strain animals have lower lev¬ 
els of oxidative damage relative to their controls^^’^^. 
Thus, there seems to be a close correlation between en¬ 
hanced resistance to oxidative stress, lower levels of 
oxidative damage, and increased longevity, as predicted 
by the oxidative stress theory of aging^’^^. 

It seemed to us that evidence of a causal, or at least an 
important, role of the ADS genes in bringing about the 
expression of the ELP could be obtained via properly 
constructed selection experiments. Our original selec¬ 
tion experiment involved the generation of the L strains 
from their corresponding R strains and yielded evidence 
for the involvement of the ADS as noted here. This, of 
course, constitutes correlative data. We decided to 
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complete the circle of logic by reverse selecting L strain 
animals for short life and assaying the resulting shorter- 
lived Rev-L strain animals for ADS activity. Our pre¬ 
diction was that such animals should have a significantly 
decreased level of ADS activity. The net result of such 
forward (R“-^L) and reverse (L->Rev-L) selection 
should be large changes in the levels of molecules coded 
by genes that are causally involved in the expression of 
longevity in these strains, as compared with modest 
changes in the levels of molecules coded by genes that 
are not causally involved in this process. The actual data 
(Table 2) supports this prediction: a heterogeneous 
group of 16 enzymes catalysing various steps of the gly¬ 
colytic and citric acid cycles show a modest 6 to 9% 
change as a function of selection while the level of 
CuZnSOD mRNA shows directional changes of an order 
of magnitude larger^^’^'\ We suggest that these data sup¬ 
port our contention that the ADS genes and their gene 
products play an important and probably causal role in 
the expression of longevity in these strains. In the ab¬ 
sence of explicit evidence, these findings cannot be gen¬ 
eralized to the species as a whole since selected long- 
lived strains generated by other laboratories appear to 
depend on other, non-ADS, mechanisms^ This strongly 
suggests that independently derived strains may have 
different molecular mechanisms that give rise to the 
same longevity phenotype"^’^. 

Genetic studies: Mutant analysis 

We decided to use mutational methods to identify the 
unknown genes on c2 which regulated the activity of the 
c3 ADS genes and presumably affected the expression 
of the ELP (Figure 1). We adopted an indirect approach 
in which we generated homozygous single-shot P- 
element mutants on the c2 chromosome of the La strain, 
exposed them to PQ under our standard conditions, and 
retained only those mutants which altered the PQ resis¬ 
tance by ±3 standard deviations from the mean values 
characteristic of the La strain. These extreme mutants 
were then assayed for their levels of CuZnSOD and 
catalase activity, and only those which significantly al¬ 
tered the ADS enzyme activity in the direction predicted 
by the mutant's performance on the PQ test were re¬ 
tained for future study. Thus we did not select for mu¬ 
tants affecting longevity directly but rather we screened 
directly for mutants affecting resistance to oxidative 
stress and ADS gene expression levels, and thus with an 
indirect effect on longevity. These studies are still in 
progress, but we expect that the four PQ resistant and 
twelve PQ sensitive mutants we have isolated will prove 
to be interesting in their own right as well as serving as 
an entry into the genetic analysis of the system regulat¬ 
ing ADS gene expression and thereby longevity. In the 
meantime, however, it is reasonable to suggest that the 


existence of these mutants is consistent with the predic¬ 
tions of our earlier chromosome substitution studies 
summarized in Figure 1, as well as with the independent 
results of Graf and Ayala^^, and Bewley and Laurie- 
Ahlberg^^ indicating the existence of c2 mutants regulat¬ 
ing the activity of the c3 ADS genes. 

Genetic studies: Interactions with other systems 

Given all of the above data, we expected that Ra strain 
animals directly selected for resistance to PQ should 
have high levels of ADS gene products coupled with a 
significantly increased mean and maximum life span. 
We have done this experimenF^. After 24 generations of 
selection, the resulting PQ-resistant (PQR) strain ani¬ 
mals show a significant four-fold increase in their ability 
to resist PQ under standard conditions. This PQ resis¬ 
tance is coupled with an increase in their mean longevity 
but not in their maximum longevity. The existence of 
this unexpected phenotype meant that our prediction was 
not verified. It also meant that our understanding of the 
system was not complete. However, continued investi¬ 
gation revealed important mechanistic differences be¬ 
tween the PQR and La strain animals. The enhanced 
resistance of the PQR strain is not due to an increase in 
their ADS activities but rather to a significant increase 
in their cytochrome P450 levels (Table 3). The cyto¬ 
chrome P450 system is a highly conserved gene family 
which constitutes one of the organisms’ main defense 
against harmful endogenous and exogenous substances. 
Presumably, it was the application of two different se¬ 
lection regimes for PQ resistance (indirect vs. direct) 
that permitted the Ra genome to respond in two different 
ways: direct selection giving rise to PQ resistance based 
on detoxification of the exogenous stressor molecule; 
and indirect selection giving rise to PQ resistance based 
on the ability to detoxify the harmful metabolic byprod¬ 
ucts (free radicals) of the exogenous stressor molecule. 
Each strategy of PQ resistance has its own effect on 
longevity. In addition, the data in Table 3 also show that 
there exists a reciprocal interaction between the two 
systems such that the animal can apparently increase its 


Table 3. 

Reciprocal interactions between 
ADS* 

cytochrome P450 and 

Strain 

Relative ADS levels 

Relative P450 levels 

La 

1.75 

0.93 

Ra 

1.00 

LOO 

PQR 

0.85 

2.05 


*Data taken from ref. 26. Each value represents the levels in the 5- 
day-old animal of the ADS level as represented by the CuZnSOD 
inRNA/rRNA value, or the nM P450 enzyme/mg microsomal protein 
value; each expressed relative to the value in the Ra strain. ADS, 
antioxidant defense system. 
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levels of one protective system only at the expense of 
the other. The P450 system and the ADS system are re¬ 
ciprocally interconnected, an observation which we in¬ 
tend to pursue vigorously in the hope of deciphering the 
nature of the linkages involved. Others have also noted 
the pleiotropic interconnectedness of metabolic sys- 
tems^^ 

When confirmed in detail by our ongoing experi¬ 
ments, this interaction of the two systems may well 
provide some insight into important evolutionary ques¬ 
tions and molecular mechanisms. Many workers have 
noted that the long-lived flies are more robust and fe¬ 
cund than are their normal lived progenitors^^ Why then 
is long life not a common phenotype in the wild? The 
mutation accumulation and antagonistic pleiotropy con¬ 
cepts are valuable hypotheses which address these ques¬ 
tions^. Unfortunately, some of the trade-offs suggested 
by these theories are not fully supported by empirical 
evidence: a decreased early fecundity seems not to be a 
constant aspect of long life in all strains; older animals 
may actually have a lower age-specific mortality and 
higher life expectancy than younger cohorts; and so 
forth. We have noted elsewhere that an increased devel¬ 
opmental mortality seems to be a common feature of 
several independently generated long-lived strains^^. We 
believe that the lower cytochrome P450 levels in the La 
animals (Table 3), and consequently a probable lower 
level of protection against harmful exogenous sub¬ 
stances in the food, might well be related to their sig¬ 
nificantly higher level of developmental mortality — a 
level sufficiently high to explain the otherwise puzzling 
greater fitness of the R animals. 

Since we first described this system^^ we have de¬ 
ployed a variety of behavioral, physiological, genetic, 
and molecular tests designed to elucidate answers to the 
interesting questions regarding longevity extension and 
gene expression in Drosophila. In 1989, we pointed out 
that the general habit of measuring aging changes as a 
function of time was not accurate^^. We shall learn 
something substantive about the aging process only 
when we can substitute the operation of the actual 
physiological mechanisms in place of time. The data 
presented here suggest that the ADS systems plays a 
critically important role in this process in our strains, 
and that its up-regulation is necessary for the expression 
of the extended longevity phenotype^^ However, more 
work needs to be done. For example, the correlations 
between ADS gene expression and oxidative damage 
patterns need to be further strengthened. The reality of 
the process is more complex than our simple hypotheses 
have so far envisioned. In addition, the complexities of 
the interactions of the ADS system with other systems 
such as the P450 are beginning to be deciphered. Al¬ 
though we have much to learn about the operation of 
these molecular and physiological systems, we believe 


that we are now somewhat closer to our goal of remov¬ 
ing time from the description of aging than we were 
some years ago. 
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Regulation of gene expression during ageing 
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Deterioration or ageing of functions that occurs in 
all organisms after they attain reproductive ability is 
the sum total of the decline in the activities of vari¬ 
ous organs. The functions of various organs begin to 
deteriorate at different times of the life span and at 
different rates. So it is unlikely that a single gene is 
responsible for ageing of multicellular organisms. 
Studies on isoenzyme patterns of enzymes such as 
lactate dehydrogenase and alanine aminotransferase, 
show that the genes responsible for coding of differ¬ 
ent subunits of the enzymes are sequentially ex¬ 
pressed during the life span. Also, the decrease in the 
levels of enzymes seen after adulthood is reversible 
and can be brought back to adult level by inducing 
their genes by steroid hormones which act on genes 
after binding to their receptors. Studies on tran¬ 
scription of several genes show that their expression 
declines after adulthood. This has been shown to be 
due to the decrease in the levels of ^mns-acting nu¬ 
clear proteins that bind to specific cis-acting ele¬ 
ments in the promoter regions of these genes. These 
proteins are inducible by steroid hormones. Hence 
the deterioration of functions that occurs after 
adulthood and leads to ageing can be delayed, and 
the adulthood period can be prolonged by manipula¬ 
tion of the expression of genes. 

Ageing or deterioration of various functions occurs in 
all eukaryotic organisms after they attain reproductive 
maturity. The cause of this universal phenomenon is an 
intellectually challenging problem in biology. The ques¬ 
tions that have confronted researchers in this field are: 
Why do functions of all organisms undergo deterioration 
after reproductive maturity is attained? Why do all 
members of a species have a more or less fixed life 
span? Why does a rat live for three years, an elephant 
for 70 years, and a human being for 100 years? At what 
age after attaining maturity does the process of ageing 
begin? Is there a single trigger, a master switch, which 
sets in motion the process of deterioration? If so, how is 
it switched on? Or, are there multiple switches that get 
switched on at different stages of the life span and set in 
motion the process of deterioration of various functions 
of the organism leading to ageing and death? Is this 
process programmed like the process of development? 

Answers to these questions may help in designing ex¬ 
periments to postpone or prevent the onset of the ageing 

*For correspondence, (e-mail: kanungo@banaras.ernet.in) 


process. This would prolong the active and youthful 
period in humans from age 20-40 years to say 20-60 or 
more, and would greatly increase the active period and 
quality of life. The objective is to ensure better health 
for a longer period, and not merely prolongation of the 
years lived. Prolongation of the adult period is also ex¬ 
pected to postpone or defer the onset of ‘old age' dis¬ 
eases such as cardiovascular and cerebro-vascular 
diseases, cancer, arthritis, Alzheimer’s disease, etc. 
which set in generally after age 50 when the persons are 
at the peak of their careers. 

Earlier studies have shown: (i) decrease in the number 
of post-mitotic cells; (ii) accumulation of age pigment; 
(iii) decrease in levels of hormones; (iv) decrease in 
permeability of membranes; (v) increase in cross-linking 
and tensile strength of collagen; (vi) increase in free 
radicals; (vii) decrease in levels of enzymes, though 
some enzymes do not show any change, and a few others 
increase in level and (viii) decrease in antibody level 
and immunocompetence after the reproductive period. 
These changes being secondary in nature, do not explain 
the basic cause of ageing (reviewed by Kanungo^). 

The fact that (i) all individuals of a species have a 
more or less fixed maximum life span, (ii) long-lived 
parents have long-lived progeny and short-lived parents 
have short-lived progeny, and (iii) identical twins have 
similar longevity, indicate that the cause(s) of ageing 
may lie at the level of genes. This is strengthened by the 
finding on the mutants of the free-living nematode, 
Caenorhabditis elegans, C. elegans has a life span of 
only about two weeks and has a fixed number of post¬ 
mitotic cells. It has several mutants which have different 
longevities. The longevity of ageA mutant is 60% 
longer than that of the wild type^. Kenyon et al? and 
Kenyon"^ reported that mutation in the dafl gene dou¬ 
bles the longevity. The extension of longevity also re¬ 
quires daf-l6 gene. There are other daf genes which 
have regulatory effects on longevity. This indicates that 
the products of daf-2 and daf-16 genes accelerate the 
ageing process, and when they are mutated, the ageing 
process is deferred and, therefore, longevity is in¬ 
creased. Longevity in C. elegans and in other species 
may, therefore, be genetically regulated. The variability 
in the pattern of ageing among individuals within a spe¬ 
cies, especially in higher organisms, may not only be 
due to genetic differences but also due to the differences 
in their nutrition, and the types of stress such as tem- 
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perature, radiation, pollution including free radicals, and 
psychological stress to which they are subjected to dur¬ 
ing their life span. 

Another important observation is that the functions of 
different organs begin to deteriorate at different times, 
and at different rates. For example, in the mammals the 
activity of the thymus declines earlier than that of the 
skeletal muscle, and that of the latter declines earlier 
than that of the brain. This indicates that different genes 
are involved in the ageing of different organs, and there 
is no single or master gene that sets in motion the ageing 
process of the organism as a whole, because if such a 
gene were present, functions of all organs would begin 
to deteriorate at the same time. 

On the basis of the above observations, Kanungo^’^’^ 
put forward the ‘gene regulation’ theory of ageing, ac¬ 
cording to which ageing occurs due to the changes in the 
expression of genes after reproductive ability and other 
adulthood activities have been attained (Figure 1). The 
life span of an organism has three broad phases: devel¬ 
opment, adulthood and senescence. Developmental stage 
is programmed as the embryonic and post-embryonic 


events up to reproductive maturity are well timed, and 
occur in a specific sequence. These events take place 
due to sequential activation of several early phase genes 
(genes A-F) according to a set programme. Some genes 
of the late developmental period, genes E and F, switch 
on certain genes like G and H of the early reproductive 
phase. These genes, in turn, switch on sequentially other 
genes of the reproductive (adult) phase, and the organ¬ 
ism attains reproductive ability. Continued reproduction 
and other stresses to which the organism is exposed 
during adulthood cause depletion of certain factors 
which are necessary for keeping essential genes active 
and maintaining adult functions. Also, continued Tepro- 
duction and other stresses may cause accumulation of 
certain factors that may cause expression of some unde¬ 
sirable genes such as oncogenes leading to cancer. Thus 
the decline in functions that begins after attainment of 
reproductive ability is due to destabilization of the 
regulation or the homeostatic expression of genes re¬ 
quired for maintenance of adulthood functions. 

The various tenets of the ‘gene regulation’ theory are 
testable. For example, one can find out if (i) the expres- 
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sion of genes changes after adulthood, (ii) whether these 
changes can be reversed by various cellular factors, and 
(iii) whether one can manipulate the ageing process by 
manipulating the expression of genes, and delay or defer 
the onset of ageing. The following data from this labora¬ 
tory support the theory. 

Changes in enzymes 

Isoenzymes 



Several workers had shown earlier that the levels of 
many enzymes decrease after adulthood. Though each 
enzyme is generally coded by one gene, there are several 
enzymes which exist in multiple molecular forms called 
isoenzymes. They are made up of two types of protein 
chains or subunits, each chain being coded by a gene. 
Though all isoenzymes catalyse the same reaction, there 
are subtle differences in their kinetics. Changes in the 
levels of isoenzymes that catalyse a specific step may 
destabilize the fine control of a metabolic path because 
of the differences in their affinities for the substrates 
and effectors. This may alter a specific function. 

Kanungo and his co-workers studied the isoenzymes 
of lactate dehydrogenase (LDH), and alanine amino¬ 
transferase (AAT) of the rat to get some insight into 
their molecular changes during the life span, because 
changes in their levels may throw light on the changes in 
the expression of the corresponding genes. LDH has five 
isoenzymes: M 4 , M3H1, M 2 H 2 , M 1 H 3 and H4. It catalyses 
the reaction, pyruvate —> lactate, and is essential for 
anaerobic glycolysis by which energy is derived in the 
absence of oxygen. M4-LDH is more efficient for this 
reaction. Singh and Kanungo^ found that M4-LDH is 
significantly lower in the brain, heart and skeletal mus¬ 
cle of old rats. Hence the cells in these tissues become 
more aerobic or dependent on oxygen and, therefore, are 
more vulnerable to death when oxygen supply is cut off 
due to a clot in the blood vessel supplying the tissues. 
This is one of the reasons for the higher frequency of 
heart attack and brain damage in .old age. 

Cytoplasmic AAT (cAAT) is necessary for amino acid 
metabolism. It is a dimer made up of two types of subunits, 
A and B, each coded by a gene. It has two isoenzymes, 
cAAT-A and cAAT-B. Kanungo and Patnaik®’^ found that 
cAAT-A is present in the liver of the rat during its early 
developmental period. In the adult, both cAAT-A and 
cAAT-B are present. In the old, only cAAT-B is present. 
This shows that the genes for A and B get expressed se¬ 
quentially during the life span. The A gene is expressed 
during the developmental phase, and is switched off during 
adulthood, and then B gene gets expressed from adulthood 
onwards (Figure 2). Such changes may alter the metabolism 
of the alanine and a-ketoglutarate which may, in turn, 
affect the activity of the Krebs cycle. 


{+) ' 

Figure 2. Polyacrylamide gel electrophoresis of cytoplasmic alanine 
amino-transferase of the liver of 5-, 52- and 100-week-old rats 
(Source; Kanungo and Patnaik^). 

Induction of enzymes 

The levels of several enzymes decrease after adulthood. 
This may either be due to a decrease in transcription of 
the respective genes, or a decrease in translation of their 
mRNAs to proteins. To find out if these alterations are 
reversible, the enzymes, acetylcholinesterase (AChE) 
and cholineacetyl trans-ferase (CAT), were induced 
in the brain of rats of various ages by the steroid hor¬ 
mone, 17P estradiol, which is known to act on genes 
after binding to its receptor and other proteins. It 
was found that the levels of both the enzymes are lower 
in the brain of normal old rats, but their levels get ele¬ 
vated to adult levels after administration of estradiol. 
Hence the changes in the levels of enzymes seen after 
adulthood can be manipulated by regulating the rate 
of transcription of their genes using hormones which 
act on genes^*^’^^ It was further shown that the level of 
the receptor protein to which 17p estradiol binds de¬ 
creases in the brain with increasing age^^. This may 
contribute to the lower expression of AChE and 
CAT genes, and hence lower levels of AChE and CAT 
enzymes in old age, resulting in decreasing brain 
function. 
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Primary structures of proteins do not change with 
age 

The lower levels of enzymes in old age may be due to 
lower expression of their genes, or due to increasing 
levels of error containing enzyme molecules as postu¬ 
lated in the ‘error’ theory of ageing'^’’'*. This theory 
postulates that the frequency of incorporation of ‘errors’ 
into RNAs and proteins during information transfer 
steps like transcription and translation, respectively, 
increases with age, and results in increasing levels of 
‘error’ containing proteins. Such proteins would be par¬ 
tially or totally inactive. Particularly, errors in proteins 
that are involved in protein synthesis like RNA po¬ 
lymerase II and aminoacyl-tRNA synthetases would 
amplify such errors and lead to ‘error’ catastrophe, 
leading to decline in cell function and cell death. The 
latter possibility was tested by purifying proteins from 
young and old rats and analysing them by peptide mapping, 
kinetics and immunodiffusion using antisera against the 
proteins. By all these criteria it was shown that there are 
no apparent differences between the primary structure of 
a protein of young and old rats^^. This not only contra¬ 
dicts the ‘error’ theory, but also shows that the decrease 
in the levels of enzymes seen in old age is not due to 
changes in the primary structures of proteins, but is due 
to the decrease in expression of their genes. 

Expression of genes 

Though RNA polymerase II that binds to the TATA re¬ 
gion of the gene along with other transcription factors 
(proteins) (TFs) is responsible for basal transcription of 
a gene, the rate of its transcription is regulated by spe¬ 
cific tranj-acting factors (nuclear proteins) that bind to 
specific cii-acting elements (DNA sequences) in the 
non-coding 5' flanking (promoter) region of the gene 
and interact with the TFs. Alterations in the levels of 
these proteins and their modifications influence the rate 
of transcription. 

We used fibronectin (FNT) gene of the rat, and vitel¬ 
logenin (VTG) and ovalbumin (Ov) genes of the bird for 
finding out if the trans-acting factors undergo altera¬ 
tions during ageing, FNT gene is expressed in the liver 
and codes for a protein that is required for several func¬ 
tions such as differentiation, morphogenesis, cell-cell 
interaction, wound healing, tumour metastasis, etc. We 
first found by Northern hybridization technique that the 
expression of the gene in the liver declines after about 
20 weeks of age of the rat’®. 

Whether or not the levels of the frawj-acting factors 
that bind to specific sequences of the promoter of the 
FNT gene change after adulthood in the rat was exam¬ 
ined by gel mobility shift assay. The promoter of the 
gene has several interesting cis-acting elements includ¬ 
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ing CCAAT, GGGCGG as well as responsive elements 
for cAMP and heat shock proteins that take part in its 
transcriptional regulation. The following 25-mer syn¬ 
thetic DNA that contained the cAMP responsive element 
(CRE), TGACGTCA, of the FNT gene was 

5' AATTCCCCG TGACGTCACCCGGAC-3' 

3'-GGGGCACTGCAGTGGGCCTGTTCGA-5' 

labelled by and incubated with nuclear extract of the 
liver of young, adult and old rats. Gel shift assay was 
carried out to find out the proteins that bind to the 25- 
mer DNA. It was found that three nuclear proteins bind 
to the 25-mer DNA in the young. The levels of these 
proteins are far lower in the old. Since the transcription 
of the FNT gene in the liver is also lower in the old, the 
decreasing levels of the nuclear franj-acting factors may 
be responsible for the decreasing degree of transcription of 
the FNT gene (Figure 3)’’”. Hence induction of the FNT 
protein in old rats by stimulation of transcription of its 
gene may accelerate the healing of wounds in the old. 

Several cellular factors are known to modulate the 
rate of expression of genes. A single factor may alter the 
expression of one or more genes which may or may not 
be related. The levels of several factors, especially of 
steroid hormones, change after adulthood. These hor¬ 
mones are known to regulate the expression of gehes. 
They bind to specific receptors, and the complexes then 
bind to specific cw-acting elements in the promoter. 
There are usually several cw-acting elements in the pro¬ 
moter of a gene, each acting as a module. Interactions be¬ 
tween trans-acting factors bound to one or more modules 
and the transcription factors bound to the transcription start 
site cause subtle changes in the expression of a gene. Each 
hormone also may act on several genes, so it may have in- 
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Figure 3. Gel mobility shift assay of 25-mer dsDNA containing the 
cAMP response element (CRE), TGACGTCA, present in the pro¬ 
moter region of the fibronectin gene'. Nuclear extract (1—4 pg) of the 
liver of 2-, 25- and 110-week-old male rats was titrated with 25-mer 
P-labelled dsDNA containing the CRE. Three nuclear proteins are 
present in immature and adult rats, but the levels of these proteins 
are significantly lower in the old (Source: Kanungo^). 
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fluence on several functions in a complex, multicompo¬ 
nent organism. Changes in the hormone levels would, 
therefore, destabilize several functions, and affect the 
homeostatic functioning of various organs, and lead to 
ageing. 

To get an insight into the gene-function relationship, 
it is necessary to correlate the activity of a gene (the 
genotype) with the activity of a specific function (the 
phenotype) carried out by an organ. It would throw light 
not only on the basic mechanism of ageing at the level 
of genes, but also help in the development of techniques 
to manipulate a specific function and defer the ageing 
process. It was reasoned that genes whose timing and 
rate of expression run parallel with the timing of the 
onset, peaking and cessation or the rate of a specific 
function during the life span of an organism may serve 
as appropriate models. The changes in the function 
should be measurable in order to correlate it with the 
changes in the expression of the. gene responsible for 
this function. This would directly correlate the change in 
a phenotype with that of a genotype, and establish the 
relationship of a gene with the function it controls. 

Hence, the genes that code for proteins needed for egg 
production in the bird, Japanese quail, were, chosen for 
this study for the following reasons. Ovalbumin (Ov), 
the egg white protein, is synthesized in the oviduct. 
Vitellogenin (VTG), the egg yolk protein, is synthesized 
in the liver. The initiation, peaking and cessation of ex¬ 
pression of their genes are expected to run parallel with 
the initiation, peaking and cessation of egg formation 
and laying which can be monitored. Also, the promoter 
regions of these genes have interesting sequences, cis- 
acting elements, estradiol responsive element (ERE) and 
progesterone responsive element (PRE), to which the 
steroid hormones, 17p-estradiol and progesterone, bind 
respectively, along with their receptors and other tram- 
doting nuclear proteins to stimulate the expression of 
these genes. The genes are highly induced by estradiol. 
These genes have other cf.s-acting elements such as 
CCAAT and NFI which are also known to bind to nu¬ 
clear proteins and modulate expression of these genes. 
The levels of the two hormones decline after adulthood, 
and the progesterone/estradiol ratio is the highest in the 
adult bird when peak egg laying occurs, and it is consid¬ 
erably lower in the old which does not lay eggs^®. Hence 
it may be possible to correlate the changes in the rate of 
expression of the two genes during the life span with an 
important phenotypic function, egg laying. 

Japanese quail has a life span of only about two years. 
It begins to lay eggs from 8 to 10 weeks which peaks 
between 20 and 30 weeks, i declining thereafter, and 
ceasing at 60 weeks. This phenotypic change can easily 
be monitored, and its correlation with the two genes 
responsible for the synthesis of the two vital egg pro¬ 
teins, ovalbumin in the oviduct and VTG in the liver, 
can be established. 


Total RNA from the oviduct of 8, 20 and >60 week 
old birds was resolved in 1% denaturing agarose gel, 
transferred to nytran membrane and hybridized to 
labelled cDNA probe of Ov gene. The level of Ov- 
mRNA was found to be far greater in the adult than in 
the immature and the old^^. 

Gel mobility shift assay was carried out with the fol¬ 
lowing synthetic 20-mer ds DNA corresponding to the 
promoter sequence -120 bp to -100 bp of the Ov gene 
to find out if the nuclear factors that bind to it change 
with age. The ds DNA was ^^P-labelled and incubated 
with nuclear extract of the oviduct of 8, 20 and >60 
week old birds. 


5' AATTTCTAACCCAATCCCATTAAA-3' 

3'-AGATTGGGTTAGGGTAATTTTCGA-5' 

20 mer synthetic ds DNA containing CCAAT sequence 


Figure 4 shows that there are atleast two nuclear pro¬ 
tein factors that bind to this sequence, and their levels 
are the highest in the adult when the transcription of the 
Ov gene is also the highest^^. Hence there is a direct 
correlation between the levels of the trans-acting factors 
and the expression of the Ov gene during the life span of 
the bird. 

Total RNA was extracted from the liver of immature 
(2-3 week) birds, resolved on 1% formaldehyde dena¬ 
turing agarose gel and hybridized with ^^P-labelled VTG 
cDNA. No VTG mRNA was seen at this age. However, 
when these birds were administered 17(3 estradiol (E), 
and sacrificed after 48 h, the VTG gene was expressed. 
Progesterone (P) did not induce the gene, but when 
E + P were administered together, the gene was signifi¬ 
cantly expressed^®. In the adult bird (20-25 week), 

Young Adult Old 
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Figure 4. Gel mobility shift assay with the 20-mer DNA containing 
the CAAT-box of the Ov gene promoter and nuclear extract (NE) of 
the oviduct of young, adult and old Japanese quails. The ^^P-labelled 
20-mer dsDNA was incubated with 1,2 or 4 pg of NE of the oviduct 
of birds of different ages. The DNA-proteins complexes were re¬ 
solved on 5% polyacrylamide gel. F-Free probe (Source: Upadhyay et 
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Figure 5. Northern blot hybridization of total RNA (15 }Xg) of liver 
of Japanese quail on formaldehyde denaturing gel electrophoresis 
and hybridized with ^^P-labelled VTG cDNA. RNA was purified 
from the birds 48 h after administration of either estradiol (E) or 
progesterone (P) or E + P, (a) Immature bird (2~-3 week); (b) adult 
bird (20-30 week). C-control; V-vehicle (Source: Gupta et 

VTG-mRNA was expressed and its level increased 
greatly after estradiol administration^^ Progesterone, 
however, completely repressed its expression. Estradiol 
and progesterone together induced its expression, but 
less than that by estradiol alone. Thus progesterone has 
an inhibitory effect on the expression of the VTG gene, 
both in the immature and the adult birds (Figure 5). 

A -CCGG- sequence is present between the ERE and 
the PRE of the VTG gene promoter. Methylation of the 
internal cytosine of -CCGG- in the promoter of several 
genes has been shown to inhibit their expression. The 
restriction enzyme, MspI cleaves the -CCGG- sequence 
whether it is methylated or unmethylated, but Hpa II 
cleaves it only if it is unmethylated. Hence the methyla¬ 
tion status of the VTG promoter can be studied using the 
two enzymes. High m.w. DNA of the liver was digested 
by EcoRI, or EcoRI + Msp I or EcoRI -f- Hpa II, the 
DNA fragments were resolved on 1.5% agarose gel and 
hybridized to a 1.3 kbp VTG-DNA fragment of the pro¬ 
moter region (-1484 to -75 bp) that encompasses the 
ERE and the PRE. It was seen that in the adult bird, Hpa 


II cleaves the 1.3 kbp fragment of the promoter at the 
-CCGG- site^^ Hence the -CCGG- sequence is unmethy¬ 
lated in the adult in which the gene is expressed and egg 
is formed. We have further shown that in the immature 
bird which does not lay eggs and in which the gene is 
not expressed, the -CCGG- sequence is methylated. In 
the old bird which also does not lay eggs, the sequence 
gets methylated (to be published). 

Immature (2-3 weeks) and adult (20-25 weeks) birds 
were administered estradiol or progesterone or E + P to 
find out if the trans-acting factors that bind to the ex¬ 
acting elements are induced by the hormones. The pro¬ 
moter region of the VTG gene was restricted with en¬ 
zymes to obtain a 112 bp fragment that contained the 
ERE, and a 149 bp fragment that contained the PRE. 
The ^ P-labelled fragments were incubated separately 
with nuclear extract of the liver, and gel shift assays 
were carried out. It was seen that in the control imma¬ 
ture and adult birds only one protein factor binds to the 
ERE. In estradiol-treated birds its level is greatly in¬ 
duced as also in E -H P treated birds (Figure 6). In pro¬ 
gesterone-treated birds, the factor is also induced in the 
immature, but in the adult, greater retardation of the 
factor is seen. It indicates that after progesterone ad¬ 
ministration either the factor gets modified or an inhibi¬ 
tor is synthesized, that binds to the factor, and hence 
retards its mobility. Later we have shown that the levels 
of these factors are either lower in old birds, or the fac¬ 
tors are modified (to be published). 

Another factor that may contribute to the decline in 
gene expression during ageing, especially in post¬ 
mitotic cells such as neurons and muscle cells that stop 
dividing soon after birth, is the increasing condensation 
of the chromatin. This has been shown to occur in the 
brain of the rat. When nuclei of the brain are incubated 


Immature Adult 

CEEPP OEEPP 



Figure 6. Gel mobility shift assay of the 112 bp dsDNA fragment of 
the promoter region of the VTG gene containing the ERE. One and 4 
p.g nuclear extract (NE) of the liver of immature (2-3 week) and 
adult (20-30 week) Japanese quail were incubated for 10 min with 
^^P-labelled VTG-ERE. NE was prepared from the birds 48 h after 
administration of estradiol (E) or progesterone (P) or E + P (Source: 
Gupta et al. ^'). 
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with DNAase I that digests the DNA and produces 
fragments of 10 bp and its multiples, less of 10 bp frag¬ 
ments are produced in the old^^. When acetylation of 
histones in the chromatin is carried out using nuclei of 
the brain, the degree of acetylation is significantly lower 
in the old brain. Also, the degree of transcription in 
these nuclei is greatly decreased^^. Condensation of the 
chromatin would not only hinder the accessibility of the 
transcription start sites of genes to transcription factors 
that are required for transcription but also of czj-acting 
elements to fran^-acting factors that are required for 
regulation of transcription. Hence both the transcription 
and the degree of regulation of the expression of genes 
would decline as a function of age in these cells. 

Conclusions 

The above studies have shown that the expression of 
genes in various organs is regulated by trans-acting nu¬ 
clear protein factors that bind to specific c/^-acting ele¬ 
ments present in their promoters. The decline in the 
expression of genes that occurs after adulthood and 
leads to ageing is due to the decline in the levels of 
these factors or due to their modifications. These factors 
are inducible by specific hormones and other effectors 
whose homeostatic balance and levels are destablized 
due to various types of stresses that the organism en¬ 
counters during its adulthood. It is possible, therefore, 
to extend the period of expression of the genes by 
maintaining the levels of the effectors and hormones. 
This would extend the period of activity of various 
functions, and thereby prolong the period of adulthood 
or defer the process of ageing. 
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Senescence marker protein-30 (SMP30) and its 
gerontological significance 


Toshiko Fujita*Takuji Shirasawa^ and Naoki Maruyama* 

Departments of ^Molecular Pathology and ‘Neurophysiology. Tokyo Metropolitan Institute of Gerontology, Tokyo. 35-2 Sakaecho, 
Itabashi-ku, Tokyo-173, Japan 


We have isolated and characterized a novel 
protein designated as senescence marker protein-30 
(SMP30). The amount of SMP30 decreases in an an¬ 
drogen-independent manner with increasing age in 
the rat liver. SMP30 turned out to be identical to a 
calcium-binding protein called regucalcin. In this 
review, we give an overview of the structure, expres¬ 
sion and possible physiological role(s) of SMP30. We 
also discuss the hypothetical role of SMP30 in aging 
and calcium homeostasis. _ 


The liver plays important roles in nutritional metabo¬ 
lism, detoxification of various harmful substances, and 
the production of essential proteins and factors. Hence, 
age-dependent changes of hepatic proteins may influ¬ 
ence the hepatic functions in the elderly people. With 
respect to age-associated alterations of gene/protein ex¬ 
pression in the liver, several reports have described such 
changes in aged rats*”^. We investigated the expression 
of transcription factors and found that the expression of 
c-jun and c-fos was up-regulated in aged rat livers as 
compared to that of adult rats'*. Transcription factors, 
such as c-jun, c-fos, or other factors may alter the ex¬ 
pression of their target genes. In order to assess the age- 
associated changes in hepatic proteins, we surveyed 
soluble proteins in adult rat livers as well as aged rat 
livers by two-dimensional electrophoresis. We detected 
and purified a novel hepatic protein, which is down- 
regulated androgen-independently in aged rat liver^. We 
designated this protein as senescence marker protein-30 
(SMP30) because of its molecular mass of 30 kDa. 
Down-regulation of SMP30 was sex-independent and its 
amount decreased in aged females as well. To elucidate 
physiological function(s) of SMP30 and its expressional 
regulation in aged rat liver, we prepared specific anti¬ 
body for the detection of SMP30 and characterized 
cDNA clones encoding rat, human and mouse SMP30 
(refs 5-8). In addition, we isolated mouse genomic locus 
encompassing SMP30 gene and characterized the puta¬ 
tive promoter and cis-regulatory sequences in its 5^ 
flanking region*. An immunohistochemical analysis 
showed that SMP30 was specifically localized in 


^For correspondence, (e-mail: tofujita@tmig.or.jp) 
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hepatocytes and renal tubular epithelia®. The primary 
structure of SMP30 was well conserved in higher ani¬ 
mals with remarkable sequence homology*’^. These re¬ 
sults suggested the important role(s) of SMP30 in the 
liver and kidney of higher animals. SMP30 was recently 
found to be a novel type of calcium-binding protein, 
implying that the regulation of intracellular calcium ions 
in hepatocytes and renal tubular epithelia may be altered 
in aged animals. 

Detection of SMP30 and its androgen- 
independent decrease with age in the rat liver 

To identify age-associated changes in the soluble pro¬ 
teins of the rat liver, we used two-dimensional cellulose 
acetate membrane electrophoresis (2D-CAME) and 
microcomputer-assisted two-dimensional densitome¬ 
try®’*®. This method has the advantage of defining differ¬ 
ent profiles of water-soluble proteins from those 
detected by the ordinary two-dimensional polyacryla¬ 
mide gel electrophoresis of O’fferrell*'. By using this 
method, we analysed undenatured liver proteins from 
young as well as aged rats. The results showed the pro¬ 
files of these water-soluble proteins from the livers of 6 
and 24-month-old rats (Figure 1). Among 10 well- 
resolved proteins, 5 are indicated in Figure 1. Next, we 
quantified these spots on the filter by a microcomputer- 
assisted densitometry. The amounts of electrophoresed 
proteins were measured as integrated optical density 
(IOD)‘®. Quantitative analysis showed that the amounts 
of two proteins, p/4.9 and p/7.3, were significantly de¬ 
creased in the liver of aged male rat (24 months) in 
comparison to those of adult male rat liver (6 months). 
These decreases were 37% and 93%, respectively (Figure 
2). In contrast, other well-resolved proteins at spots 2, 8, 
and 9 (Figure 1) failed to show significant age-associated 
changes (Figure 2). The decrease of p/7.3 protein was 
drastic, while this protein was hardly detected in the liver 
of female rats of all ages. On the other hand, the amount of 
p/4.9 protein was specifically down-regulated in aged fe¬ 
male rat liver as well as aged male rat liver. In order to 
characterize the expressional regulations of these 
molecules, we investigated the effect of castration and 
postoperative administration of testosterone on the ex- 
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Figure 1. Two-dimensional electrophoretograms of soluble proteins 
from livers of adult (upper) 6-month-old and senescent (lower) 24- 
month-old male rats. Bold arrows indicate the proteins which de¬ 
crease during aging: one is p/4.9 protein and the other is p/7.3 pro¬ 
tein. Thin arrows, 2, 8, 9 indicate proteins that did not change 
quantitatively during aging. Proteins are visualized after Coomassie 
blue staining. 100 jig of proteins from animals of each age were 
subjected to 2D-CAME. (T. Fujita et al, Biochim. Biophys, Acta, 
1992,1116, 122-128.) 



Figure 2. Quantification of protein spots on 2D-CAME from adult 
v.s. senescent male rat livers. Quantitative analyses are performed on 
each spot (p/4.9, p/7.3, 2, 8, 9), indicated in Figure 1 by computer- 
assisted two-dimensional densitometry after 2D-CAME. Values are 
shown as mean lOD + standard deviation and each sample number is 
shown in parentheses. lOD; Integrated optical density. 
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Figure 3. Effects of castration and post-operative administration of 
testosterone on the expression of p/4.9 and p/7.3 proteins. Wistar 
male rats were used. •, control; O, castration; □, treatment with 
sesame oil after castration; ■, treatment with testosterone propionate 
after castration; female (no treatment). LOO jig of proteins from 
animals of each age were subjected to 2D-CAME. The amounts of 
p/4.9 and p/7.3 protein spots were quantified by computer-assisted 
two-dimensional densitometry after 2D-CAME. lOD. Integrated 
optical density. (Fujita et al, Biochim. Biophys. Acta, 1992, 1116, 
122-128.) 

pression of p/4.9 and p/7.3 proteins (Figure 3). The ex¬ 
pression of p/4.9 protein was not affected by castration 
or by treatment with testosterone after castration. On the 
contrary, p/7.3 protein decreased after castration, but 
completely recovered after the administration of testos¬ 
terone. We focused on the protein of p/4.9 because its 
expression is down-regulated in an androgen- 
independent manner in aged rat liver. We purified this 
protein from rat liver by biochemical methods. This 
soluble p/4.9 protein was a single polypeptide with mo¬ 
lecular mass of 30 kDa and we designated it as senes¬ 
cence marker protein-30 (SMP30) (ref. 5). 

In order to characterize the biochemistry and histo¬ 
chemistry of SMP30, we prepared a specific antibody 
for the detection of SMP30. We evaluated age- 
associated changes of SMP30 by quantitative rocket 
immunoelectrophoresis using anti-SMP30 serum. The 
results showed that 60—70% decrease of SMP30 occurs 
in both aged male and female livers as compared to the 
younger adults^. In addition, this quantitative analysis 
revealed that the amount of SMP30 is 2% of total solu¬ 
ble protein fraction in the liver of adult rats^ 


I 



873 





SPECIAL SECTION: MOLECULAR BIOLOGY OF AGEING 


To exclude the possibility that the detected amounts 
of SMP30 was influenced by post-translational modifi¬ 
cations in aged rat liver, we developed a double staining 
method, a combined method of immunodetection and 
Coomassie blue-staining'^. In this method, a post- 
translational modification of SMP30 would shift its lo¬ 
cation in two-dimensional profile. However, only a sin¬ 
gle spot corresponding to SMP30 reacted with anti- 
SMP30 serum in double stained two-dimensional profile 
prepared from senescent livers (24 months), strongly 
suggesting that the decrease of SMP30 with age was due 
to the decrease of protein amount, and not due to trans¬ 
lational modification^, 

Primary structure of SMP30 

We isolated and characterized a cDNA clone encoding 
rat SMP30 (ref. 6). The full length cDNA clone. 
1,600 bp in length, had an open reading frame of 
897 bp, which could encode 299 amino acids. The esti¬ 
mated molecular weight of deduced polypeptide was 
33,387 and the estimated p/was 5.101. In its 3^ untrans¬ 
lated region, two polyadenylation signals were found. 
The homologous sequence was searched against Gen- 
Bank database, but no significant homology was found 
with known nucleic acid or amino acid sequences, sug¬ 
gesting that SMP30 is a novel protein. In 1993, Shimo- 
kawa and Yamaguchi reported a cDNA encoding a 
calcium-binding protein called regucalcin and found that 
it was identical to SMP30 (ref. 13). Since the primary 
structure of SMP30 failed to show known calcium¬ 
binding motifs such as EF-hand or other motifs, SMP30 
represents a novel calcium-binding protein. 


The genomic Southern hybridization analysis showed 
that SMP30 evolutionarily conserved only in higher 
animals^. To characterize molecular evolution, we 
cloned human and mouse cDNA encoding SMP30 (refs 
7, 8). All cDNA clones showed a single open reading 
frame consisting of 299 amino acids. Alignment of pri¬ 
mary structure revealed that rat SMP30 closely resem¬ 
bled human SMP30 (88.9% identify in amino acid 
sequence) and mouse SMP30 (94.3% identify) (Figure 
4). The primary structure of SMP30 was conserved in its 
entire primary structure, including 9 cysteine residues 
among human and rodents, suggesting that the entire 
primary structure may be required for the physiological 
function of SMP30. These data suggest a conserved 
physiological role of SMP30 in various animals. 

The chromosomal location of SMP30 gene was de¬ 
termined by using human SMP30 cDNA as a probe. The 
regional mapping in various rodent-human somatic hy¬ 
brids indicated that the gene is located on the X pi 1,3- 
q.11.2 segment’. This gene thus may be a candidate for 
one of the X-linked diseases mapped to this region. 

Genomic organization, transcription initiation 
sites, and 5' flanking sequence of SMP30 gene 

To understand the regulatory mechanism of SMP30 ex¬ 
pression, we isolated mouse genomic locus encompass¬ 
ing SMP30 gene, and characterized the putative 
promoter and cw-regulatory sequences in its 5' flanking 
region . Analysis of the genomic clone revealed that the 
SMP30 gene consists of 7 exons and 6 introns, spanning 
approximately 17.5 kb. Primer extension analysis re¬ 
vealed that two major transcription initiation sites are 
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P^/1')L I i lC( F(^(jRD y SEirPVTX'ARDCMgAECn[ .1 iRQPDAGNIFKTTGLGVKGIAPY5YAGi 

PVTJI,TTS( Y'FGGKfgY-SEMY^/TC/kRDGMIlteLGI^RgpBAGglFKITGLGVKG-IAPYSYAG 
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Figure 4 Alignment of SMP30 amino acid sequences of mouse, rat and human. Sequences highlighted in black arc those 
onserved m mouse, rat and human. (T. Fujita et al., Biochim. Biophys. Acta, 1996, 1308, 49-57.) 
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Figure 5. Piiiative transcription factor binding sites of mouse 
SMP30 gene. Transcription initiation sites are indicated by arrows 
and referred to as +1 and +2. 


located at 101 bp and 102 bp upstream from ATG 
translation initiation codon^. Putative transcription fac¬ 
tor-binding sites of mouse SMP30 gene are illustrated in 
Figure 5. The nucleotide sequence of 5' flanking region 
shows a TATA-like sequence, a CAAT box, and Sp-1 
sites at nt -29, -72 and -169 in the promoter region, 
respectively. Interestingly, we find binding sites for two 
classes of C/EBP transcription factors which are highly 
expressed in the liver, in addition to AP-2, AP-1, 
GATA-1 and AP-l/GRE. These results provide impor¬ 
tant clues for the understanding of the regulatory 
mechanism(s) of SMP30 and its relationship to aging. 

Coordinated up-regulation of SMP30 with 
tissue maturation and its down-regulation with 
aging 

Northern blot and immunohistochemical analyses of rat 
tissues showed that SMP30 was specifically expressed 
in the liver and kidney where its immunoreactivity was 
localized in the hepatocytes and the renal tubular epi¬ 
thelial. Immunoelectron microscopic examinations 
showed that SMP30 was restricted in the cytosol of 
these cells. 

As mentioned earlier, the amount of SMP30 in aged 
rat liver decreased significantly. However, its expression 
in the liver and kidney during the embryogenesis and 
maturation of these tissues had not been investigated. 
Therefore, we studied the expression of SMP30 in em¬ 
bryonic, neonatal, young, adult and senescent rats 
(Figure 6)*"^. No transcript was detected in the liver and 
the kidney at embryonic day 18. Northern blot analysis 
showed a characteristic increase in SMP30 mRNA in the 
livers of neonatal and young rats. Western blot analysis 
showed that the expression of SMP30 protein started to 
increase at neonatal day 7 and rapidly reached a plateau 
at day 10. Substantial levels of protein and transcripts 
were maintained in adult livers until 3-6.5 months of 


age. In the kidney, SMP30 mRNA and protein started to 
increase at day 21 and reached a maximal level at day 
35. The levels of transcript and protein were maintained 
at high levels in adult kidneys up to 3 months of age. As 
age progressed to senescent stages, the levels of tran¬ 
script and protein significantly decreased both in the 
liver and the kidney. In this study, the higher expression 
of SMP30 in the adult stages suggests that SMP30 is 
required for the maintenance of differentiated hepato¬ 
cytes and renal tubular epithelia. 

Discussions and perspectives 

Using a special two-dimensional electrophoresis (2D- 
CAME), we detected and isolated a hepatic protein 
which decreased in an androgen-independent manner 
with aging. We designated it as senescence marker pro- 
tein-30 (SMP30) since this soluble protein was a single 
polypeptide with a molecular mass of 30 kDa. The first 
notable character of SMP30 is its androgen-independent 
expression. Its level decreases with aging both in male 
and female livers. We described two prominent proteins 
that decreased with aging (Figures 1 and 2) that were 
identified by their p/values of 4.9 and 7.3. The amount 
of SMP30 was not affected by castration, whereas the 
p/7.3 protein significantly decreased under this situa¬ 
tion. This noteworthy decrease in p/7.3 protein agrees 
with several reports on sex differences in age-associated 
changes in gene/protein expression in the rat liver^"^’^^. 

Next we isolated and characterized cDNAs encoding rat, 
mouse and human SMP30. The alignment of amino acid 
sequences in these animals showed the highly conserved 
primary sequence of SMP30 from rodents to humans. 

Tissue distribution of SMP30 was specific in hepato¬ 
cytes and renal tubular epithelia, suggesting a pivotal 
role of SMP30 in the liver and the kidney. Following 
our findings, Shimokawa and Yamaguchi reported a 
cDNA clone encoding a rat hepatic protein which was 
identical to SMP30. They had characterized this protein 
as a calcium-binding protein and called it as regucalcin 
(RC)^^ Regucalcin shows reversible effects in the acti¬ 
vation and inhibition of various enzymes by Ca^"^ in liver 
cells^^. Their findings suggest that SMP30/RC may act 
as a modulator of liver cells that are regulated by Ca^"^. 
As would be expected from its characterization, we 
speculate that SMP30 may play an important role in in¬ 
tracellular calcium homeostasis and in the modulation of 
effector molecules including some hepatic enzymes that 
require calcium for their action. Furthermore, the de¬ 
crease in SMP30 during the aging process may lead to 
senile alterations in the buffering capacity for calcium, 
and dysregulation of calcium signals in aged livers and 
kidneys. However, as for the physiological roles of 
SMP30, studies using hepatocytes or renal tubular 
epithelia had so far not been undertaken. Hence we 
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were analysed by ‘mrauno-^ot blot analy^s^^iow/r^'mRNA^tveh^w^^^ to senescence. Upper, the protein levels 

w.th poly(A)^ binding protein (PABP) as control. (Modified from T. Fujita et al, mIITs^Z S..T996!'87™i9-?29.r' 
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Figure 7. Hypothetical scheme for age-associated decrease in SMP30 or calbindin. 


established stable HepG2 (a human hepatocellular car¬ 
cinoma cell line) and LLC-PKl (a swine renal tubular 
epithelial cell line) transfectants expressing high 
amounts of human SMP30. To assess its physiological 
roles in calcium homeostasis, we are investigating the 
effect of SMP30 on Ca^* pump activity in plasma mem¬ 
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brane in these cells. Ca^"^ efflux from both SMP30 trans¬ 
fectants was significantly enhanced in comparison to 
mock transfectants (data not shown), suggesting that 
SMP30 may modulate the activity of plasma-membrane 
Ca^^-pumping ATPases. In addition, SMP30 transfec¬ 
tants survived more efficiently than mock transfectants 
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when cell death was induced by Ca^'^ influx with calcium 
ionophore (data not shown). These lines of evidence 
suggested that SMP30 may regulate the cytosolic Ca^”^ 
levels by modulating the activity of the plasma- 
membrane Ca^^-pumping ATPases in HepG2 and LLC- 
PKl [Fujita et al, in preparation]. 

Among calcium-binding proteins, we compared the 
expression of SMP30 with another tissue-specific cal¬ 
cium-binding protein, calbindin-D 28 kDa, preferen¬ 
tially expressed in brain and kidney. The amount of 
calbindin-D 28 kDa also decreased with aging in the 
cerebellum of rats and humans^^’^^. Interestingly the ex¬ 
tent of decrease in the aging process is quite comparable 
to SMP30, These two molecules shared similarities as 
follows; i) their expression is developmentally regulated 
in a tissue-specific manner, ii) overexpression of these 
molecules rescues the cells from apoptosis caused by 
calcium ionophore^^. These remarkable similarities be¬ 
tween SMP30 and calbindin may contribute to the un¬ 
derstanding of ‘calcium homeostatis in aging’. Figure 7 
represents our hypothetical scheme for age-associated 
decrease in SMP30 or calbindin. In aged tissues, ex¬ 
pression of genes for SMP30 or calbindin is decreased. 
This age-dependent decrease may induce the dysregula- 
tion of calcium homeostasis, which may result in the 
alteration of signaling system in aged tissues. Conse¬ 
quently, such alterations may account for the age- 
associated deterioration of cellular functions in tissues 
and organ systems. Without proper calcium homeostasis, 
cells fail to respond properly to various harmful stimuli. 
Our results suggested that the age-associated decrease of 
SMP30 in liver and kidney may increase the tissue sus¬ 
ceptibility for harmful stimuli in aged tissues. 
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A growing body of knowledge supports the idea that 
the replicative lifespan of individual cells is closely 
related to the in vivo lifespan of humans. Cultured 
human diploid fibroblasts normally undergo a lim¬ 
ited number of population doublings before they 
activate an intrinsic growth-limiting program culmi¬ 
nating in cellular senescence. Molecular studies of 
this aging program have begun to reveal some details 
of the underlying mechanisms and have suggested 
how their abrogation contributes to cellular immor¬ 
talization and tumorigenesis. This review examines 
the role of some positive and negative growth- 
regulatory processes in the human diploid fibroblast 
model of cellular senescence that are being examined 
in our group. Evidence that hyperphosphorylation of 
serum response factor underlies the senescence- 
associated loss of Eos transcription factor activity is 
discussed. The role of key regulators of cell-cycle 
progression in senescence is reviewed, including 
the elevated expression of D-type cyclins and the 
augmented expression and/or activity of ‘tumor sup¬ 
pressor’ genes whose functions are lost in tumori¬ 
genesis. The role and regulation of attrition of 
telomeres in the initiation of the senescent state is 
also discussed. 


Human diploid fibroblasts are mortal cells that normally 
undergo a limited number of mean population doublings 
(MPDs) in vitro before proliferation progressively slows 
and ceases . This state of cellular (or replicative) senes¬ 
cence appears to reflect the activation of an intrinsic, 
growth-limiting program by a mechanism that counts the 
number of cell divisions experienced by the cells. Cellu¬ 
lar senescence manifests itself as a dominant phenotype, 
as fusion with senescent cells or microinjection with 
their mRNA inhibits replication in cells otherwise com¬ 
petent for replication^ The relevance of this phenome¬ 
non to the aging of organisms is supported by 
observations such as the inverse correlation seen be¬ 
tween the average number of MPDs experienced by cells 
before senescence and the age of the donor from which 
they were derived^’^*. Moreover, the maximum number of 
MPDs that cells of various species can attain before 


*For correspondence, (e-mail: kriabowo@acs.ucalgary.ca) 


becoming senescent is directly related to the average 
lifespan of that species . In addition, certain senescence- 
associated gene products are expressed in cells from indi¬ 
viduals of advanced age^ Cells from individuals with pre¬ 
mature aging syndromes such as progeria and Werner’s 
syndrome^ or with deficiencies in certain DNA repair 
functions^ also display premature senescence in culture. 
Both aging and premature aging syndromes also predispose 
to various tumors, presumably reflecting the escape of tu¬ 
mor cells from growth inhibitory influences that include the 
activation of a cellular senescence ‘program’. 

Cellular senescence superficially resembles quies¬ 
cence induced by either serum starvation or contact in¬ 
hibition in that cells become arrested at a similar phase 
of the cell cycle^*^®. The cell cycle (Figure 1) includes a 
gap phase (Gj), during which the commitment to cell 
cycle progression and preparation for DNA synthesis 
occurs; S phase, during which DNA synthesis occurs; a 
second gap phase (G 2 ) wherein preparation for cell di¬ 
vision occurs; and mitosis (M), in which cell division is 
completed. Under mitogenic conditions, daughter cells 
then progress once more through Gj phase, whereas in 
quiescence or senescence, the cells become locked in 
Gplike states referred to as Go and Gs, respectively.’ Gs 
is fundamentally different from Gq in that senescent 
cells lose the ability to initiate cell cycle entry under 
otherwise mitogenic conditions. It is not completely 
clear how cells become arrested in Gs, but the process 
appears to involve loss of growth-promoting mitogenic 
signalling, activation of growth inhibitors such as tumor 
suppressor genes and aberrant expression of some cell 
cycle regulators. 

An emerging model of cellular senescence that is in¬ 
creasingly supported by experimental observations sug¬ 
gests that growing human fibroblasts are normally 
destined to experience a loss of growth potential and 
enter a senescent state via a ‘mortality’ (Ml) pathway 
(Figure 2). Fibroblasts can be induced to bypass this Ml 
pathway, either by directly disrupting tumor suppressor 
genes or by introducing viral oncoproteins, but the ex¬ 
tended proliferative lifespan experienced by those cells 
is also limited. Cells in this alternative ‘M2’ pathway 
soon enter a state termed crisis that somewhat resembles 
apoptosis, the programmed cell death pathway that 
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Figure 1. Cell-cycle associations of cyclin/CDK complexes. Cyclin 
D1 is expressed in Gi phase and forms kinase complexes with CDK4 
and 6. Cyclin E is expressed in mid Gi/S phases and forms active 
kinase complexes with CDK2. Cyclin A/CDK2 complexes are active 
in late Gi/S phases, and cyclin B/CDKl complexes are active in late 
G2/M phases. Cyclin D2 expression is maximal in Go and Gs, while 
cyclin in D1 expression is elevated in Gs but not Gq. However, both 
are associated with inactive CDK2 in Gs. The constitutive activation 
of tumor suppressors (TS) such as Rb and p53 act to prevent exit 
from Gs. 


PROLIFERATION-COMPETENT 





+/- Additional mutations 




IMMORTAL CANCER CELL 
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Figure 2. Senescence and its abrogation in human diploid fibro¬ 
blasts. Fibroblasts normally undergo 40-80 mean population dou¬ 
blings before activation of a senescence program in a ‘Mortality 1’ 
(Ml) pathway. The growth arrest characteristic of senescence is 
accompanied by changes in gene expression and activity indicated in 
the figure. Cells can escape from this Ml fate by blocking certain 
growth inhibitors, either directly or by addition of transforming on¬ 
cogenes, allowing an additional 10-30 MPDs before cells enter 
‘crisis’ and die. Cells can also infrequently escape this ‘M2 path¬ 
way’, acquire telomerase activity and become immortal during pro¬ 
gression to malignant cancer. 


normally acts to remove cells during embryonic devel¬ 
opment and in various proliferative tissues of mature 
organisms, which can be activated in cells by DNA 
damage^\ Additional perturbations are believed to be 
required for the acquisition of immortality that is char¬ 
acteristic of most cancers in vivo and of all established 
cell lines. At least one of these additional events might 
be the activation of telomerase, an enzyme required to 
synthesize repetitive DNA elements at the ends of chro¬ 
mosomes where DNA polymerase is unable to func- 
tion^^’^^. In fact, the lack of telomerase activity in 
normal human fibroblasts may also play an important 
role as part of the molecular clock that activates senes¬ 
cence, as chromosomal shortening through successive 
rounds of replication might signal the onset of senes- 

14 

cence . 

The remainder of this review covers some molecular 
aspects of replicative senescence that are currently being 
examined in our laboratory. 


Transcription factors in cellular aging; loss of 
positive growth regulators 

The rapid induction of cellular ‘immediate early* gene 
transcription mediated by modification of pre-existing 
transcription factors in mitogen-stimulated cells sug¬ 
gests a role for these genes as a molecular switch that 
activates subsequent cell cycle events in quiescent cells. 
For example, addition of mitogens to serum-starved, 
growth-competent cells induces rapid transcriptional 
activation of the c-fos immediate early gene which itself 
encodes a transcriptional activator with growth- 
promoting properties'^. The Fos protein forms a part of 
the Activating Protein 1 (API) complex that binds to the 
API concensus sequence in promoters of various down¬ 
stream effectors and regulates their expression. Fos ac¬ 
tivity has been shown in several independent studies to 
be required for cell growth^^-^^, but this activity is lost 
in senescent fibroblasts as they become refractory to 
mitogenic stimulation^^"^^, an effect that appears to be 
due, in part, to modification of transcription factors that 
regulate the promoter of the c-fos gene^^. 

Transcriptional regulation of c-fos occurs through 
several elements present in the promoter of this gene, 
but the element that appears most affected by cellular 
aging is the serum response element (SRE), a 20-bp se¬ 
quence that binds to a variety of proteins and which is 
both necessary and sufficient for response to mito- 
gens^^’^^. Perhaps the best-characterized protein that 
regulates SRE activity is the serum response factor 
(SRF), a 67 kDa protein that specifically binds to the 
SRE as a homodimer and itself is regulated by its asso¬ 
ciation with a variety of other nuclear proteins^^’^'. The 
reduced levels of c-fos transcription in senescent cells is 
associated with a dramatic reduction in the binding of 
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SRF to SRE^^. While SRF protein level is maintained 
during senescence, its ability to bind SRE elements is 
lost, most likely due to hyperphosphorylation of SRF. 
Since the SRF protein contains an unusually large num¬ 
ber of phosphorylatable residues^“’^\ it may be the tar¬ 
get of multiple kinases and phosphatases that are 
affected by cellular aging. Current studies are directed 
towards distinguishing the residues of SRF that serve as 
substrates for senescence-associated hyperphosphoryla¬ 
tion and identifying the senescence-associated kinases or 
kinase regulators that'direct hyperphosphorylation and 
inactivation of SRF. 

Senescence and the cell cycle machinery 

The cell cycle is regulated at various phases by the ac¬ 
tivity of the cyclin gene family, whose functions are 
conserved in organisms as broad ranging as yeasts and 
humans . Many of the cyclin genes are expressed and 
act within a narrow window at characteristic phases of 
the cell cycle (Figure 1). The encoded proteins are 
thought to drive the cell cycle by binding and activating 
specific cyclin dependent protein kinases (CDKs), which 
then phosphorylate specific targets at specific phases of 
the cycle. For example, mammalian D-type cyclins 
(cyclins Dl, D2, D3) share some homology with yeast 
Gi cyclins and associate with CDK2, 4 and 6 (ref. 33). 
Expression of cyclin Dl is mitogen responsive^''"^® and 
microinjection of cyclin Dl antibodies has been re¬ 
ported to inhibit progression through Gi (ref. 37-39), 
suggesting that this cyclin acts as a positive regulator 
early in the cell cycle. Cyclins E (mid Gl/S phases), A 
(late Gl/S phase), and B (M) associate with mostly dis¬ 
tinct sets of CDKs (CDK2, CDK2 and CDKl, respec¬ 
tively; see Figure 1). 

A variety of other growth-related proteins act by di¬ 
rectly modifying the activity of cyclins/CDKs. For ex¬ 
ample, the related p21(SDI/CIP/WAF), p27(KIP) and 
p57(KIP2) proteins contain domains that can bind and 
inhibit cyclin/CDK complexes, thereby inhibiting cell- 
cycle progression'"’’"*'. Transcription of the p21 gene is 
also induced by the activity of the p53 tumor suppressor 
protein‘‘^ suggesting that it is an effector of p53- 
mediated cell cycle arrest (see below). Indeed, ectopic 
overexpression of p21 or p27 can also inhibit cell cycle 
progression. However, more recent evidence suggests 
that the effects of p21 and related proteins on the activ¬ 
ity of cyclins/CDKs are dependent on stoichiometry, 
with low concentrations of these proteins actually acti¬ 
vating cyclin/CDK complexes'*^ A second family of 
cyclin inhibitors are exemplified by the pl6 
(INK4/MTS1) protein which binds to CDK4 and CDK6, 
preventing association with, and activation by, D-type 
cyclins'"’""'. The growth-inhibitory role of pi6 may be 
less ambiguous than that of p21, as the pi6 gene is also 
considered a strong candidate tumor suppressor gene"'^"'**. 
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The D-type cyclins have traditionally been viewed as 
growth stimulatory genes since cyclin D/CDK com¬ 
plexes are thought to contribute to the hyperphosphory¬ 
lation of the retinoblastoma protein (Rb) that occurs 
progressively throughout late G, and S phases (see be¬ 
low). Consistent with this idea, both cell cycle progres¬ 
sion and Rb hyperphosphorylation fail to occur in 
senescent cells^®’'*^’^". However, the expression of D-type 
cyclins is actually increased in senescence^'”’’"' and tran¬ 
sient ectopic overexpression of cyclin Dl can also in¬ 
hibit proliferation in otherwise competent cells^^'^^. Our 
data so far indicate that senescence-associated upregu- 
lation of cyclin Dl occurs via a transcriptional mecha¬ 
nism, and studies to identify the relevant promoter 
elements are currently underway. We also find that cy¬ 
clin D2 is upregulated in senescence and is growth in¬ 
hibitory when ectopically overexpressed^®. Unlike other 
D-type cyclins. however, cyclin D2 is also upregulated 
during Quiescence induced by serum starvation or by 
contact inhibition, and so it appears to play a growth- 
inhibitory role in both Gq and Gj (Figure 1). It remains 
to be determined whether this effect of D-type cyclins 
represents a stoichiometry-dependent effect, similar to 
that suggested for p21 (ref. 43), which might suggest 
that the degradation of Gi cyclins in cyclin/CDK com¬ 
plexes, like those of Gz cyclins in M-phase complexes”, 
is required for progression of the cell cycle. On the 
other hand, some functions of D-type cyclins may not 
directly involve CDKs. For example, inhibition of the 
major catalytic partner of cyclin Dl, CDK4, with a 
dominant negative mutant has been reported to have 
little effect on cell-cycle distributional In fact, much of 
the cyclin Dl and D2 in senescent cells actually appears 
to be associated with inactive CDK2 (ref. 51, 56). 

The increased expression of cyclin Dl and the de¬ 
creased expression of mitotic cyclins^*’^"'’^® during cellu¬ 
lar aging support an arrest in a Gplike state. 
Nevertheless, cyclin D2 levels more closely resemble 
those seen in Gq (ref. 56), and some S-phase gene ex¬ 
pression has also been reported in senescent cells”. 
Hence, Gs shares some characteristics of Go, G] and S 
phases despite the loss of proliferative potential in se¬ 
nescent cells. 

Other factors that are likely to contribute to growth ar¬ 
rest in senescent cells include elevated expression of 
both the p21 and pl6 CDK inhibitors”’^"*’^®’”. The over- 
expression of p21 in senescent cells could conceivably 
surpass the stoichiometry required for its synergistic 
effects on cyclin D/CDK activity, whereas titration of 
CDKs by pl6 might also make D-type cyclins available 
for association with atypical CDK partners. Interest- 
homozygous deletion of the p21 gene in human 
fibroblasts has also recently been reported to allow cells 
to bypass the Ml pathway^^, thus further implicating its 
elevated expression as an active component of the se¬ 
nescence phenotype. However, given the positive regu- 
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latory role of low p21 levels''^ the subtlety of effects 
observed in mice lacking a functional p21 gene*^^ and the 
paucity of data indicating its loss in human tumors, it seems 
unlikely that p21 functions as a tumor suppressor. 

A role for the Rb and p53 tumor suppressor 
genes in senescence 

The study of tumor suppressor genes originated with a 
mathematical model that described a protective role for 
a gene lost during the progression of the hereditary eye 
cancer, retinoblastoma^"^. The isolation of the Rb gene 
and manipulation of this gene in the mouse has con¬ 
firmed that loss or mutation of the Rb gene also predis¬ 
poses mice to some additional forms of cancer^^. During 
cell-cycle entry of quiescent cells, the Rb nuclear pro¬ 
tein becomes progressively phosphorylated beginning in 
Gi and reaching a maximum in late Gi or early S phase, 
an event that is likely due, in part, to the activation of 
various cyclin/CDK complexes acting at these phases of 
the cell cycle^^. This is believed to dissociate Rb- 
containing protein complexes and allow further cell- 
cycle progression. Indeed, the mechanisms used by some 
viral oncoproteins to promote cell immortalization in¬ 
clude binding and inactivating tumor suppressor pro¬ 
teins such as Rb and p53 (Figure 2). Hence, p53 and Rb 
play important growth limiting roles that must be over¬ 
come during progression to cellular immortality. 

The p53 gene is perhaps the quintessential tumor sup¬ 
pressor gene as its somatic mutations cause as many as 
50-60% of spontaneous human cancers, and germ-line 
mutations of p53 are responsible for Li-Fraumeni syn¬ 
drome, an inherited predisposition to various cancers^^. 
The negative growth-regulatory role of the p53 nuclear 
phosphoprotein is thought to be an important factor in 
various ‘checkpoints’ throughout the cell cycle where 
progression can be paused to effect repairs^^ The 
mechanisms employed by p53 appear to be numerous 
and include a general inhibition of transcription as well 
as site-specific activation of certain target genes. 

Consistent with a role for Rb and p53 in cellular ag¬ 
ing, both proteins are constitutively active in senescent 
cells^’^^’"^^’^^’*^^, and selective inhibition of Rb and/or p53 
function can extend the proliferative lifespan of cultured 
human diploid fibroblasts^^"^"^. One plausible mechanism 
by which p53 may contribute to senescence-associated 
growth arrest is by upregulating the expression of cer¬ 
tain target genes, including those encoding insulin-like 
growth factor-binding protein 3 (ref. 75), cyclin D1 (ref. 
76) and p21 (ref. 42). 

The INGl candidate tumor suppressor gene in 
senescence and tumorigenesis 

We recently cloned a novel growth inhibitor and candi¬ 
date tumor suppressor gene, called INGl (for /7/hibitor 
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of Growth) using a method that combined subtractive 
hybridization of cDNAs from normal and cancerous 
cells with an in vivo selection assay^^. The encoded 
33 kDa nuclear protein bears little homology to other 
known proteins, but like other growth suppressive genes, 
its ectopic overexpression inhibits cell cycle progres¬ 
sion. INGl is located on chromosome 13q33-34 (ref. 
78), a site that has also previously been implicated in 
the progression of various tumors^^"^^. It also appears to 
have a role in cell death as its expression confers sensi¬ 
tivity to apoptosis mediated by expression of c-myc in 
P19 teratocarcinoma cells whereas antisense expression 
protects them from c-myc-induced apoptosis^^. Expres¬ 
sion of INGl is regulated through the cell cycle, de¬ 
creasing as cells exit Gq and increasing again during late 
Gi to reach a plateau in S phase®"^. 

A role for INGl in cell aging was first suggested by 
the dramatic accumulation of transcripts and protein as 
human fibroblasts approached senescence^"^. Antisense 
inhibition of INGl expression was subsequently found 
to extend the proliferative lifespan of these cells to an 
extent similar to that observed when either p53, Rb, p21 
or pi6 functions are inhibited. Hence, functional loss of 
INGl might contribute to tumorigenesis either by de¬ 
creasing the capacity of the cells to undergo apoptosis 
and/or by allowing cells to escape the Ml pathway. 
Consistent with this idea, we have found that although 
mutation of INGl may be rare, the levels of INGl ex¬ 
pression are dramatically down-regulated in different 
cancers, including brain tumors wherein at least 50% of 
primary tumors show complete loss of INGl expres- 
sion^^’^^. Assessment of the possible role of INGl in 
tumorigenesis should also be assisted by studies to fur¬ 
ther clarify the activities and interactions of this unique 
gene. 

Telomeres and telomerase in cell aging and 
immortality 

Maintenance of chromosomal termini through succes¬ 
sive rounds of cell division requires the activity of te¬ 
lomerase, an unusual protein- and RNA-containing 
reverse transcriptase which synthesizes telomeric re¬ 
peats (TTAGGG) de novo onto chromosomal termini^^. 
While telomerase is expressed in most immortal cells, 
developmental repression of telomerase activity results 
in division-dependent attrition of telomeric DNA in hu¬ 
man somatic cells^^. Thus, progressive telomere shorten¬ 
ing in these cells might, somehow serve to couple the 
activation of a cellular aging program to the cells’ pro¬ 
liferative history. Moreover, activation of telomerase 
may be a key step in the acquisition of unlimited prolif¬ 
erative ability by preventing progressive chromosomal 
degradation as cells divide^"^. 

We have focused on the identification of regulatory 
pathways controlling telomerase activity during differ- 
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entiation and growth arrest of immortal cells. Many im¬ 
mortal cell lines which retain the ability to differentiate 
also repress telomerase activity in response to differen¬ 
tiating agents^^’^^, and hence they may represent useful 
model systems to study the regulation of telomerase ac¬ 
tivity. Our results to date indicate that repression of te- 
lo.merase activity during differentiation is a complex 
process involving both cell cycle-correlated and cell 
cycle-independent mechanisms. In fact, telomerase ac¬ 
tivity is also down-regulated in some tiimor-cell types 
that continue to proliferate and remain immortal in a 
state of induced differentiation, while regulation of te¬ 
lomerase activity in other cell lines more closely paral¬ 
lels that of the cell cycle. Presumably, these conflicting 
mechanisms might reflect cell type-specific differences 
in the regulation of telomerase activity. This also sug¬ 
gests the possibility that cell type-specific telomerase 
inhibitors could be used to selectively inactivate telom¬ 
erase in tumor cells while sparing self-renewing, immor¬ 
tal stem cells that also rely on telomerase. 

Further support for cell type-specific telomerase 
regulation has come from a more detailed study of the 
multipotential HL-60 promyelocytic leukemia cell line 
in which the regulation of telomerase activity has been 
followed during differentiation along various he¬ 
matopoietic lineages. In these cells, repression of telom¬ 
erase activity can be blocked with a potent serine 
protease inhibitor during monocytic, but not granulo¬ 
cytic, differentiation. Kinetic studies with the protein 
synthesis inhibitor, cycloheximide, further support a role 
for proteolysis in the repression of telomerase activity 
during monocytic differentiation. 

In order to facilitate more detailed studies of the 
mechanisms underlying regulation of telomerase activ¬ 
ity, we are using a yeast 3-hybrid screen^^, which iden¬ 
tifies RNA-binding proteins (similar to the yeast two- 
hybrid system for identifying interacting proteins), to 
identify possible negative regulators of telomerase 
which bind specifically to its RNA component! Five 
strong candidates for human telomerase RNA-binding pro¬ 
teins have so far been isolated and are presently being ana¬ 
lysed for expression patterns in mortal and inunortal cells. 

Summary 

Molecular analyses of cellular senescence in human 
diploid fibroblasts are beginning to reveal details of the 
growth-inhibitory mechanisms that underlie this phe¬ 
nomenon. These include several interrelated processes 
such as: 1) reduced expression of some growth- 
promoting genes, exemplified by the Fos transcription 
factor; 2) aberrant regulation of many cell cycle regula¬ 
tors, such as cyclins, CDKs and CDK inhibitors,whose 
relative levels appear to be important during senescence; 
3) the enhanced expression or activity of growth inhibi- 
torsUumor suppressors such as p53, Rb, INGl, p21 and 
882 


pi6, and 4) down-regulation of telomerase activity 
leading to cell division-dependent attrition of telomeres 
that may act to initiate senescence. Many other genes 
whose growth-regulatory roles are less readily distin¬ 
guished are also regulated differentially in senescence. 
Therefore, further studies of their expression in senes¬ 
cence should also reveal as yet undiscovered mecha¬ 
nisms contributing to the growth arrest characteristic of 
senescence. It is becoming clear that many of the gene 
products contributing to cellular senescence are also 
those whose altered functions contribute to progression 
of malignancy. Hence, the growing model of their func¬ 
tions and interactions should also prove useful in the 
future to design rational therapies for human cancers. 
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Ageing is a complex biological phenomenon of im¬ 
mense importance. As all ageing changes have a cel¬ 
lular basis, the phenomenon is best studied at 
cellular level under defined and controlled environ¬ 
mental conditions. Molecular biology techniques 
have been applied to cultured mammalian fibroblasts 
to evaluate the leading hypotheses. The study of the 
difference in signalling pathways between young and 
senescent cells has given evidence of the involvement 
of several known genes, including oncogenes, onco¬ 
suppressor genes, cell cycle control genes and their 
inhibitors, during the in vitro ageing process. Fur¬ 
thermore, applications of different cloning ap¬ 
proaches have resulted in the identification of 
several additional genes that are associated with 
cellular ageing such as fibronectin, osteonectin, 
al-procollagen, Apo J, SM22, prohibitin, SAG, 
vimentin, and mot-1 genes. The results of these in 
vitro studies may advance our understanding of in 
vivo ageing and focus future research efforts. The 
ultimate target is to provide the scientific foundation 
to enhance the quality of life for people suffering 
from deteriorating ageing process. 


Cellular senescence 

Cellular senescence is a term that describes the physio¬ 
logical processes that a cell culture undergoes when it 
reaches the end of its proliferative life span. The ageing 
of a whole organism is by far a more complex and so¬ 
phisticated process that involves biological changes in 
many organ systems that lead to the eventual decline of 
the organism. Since the study of ageing of an organism 
is prohibitively complex, models of in vitro ageing sys¬ 
tems have been established as tools to investigate the 
genetic and physiological changes that occur at the cel¬ 
lular levels. In vitro models of cellular senescence have 
been developed for a variety of cell types, including 
fibroblasts\ endothelial cells^, keratinocytes^ and lym¬ 
phocytes'^. 

Normal diploid fibroblasts during serial subculturing 
undergo a period of rapid proliferation followed by a 
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progressive loss of replicative capacity, manifested as 
slower population growth rates. The cell population in 
culture finally reaches a state of growth arrest where all 
cells fail to divide. During this period, cells undergo a 
multitude of age-related changes culminating in the 
complete inhibition of cellular proliferation^ Senescent 
cells may be maintained in culture for a prolonged pe¬ 
riod of time, they become bigger, more flattened and 
irregular in shape, their cytoskeletal network is organ¬ 
ized differently and the constitution of their cell mem¬ 
brane is changed^"^. 

Difference in expression of genes in signalling 
pathways between proliferating and senescent 
cells 

One approach used to study senescence is to understand 
the differences in expression of genes involved in dif¬ 
ferent signalling pathways between proliferating and 
senescent cells. The expression of genes, such as his¬ 
tone and insulin-like growth factor-binding protein-3 
(ref. 11) is higher in senescent cells than in their prolif¬ 
erating cell counterparts. In addition, in some cellular 
systems (human fibroblasts, rat brain), the genes encod¬ 
ing for ornithine decarboxylase^®, c-myc, H-ras and 
thymidine kinase^^ are still mitogen-responsive in 
stimulated senescent cells, while c-fos gene is down- 
regulated^^ The loss of c-fos gene expression in these 
senescent cells in turn leads to loss of fos-jun het¬ 
erodimers, a complex of the AP-1 transcription factor 
family. In contrast, in senescent rat embryonic fibro¬ 
blasts serum stimulation leads to c-fos expression but 
not to c-myc^"^. These data demonstrate that the putative 
role of these genes in cellular senescence is likely to be 
species and perhaps tissue specific. 

In addition to the mentioned changes of gene expres¬ 
sion, detailed studies of the mechanisms of cell cycle 
progression have produced additional avenues of inves¬ 
tigation for potential mediators of cellular senescence 
(Table 1). The retinoblastoma (RB) protein is a tumour 
supressor gene product, that is lost in a variety of human 
tumours^^. The activity of RB proteins is regulated by 
phosphorylation which varies through the cell cycle. RB 
is active in its underphosphorylated form during the 
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Table 1. Regulation of cell cycle components in senescent and pro¬ 
liferating cells 


Cell cycle regulatory 
components 

Proliferating cells 

Senescent cells 

c-fos 

Increases Go/Gl 

varies in different 

c-myc niRNA^^’*"^ 

transition 

species/tissues 

Increases early G1 

varies in different 
species/tissues 

cdk2 mRNA^* 

Expressed 

Not expressed 

Cyclin A mRNA'"’’'" 

Cell cycle regulated 

Not expressed 

Cyclin C, D, E mRNA'"’ 

Cell cycle regulated 

Expressed 

E2F-1 mRNA''^ 

Increases through G1 

Present at low 
level 

p21 raRNA'"’^'* 

Expressed 

Elevated several 
fold 

RB protein'*'* 

Phosphorylated at Gl/S 

Underphos¬ 

phorylated 

Cyclin A, B proteins^® 

Cell cycle regulated 

Down-regulated 

MAP kinase'*" 

Expressed 

Expressed 

AP-1 (ref. 45) 

Expressed 

Expressed 

p53 (ref. 40) 

Expressed 

Expressed 


early and mid-Gl phase of the cell cycle, where it 
blocks cellular proliferation^^. Phosphorylation of RB 
by agents such as cyclins of the D class (Dl, D2, and 
D3) or cyclins E results in its functional inactivation. 
Other agents such as TGF-p, or cAMP, in turn, block 
RB phosphorylation by modulating the activities of the 
cdks that arc responsible for RB phosphorylation, 
thereby preventing the cell’s advance into late G1 (ref. 
17). Interestingly, senescent cells fail to phosphorylate 
Rb in response to mitogens^^. The underphosphorylated 
form of RB associates with members of the E2F tran¬ 
scription factor family (E2F-1, E2F-2 and E2F-3) as a 
complex with cyclins and cdks. E2F binding sites are 
found in the promoter elements of several cell growth 
regulated genes such as c-myc, N-myc, c-myby cdc2, 
thymidine kinase, DHFR, EGF receptor and E2F-1 gene 
itself^^. It is likely that RB regulates the transcription of cell 
growth regulated genes by sequestering E2F. Therefore, it 
is believed that RB function in the G1 phase of the 
cell cycle is to negatively regulate growth, and that 
RB phosphorylation inactivates these negative func¬ 
tions^^. 

An additional class of cell cycle regulatory molecules 
have been discovered that are known as C£/A:-inhibitors. 
Harper and co-workers^^ while screening for proteins 
that bind to cdk-cyclin complexes found a small 21 kDa 
protein that inhibits the kinase activity of these com¬ 
plexes. The p21 gene is a universal inhibitor of cyclin- 
dependent kinases^^ and a PCNA inhibitor^^ Interest¬ 
ingly, the p21 gene has also been found overexpressed 
in senescent fibroblasts^"^, while its expression correlates 
with terminal differentiation in several lineages^'"^, p21 is 
regulated by p53 (ref. 26), but can also be induced by 
other factors such as TGF-|3 (ref. 27). 
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Molecular markers of in vitro ageing 

Many different cloning approaches have been applied to 
identify the genes involved in the regulation of cellular 
ageing. Several genes have been cloned that include: 
prohibitin, that has been shown to block DNA synthesis 
in proliferating normal fibroblasts^^, vimentin that has 
been found overexpressed in senescent human diploid 
fibroblasts^^, SAG a marker of senescence in human 
diploid fibroblasts^® and motA, which is capable of in¬ 
ducing cellular senescence in NIH 3T3 cells^^ In addi¬ 
tion, Goldstein and his colleagues isolated 18 different 
cDNA clones encoding predominantly extracellular ma¬ 
trix proteins and repetitive sequences, which were found 
over-expressed in Werner’s Syndrome fibroblasts, as 
well as in senescent human diploid fibroblasts^^’^^, while 
Linskens and his colleagues identified several additional 
senescence-specific genes in human diploid fibro¬ 
blasts^"^. Finally, to isolate the genes that regulate cellu¬ 
lar ageing, we have employed a clonal system of 
conditional SV40 T antigen rat embryo fibroblast cell 
lines which undergo senescence upon T antigen inacti¬ 
vation^"^. Construction of cDNA libraries from two 
conditional cell lines and application of differential 
screening and subtractive hybridization techniques have 
resulted in the cloning of eight genes (SGP-2/Apo J, 
fibronectin, a-procollagen, SM22, osteonectin, GTP-a, 
cytochrome C oxidase and a novel gene) which were 
found over-expressed in the growth arrested conditional 
cells, as well as in rat and human fibroblasts undergoing 
ageing in vitro^^. However, recent experiments in human 
fibroblasts from several donors of different ages in our 
laboratory indicate that the expression of some but not 
all of the above senescence-induced genes is associated 
with ageing in vivo (Petropoulou & Gonos, unpublished 
data). Therefore, the relationship between in vitro data 
and in vivo ageing itself remains to be demonstrated, as 
well as whether the observed changes in the expression 
of genes cause cellular ageing or, whether the change in 
expression is a consequence of in vitro ageing. 

Conclusions 

Maximum life span varies between and within species 
and it is likely that there are particular genes which are 
involved in the ageing process. An insight into the na¬ 
ture of these genes is provided by evolutionary studies 
such as the antagonistic pleiotropy model^^, which pos¬ 
tulated that the ageing-facilitating genes have advanta¬ 
geous effects in the organism during the early phase of 
its life span (particularly during reproduction) and 
deleterious effects during later phases of the life span. 
The disposable soma theory^^ has formalized and devel¬ 
oped this concept. Ageing is perceived as a by-product 
of the optimization by natural selection for the repro- 
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ductive success of the organism and this is under genetic 
control. Although this model appears to satisfy the evo¬ 
lutionary paradox of how genes can evolve that cause 
deleterious effect on an organism, the precise biochemi¬ 
cal pathways which control the underlying partitioning 
of resources is unclear. Further research in this field will 
help not only to understand the mechanism of cellular 
ageing, but also to produce the future target therapeutics 
molecules for age-related diseases. 


1. Hayflick, L. and Moorhead, P. S., Exp. Cell Res,, 1961, 25, 
585-621/ 

2. Mueller, S. N., Rosen, E. M. and Levine, E. M., Science, 1980, 
207,889-891. 

3. Rheinwald, J. G. and Green, H., Cell, 1975, 6, 331-334. 

4. Tice, R. R., Scheneider, E. L., Kram, D. and Thorne, P., Exp, 
Med,, 1979, 149, 1029-1041. 

5. Derventzi, A., Rattan, S. 1. S. and Gonos, E. S., Anticancer Res., 
1996, 16, 2901-2910. 

6. Hayflick, L., N. Engl. J. Med,, 1976, 295, 1302-1308. 

7. Holliday, R., Understanding Ageing, Cambridge University 
Press, Cambridge, UK, 1995. 

8. Kanungo, M. S., Genes and Ageing, Cambridge University 
Press, Cambridge, UK, 1994. 

9. Gonos, E. S., Powell, A. P. and Jat, P. S., Int, J, Oncol., 1992, 1, 
209-213. 

10. Seshadri, T. and Campisi, J., Exp. Gerontol, 1989, 24, 515- 
522. 

11. Goldstein, S., Moerman, E. J., Jones, R. A. and Baxter, R. C., 
Proc, Natl Acad. Sci. USA, 1991, 9680-9684. 

12. Rittiing, S. R., Brooks, K. M., Cristofalo, V. J. and Baserga, R., 
Proc. Natl Acad. Sci. USA, 1986, 83, 3316-3320. 

13. Goyns, M. H., Charlton, M. A., Dunford, J. E., Lavery, W. L., 
Merry, B. J., Salehi, M. and Simoes, D. C. M., Mech. Ageing 
Dev., 1997, in press. 

14. Gonos, E. S., Burns, J. S., Mazars, R., Kobma, A., Riley, T. E. 
W., Barnet, S. C., Zafarana, G., Ludwig, R., Ikram, Z., 
Powell, A. J. and Jat, P. S., Mol Cell Biol, 1996, 16, 5127- 
5138. 

15. Friend, S. H., Bernards, R., Rogelj, S., Weinberg, R. A, Rapa- 
port. J. M., Altjert, D. M. and Dryja, T, P., Nature, 1986, 323, 
643-646. 

16. Gonos, E. S. and Spandidos, D. A., Cancer Mol Biol, 1994, 1 
27-34. 

17. Weiberg, R. A., Cell, 1995, 81, 323-330. 

18. Stein, G. H., Beenson, M. and Gordon, L., Science, 1990, 249, 
666-669. 

19. LaThangue, N. B., Science, 1994, 19, 108-114. 

20. Chen, P-L., Scully. P., Shew, J-Y., Wang, J. and Lee, W-H., 
Cell, 1989, 58, 1193-1198. 


21. Harper, J. W.. Adami, G. R.. Wei, N.. Keyomarsi, K. and 
Elledge, S. J., Cell, 1993, 75, 805-816. 

22. Xiong, Y., Hannon, G. J., Zhang, H., Casso, D., Kobayasi, R. 
and Beach, D., Nature, 1994, 366, 701-704. 

23. Waga, S., Hannon, G. J., Beach. D. and Stillman. B., Nature 
1994, 369, 574-578. 

24. Noda, A., Ning, Y., Venable, S. F., Pereira-Smith, 0. M. and 
Smith, J, R., Exp. Cell Res., 1994, 211, 90-98. 

25. Jiang, H., Lin, J., Su, Z. Z., Collart, F. R., Huberman, B. and 
Fisher, P. B.. Oncogene, 1994, 9, 3397-3406. 

26. El-Diery, W. S., Tokino, T., Velculescu, V. E., Levy, D. B., 
Parsons, R., Trent, J. M., Lin, D.. Mercer, W.E.. Kinzler, K. w! 
and Vogelstein, B., Cell, 1993, 75, 817-825. 

27. Datto, M. B., Li, Y., Panus, J. F., Howe, D. J., Xiong, Y. and 
Wang, X. F., Proc. Natl Acad. ScL USA, 1995, 92, 5545-5549. 

28. Nuell, M. J., Stwart, D. A., Walker, L., Friedman, V., Wood, C. 
M., Owens, G. A., Smith, J. R., Scheineider, E. L., SeirOrco! 

R. , Lumpkin, C. K., Danner. D. B. and Me Clung, J. K., Mol 
Cell Biol, 1991, 11, 1372-1381. 

29. Satoh, Y.. Kashimura, M., Kaneko, S., Karasaki, Y., Higashi, K. 
and Gotoh, S., Mutat. Res., 1994, 316, 25-36. 

30. Wistrom, C. and Villeponteau, B., Exp. Cell Res 1992 199 

355-362. ’ ’ ’ 

31. Wadhwa, R., Kaul, S. C., Sugimoto, Y. and Mitsui, Y., J, Biol 
Chem., 1993, 22239-22242. 

32. Murano, S., Thweatt, R., Reis, R. J. S., Jones, R. A., Moerman, 
E. J. and Goldstein, S., Mol Cell Biol, 1991, 11, 3905-3914. 

33. Lecka-Czernik, B., Moerman, E. J., Jones, R. A. and Goldstein, 

S. , Exp. Gerontol, 1996, 31, 159-174. 

34. Linskens, M. H. K., Feng, J., Andrews, W. H., Enlow, B. E., 
Saati, S. M., Tonkin, L. A., Funk, W. D. and Villeponteau, B., 
Nucleic Acids Res., 1995, 23, 3244-3251. 

35. Gonos, E. S., Derventzi, A., Kveiborg, M., Agiostratidou, G., 
Kassem, M., Clark, B. F. C., Jat, P. S. and Rattan. S. I. S., Exp. 
Cell Res., 1998, 240, 66-74. 

36. Williams, G. C., Evolution, 1957, 11, 398-411. 

37. Kirkwood, T. B. L. and Rose, M. R., Philos. Trans. R. Soc. 
London, 1991,332, 15-24. 

38. Seshadri, T. and Campisi, J., Science, 1990, 247, 205-209. 

39. Stein, G. H., Drullinger, L. F., Robetorye, R. S., Pereira-Smith, 
0. M. and Smith, J. R., Proc. Natl Acad. Sci USA, 1991, 88, 
11012-11016. 

40. Afshari, C. A., Vojta, P. J., Annab, L. A., Futreal, P. A, Wil¬ 
lard, T. B. and Barrett, J. C., Exp. Cell Res., 1993, 209, 231- 
237. 

41. Gonos, E. S. and Spandidos, D. A., Cell Biol Int., 1996, 20, 
159-167. 

42. Afshari, C. and Barret, C., in Cellular Aging and Cell Death, 
Wiley-Liss Inc., 1996, pp. 109-121. 

43. Futreal, P. A. and Barrett, J. C., Oncogene, 1991, 6, 1109-1113. 

44. Riabowol, K., Schiff, J. and Gilman, M. Z., Proc. Natl Acad. 
Sci USA, 1992, 89, 157-161. 


886 


CURRENT SCIENCE, VOL. 74, NO. 10, 25 MAY 1998 






SPECIAL SECTION: MOLECULAR BIOLOGY OF AGEING 


Roles of mitochondrial DNA mutation and 
oxidative damage in human aging 


Yau-Huei Wei*, Cheng-Yoong Pang, Hsin-Chen Lee and Ching-You Lu 

Department of Biochemistry and Center for Cellular and Molecular Biology, National Yang-Ming University, Taipei, Taiwan 112, Republic of 


One of the consequences of the age-dependent de¬ 
cline of respiratory function is the increase in the 
production of reactive oxygen species (ROS) and free 
radicals in mitochondria due to enhanced electron 
leak of the respiratory chain. It has been shown that 
the rate of production of superoxide anion and hy¬ 
drogen peroxide in mitochondria increases with age. 
Moreover, the cellular levels of antioxidants and ac¬ 
tivities of free radical scavenging enzymes decrease 
during aging. These two concurrent events lead to an 
age-dependent increase of the oxidative stress, which 
may overwhelm the antioxidant defense system and 
cause oxidative damage to vital biomolecules in tissue 
cells. Abundant evidence now indicates that lipid 
peroxidation, protein modification, and DNA muta¬ 
tion are enhanced in aging tissues. The mitochondrial 
DNA (mtDNA) which is not protected by histones 
and yet exposed to ROS inside the mitochondria, is 
much more susceptible than nuclear DNA to oxida¬ 
tive insult during aging. In recent years, oxidative 
modification and mutation of mtDNA have been 
found to increase exponentially with age in human 
and animal tissues. The mutant mtDNA-encoded 
respiratory enzymes exhibit impaired respiratory 
function, and thereby increase the production of 
ROS and free radicals, which further elevate the 
oxidative stress and oxidative damage to mitochon¬ 
dria. In this article, we review the recent work per¬ 
taining to this ‘vicious cycle’ and discuss the role of 
mitochondria in human aging and age-related degen¬ 
erative diseases. 


Aging is a complex biological process that leads to the 
gradual loss of the ability of an individual to maintain 
homeostasis. It is accompanied by a general decline in 
the biochemical and physiological functions of most 
organs, a decrease in the ability of the individual to re¬ 
spond to challenges or stresses, and an increase in the 
susceptibility to age-associated diseases. 

About four decades ago, Harman^ first proposed that 
free radicals play a key role in the human aging process. 
He suggested that the accumulation of free radical- 
induced damage to vital molecules is an important cause 
of human aging. Subsequently, he re-shaped this ‘free- 


radical theory of aging’ and proposed that mitochondria 
are the major intra-ceilular target of free radical attack 
that leads to human aging^. Over the years, this theory 
has received much attention and gained much support 
from the molecular and cellular biological research on 
aging. Miquel and coworkers^ first provided significant 
support for this notion by showing that lipofuscin pig¬ 
ment formation and mitochondrial DNA (mtDNA) mu¬ 
tation in animal tissues increase during aging. On the 
basis of the previous findings that mitochondria are the 
major intracellular source of reactive oxygen species 
(ROS)"^ and free radicals, and that mtDNA is vulnerable 
to oxidative damage, Linnane et al^ proposed that 
accumulation of somatic mutations in mtDNA is a 
major contributor to human aging and degenerative 
diseases. 

Recently, we proposed that the production of ROS and 
free radicals in tissue cells increases during aging as a 
result of enhanced electron leak from the defective res¬ 
piratory chain, and that the ensued oxidative damage 
and mutation of mtDNA cause further impairment of the 
respiratory function^. Here we review experimental data 
gathered over the past few years that are relevant to this 
vicious cycle in human aging. 

Respiratory function decline in aging - its cause 
and effect 

It was first demonstrated in 1989 that the respiratory 
functions of mitochondria gradually decline in human 
liver^ and skeletal muscle®. This phenomenon was con¬ 
firmed in other human tissues^. In addition, it has also 
been found that the number of muscle fibers deficient in 
cytochrome c oxidase increases with age in the heart and 
skeletal muscle^^. By histochemical staining of respira¬ 
tory enzymes in the frozen sections of autopsied heart 
muscle, Miiller-Hocker first showed that there are ran¬ 
domly distributed human cardiomyocytes which are de¬ 
ficient in cytochrome c oxidase activity. He further 
demonstrated that the density of muscle fibers deficient 
in cytochrome c oxidase activity in the heart, skeletal, 
and ocular muscles increases with age^^ On the other 
hand, Nohl and Kramer^^ showed that the activity of 
adenine nucleotide translocase (ADP/ATP carrier) ex- 
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Figure 1. The ‘vicious cycle’ that occurs in the human aging process. In the electron transport chain, a small fraction of 
oxygen is incompletely reduced by 1-electron transfer to generate ROS and free radicals, which are usually disposed off 
by the free radical scavengers in mitochondria. When overproduced or inefficiently removed, they may cause oxidative 
damage and mutation of the nearby mtDNA molecules that are located in the vicinity of the inner membrane^*. The mu¬ 
tated or oxidatively modified mtDNA may be transcribed and translated to produce dysfunctional protein subunits that are 
assembled to form defective respiratory enzymes. The impaired respiratory chain not only produces ATP less efficiently, 
but also generates more ROS, which further enhances the oxidative damage to various biomolecules in mitochondria. This 
vicious cycle operates in an age-dependent manner and results in the aging-associated decline of the bioenergetic function 
of tissues. 


hibited a 30% decrease in the mitochondria of aged 
animal tissues. 

It was noted that the age-dependent decline in the rate 
of the glutamate-malate-supported (Complex I- 
mediated) respiration is much more pronounced than 
that of the succinate-supported (Complex Il-mediated) 
respiration*^. Moreover, the activity of Complex II was 
not so much decreased as the other respiratory enzymes 
in aging tissues^. These observations led us to surmise 
that mutation(s) in some of the 13 genes of mtDNA 
coding for subunits of Complexes I and IV may be in¬ 
volved in the age-dependent decline in respiratory func¬ 
tion. We confirmed this idea by showing that both the 
frequency of occurrence and the proportion of the 
mtDNA with the 4,977 bp deletion increase with age in 
liver^^ and other human tissues^"^. Many other large-scale 
deletions, and point mutations of mtDNA have also been 
detected in aging human tissues^. 

The mtDNA molecules with the 4,977 bp deletion are 
transcribed and translated in cultured human cells^^ It is 
conceivable that the fusion transcript and expressed de¬ 
fective proteins exert some deleterious effect on mito¬ 
chondrial functions in aged human tissues. The notion 
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that mtDNA mutations contribute to aging is further 
supported by recent findings that the extent of mtDNA 
mutation is strongly correlated with the degree of de¬ 
crease in the electron transport activities of cytochrome 
c oxidase and other respiratory enzymesThe impair¬ 
ment in the respiratory function not only causes a de¬ 
cline in the efficiency of ATP synthesis but also 
increases the electron leak from the respiratory chain of 
mitochondria. This constitutes a part of the recently 
proposed ‘vicious cycle’, which is aggravated during 
aging in human tissues (Figure 1). Recently, we cultured 
skin fibroblasts from individuals of different ages who 
had none of the known mitochondrial disorders or de¬ 
generative diseases. The activities of respiratory en¬ 
zymes of the fibroblasts from old donors were found to 
be significantly lower than those of the young donors 
(Table 1), a finding consistent with the previous obser¬ 
vation that the ATP/ADP ratio and energy charge of the 
fibroblasts decline in an age-dependent manner^^. In a 
recent study, Luo et al}^ showed that a defect in Com¬ 
plex I of the respiratory chain results in excessive pro¬ 
duction of hydroxyl radicals and enhanced lipid 
peroxidation in human skin fibroblasts. This finding 
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Table 1. Comparison of electron transport activities of the respira¬ 
tory enzyme complexes of mitochondria of the fibroblasts from sub¬ 
jects in different age groups 


Age group 
(year) 

Electron transport activity (nmol/min/mg) 

NCCR 

SCCR 

CCO 

10-30 

720 ± 84 (2) 

221 +29 (2) 

103 + 24 (2) 

3-60 

590 ± 52 (2) 

55 + 23 (7) 

23 ± 12(7) 

7-80 

340 ± 152 (2) 

44 ± 19 (6) 

29 + 6 (6) 


Values in parentheses represent the number of subjects whose fibro¬ 
blasts were used for enzyme assays. NCCR, NADH-cytochrome c 
reductase; SCCR, succinate-cytochrome c reductase; CCO, cyto¬ 
chrome c oxidase. 


demonstrates that age-dependent decline of mitochon¬ 
drial respiratory functions may elicit higher oxidative 
stress, which in turn may lead to a wide spectrum of 
oxidative damage. It is possible that oxidative damage 
and mtDNA mutation further impair the function of 
electron transport chain synergistically and increase the 
rate of ROS generation. Although it is generally ac¬ 
cepted that mtDNA mutations are associated with human 
aging*", a clear causal relationship between oxidative 
damage and mutation of mtDNA, decline in mitochon¬ 
drial function and aging remains to be established. 

Oxidative stress in aging 

Mitochondria are the major intracellular producers of 
ROS and free radicals in animal and human cells. The 
electron leak from the impaired respiratory chain may 
elicit enhanced production of ROS through one electron 
reduction of molecular oxygen in mitochondria"^’^. Under 
normal physiological conditions, approximately 1-5% 
of the oxygen consumed by mitochondria of human cells 
is converted to superoxide anion, hydrogen peroxide, 
and other ROS"^"^. It was estimated that each mitochon¬ 
drion in rat liver produces about 3x10^ superoxide ani¬ 
ons per day"^. Human cells can dispose off ROS by 
coordinated expression and functioning of an array of 
free radical scavenging enzymes including manganese- 
superoxide dismutase (MnSOD), copper/zinc-superoxide 
dismutase (Cu/ZnSOD), catalase, and glutathione per- 
oxidase^’^^. However, these antioxidant defense systems 
are not perfect and are subjected to alterations during 
aging. As a result, there is an age-dependent increase in 
the fraction of ROS and free radicals escaping these 
cellular defense systems and damage cellular constitu¬ 
ents including lipids, proteins, and nucleic acids^°. Re¬ 
cently, Xu et demonstrated that the amount of 
oxygen consumed in the electron leak route increases in 
aged mice. The rate of production of superoxide anion 
and hydrogen peroxide in mitochondria was found to 
increase with age in various mammalian tissues^^. The 


enhanced production of ROS inevitably elevates the 
oxidative stress and oxidative damage of the cell. 

On the other hand, it was observed that Drosophila 
melanogaster with homozygous mutations in either 
Cu/ZnSOD or catalase gene exhibit increased sensitivity 
to oxidative stress, and have reduced viability and 
shorter lifespan^^. Since glutathione peroxidase is absent 
in D. melanogaster, Cu/ZnSOD and catalase provide the 
main enzymatic antioxidant defenses^"^. The fruit flies 
that overexpress Cu/ZnSOD alone or in combination 
with the overexpression of catalase were found to ex¬ 
hibit higher tolerance to oxidative stress, and have sig¬ 
nificantly less oxidative damage to proteins and have 
longer lifespan^^. It is established that the activities and 
capacities of antioxidant systems of cells decline with 
age, which in turn leads to a gradual upset of the pro- 
oxidant/antioxidant balance and accumulation of oxida¬ 
tive damage, most notably in DNA, in the aging tis- 
sues^^’^^. Asuncion et al?^ recently showed that the 
mitochondrial glutathione is markedly oxidized during 
aging in animals. The ratio between oxidized and re¬ 
duced glutathione, which is a good index of oxidative 
stress, was found to increase with age in the liver, kid¬ 
ney, and brain of the rat and mouse. In the same study, 
the 8-hydroxy-2'-deoxyguanosine (8-OH-dG) content of 
mtDNA in these tissues was also found to increase with 
age in the rat and mouse. Moreover, oral administration 
of antioxidants such as a-tocopherol was found to pro¬ 
tect rats and mice against glutathione oxidation and 
mtDNA damage. These observations have lent support 
to the notion that oxidative stress and ensued oxidative 
damage to vital biomolecules in tissue cells play an im¬ 
portant role in the aging process of human beings and 
animals. 

Aging-associated oxidative damage to 
mitochondria 

The age-dependent increase in the production of ROS 
and free radicals (e.g., ubisemiquinone and flavo- 
semiquinone) in mitochondria inevitably elevates the 
oxidative stress and oxidative damage to mitochondria 
and the cell as a whole^. The rate of mitochondrial hy¬ 
drogen peroxide release is important in determining the 
extent of oxidative damage sustained by mitochondria. It 
was found that the level of 8-OH-dG, a specific product 
of oxidative damage to DNA, increases in an age- 
dependent manner in animal tissues^^’^^. Furthermore, 
dietary restriction, which extends the average and the 
maximum lifespan of mammals, decreases the rate of 
age-dependent accumulation of 8-OH-dG in various tis¬ 
sues of mice^^. 

Mitochondrial DNA is naked and is located in the vi¬ 
cinity of mitochondrial inner membrane where ROS and 
free radicals are generated. Hence oxidative damage to 
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the mitochondrial genome occurs easily at this site. In¬ 
deed, Ames and coworkers^^ first reported in 1988 that 
oxidative damage in mtDNA is much more extensive 
than that in the nuclear DNA of animal tissues. They 
discovered that the 8-OH-dG content in mtDNA was 
about 16 times higher than that of nuclear DNA of the 
rat liver. Furthermore, the 8-OH-dG content in liver 
mtDNA of the 24-month-oid rat was 3 times higher than 
that of the 3-month-old rat^^. In a recent study, Yakes 
and van Houten^^ demonstrated that human fibroblasts 
treated with 200 pM hydrogen peroxide for 15 or 
60 min exhibited 3-fold more damage to mtDNA as 
compared with the damage to nuclear DNA. Moreover, 
they found that after 1 h treatment of the fibroblasts with 
H 2 O 2 , the damage to nuclear DNA was completely re¬ 
paired within 1.5 h but no repair in the mtDNA was ob¬ 
served. This indicates that under oxidative stress, which 
may be elicited by aging, mtDNA damage is more ex¬ 
tensive and persists longer than nuclear DNA. Recently, 
Ozawa and colleagues showed that oxidative modifica¬ 
tion of mtDNA, as indicated by 8-OH-dG, increases in 
an age-dependent manner in the human diaphragm, heart 
muscle, and brain tissues^^’^l Furthermore, the levels of 
oxidatively modified proteins and lipids in mitochondria 
have been shown to increase during aging^^’^"^. In the 
past decade, Stadtman and coworkers have provided 
convincing evidence that oxidatively modified proteins 
accumulate in the cells during aging^"^. Sohal et dis¬ 
covered that protein oxidation and DNA damage in mi¬ 
tochondria increase concurrently in various tissues of 
aging fruit flies. These observations suggest a close rela- 
tonship between oxidative stress as indicated by glu¬ 
tathione oxidation, and oxidative damage to proteins, 
lipids, and DNA in mitochondria of cells during the ag- 
ing process. However, further investigation is warranted 
to determine whether these oxidative damages are the 
cause or effect (or both) of aging. 

Human mtDNA mutations in aging 


Each human cell contains several hundred mitochondria, 
each carrying 2 to 10 copies of mtDNA. Human mtDNA 
is a 16,569 bp circular double-stranded DNA molecule 
(Figure 2) . This extra-chromosomal genetic element 
contains genes that code for 13 polypeptides involved in 
respiration and oxidative phosphorylation, and 2 rRNAs 
and 22 tRNAs that are essential for protein synthesis in 
mitochondria^^. Human mtDNA does not bind to his¬ 
tones, and replicates rapidly by a D-loop mechanism 
without^proof-reading and lacks efficient DNA repair 
systems^’^”^. It is transiently attached to the mitochondrial 
inner membrane in which a considerable amount of ROS is 
generated by the respiratory chain"^’^^. These characteristics 
have rendered mtDNA vulnerable to free radical attack 
and mutation. The observation that mtDNA has 



MEUS 

A3243G 


Figure 2. The genetic map and some commonly seen aging- 
associated mutations of human mitochondrial DNA. The 4,977 bp 
and 7,436 bp deletions, which occur within the large arc between the 
replication origins Oh and Ol, are the two most commonly found 
aging-associated large-scale deletions of human mtDNA. The 
A3243G and A8344G transitions in the and tRNA^^'* 

genes are the two well-established aging-associated point mutations 
of human mtDNA. Many other large-scale deletions, point mutations, 
tandem duplications, and rearrangements of mtDNA that have been 
detected in aging human tissues are not shown here'^•'‘^ They occur 
stochastically in an age-dependent manner. 


higher 8-OH-dG content than nuclear 
DNA implies that aging human and animal tissues may 
have abundant mutations in their mtDNAs. 

More than two dozen point mutations, large-scale de¬ 
letions, tandem duplications, and rearrangements of 
mtDNA have been found in various tissues of old hu¬ 
mans . Large-scale deletions occur almost exclusively 
within the large arc between the replication origins of 
heavy strand (Oh) and light strand (Ol), and most of the 
point mutations are located in the tRNA genes of 
mtDNA (Figure 2). Mutant mtDNA molecules often co¬ 
exist with the wild-type mtDNA within a cell, a condi¬ 
tion termed as heteroplasmy, and the degree of hetero- 
plasmy varies in different tissues of the same 
individual^^ It has been well established that many of 
the mtDNA mutations accumulate in an exponential 
manner with age in post-mitotic tissues^^. Although 
some mtDNA mutations might occur in oocytes (germ- 
line mutation), it is generally believed that most of them 
arise and accumulate with time in somatic cells. The 
most wide-spread mtDNA mutation is the so-called 
‘common deletion’, which removes a 4,977 bp DNA 
segment of mtDNA by a mechanism that involves a 
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Table 2. The age-dependent increase in the proportions of the 4,977 bp deleted mtDNA in various human tissues 


Lung (%) 

Age Muscle Liver Testis Skin -— Hair follicle 

group (%) (%) (%) (%) Non-smoker Smoker (%) 


0-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

80-89 


0.0000 in = 4) 
0.0002 in = 5) 
0.0015 (n= 1) 
0.0106 in = 6) 
0.0203 (n= 11) 
0.0252 in = 4) 
0.0346 (n= 16) 
0.0600 (n= 12) 
N.A. 


N. A. 

O. 0000 in = 1) 
0.0008 in = 2) 
0.0025 in = 4) 
0.0025 in = 8) 
0.0021 in = 1) 
0.0032 in = 8) 
0.0076 in = 6) 
N.A. 


0.0000 in = 3) 
0.0000 in = 4) 
0.0000 in = 2) 
0.0000 in = 6) 
0.0000 in = 1) 
0.0000 in = 1) 
0.0141 (n = 12) 
0.0275 (n = 12) 
0.0529 in = 6) 


N. A. 

O. 0000 in = 1) 
0.0000 in = 2) 
0.0000 in = 1) 
0.0000 in = 6) 
0.0206 in = 8) 
0.0052 in = 5) 
0.0561 (^1 = 5) 
N.A. 


0.0000 in = 2) 
0.0244 in = 4) 

N. A. 

O. 0105 (« = 7) 
0.0254 (n = 6) 
0.1506 (n = 9) 
0.2075 in = 7) 
0.3256 in = 3) 
0.0000 in = 1) 


N. A. 

O. 0000 in = 1) 
0.0000 in= 1) 
0.0081 (n = 3) 
0.0504 in = 2) 
0.1038 (n = 2) 
0.3751 in = 25) 
1.0661 (n = 15) 
0.0000 (n = 2) 


N.A. 

N. A. 

O. 0732 (n = 2) 

N. A. 

O. 5615 (n = 5) 
0.6049 in = 8) 
0.8321 in = 12) 
1.4124 (rt = 13) 
2.1184 (n = 9) 


The proportions of the 4,977 bp deleted mtDNA in each of the human tissues were determined by a semi-quantitative PCR method as previ¬ 
ously described^"^. Total DNA from each of the tissue samples was used for quantitative analysis of the mtDNA with the 4,977 bp deletion. The 
number in each parenthesis indicates the number of subjects examined in the specified age-group, and the mean values of the proportions of 
the 4,977 bp deleted mtDNA are presented for each type of the tissues examined in each group. N.A., not available. 


13 bp direct repeat flanking the 5'- and 3'-end break¬ 
points at nucleotide position (np) 8470/8482 and np 
13447/13459, respectively^^ This mtDNA deletion was 
originally observed in the muscle tissues of patients with 
mitochondrial myopathies, including the Kearns-Sayre 
syndrome (KSS), chronic progressive external ophthal¬ 
moplegia (CPEO), and Pearsons’ syndrome'^^. Multiple 
large-scale deletions of mtDNA have also been found in 
various tissues of aged individuals'^^ Moreover, an 
A3243G point mutation in the tRNA^®^^^'^*^^ gene of 
mtDNA, which is associated with mitochondrial myopa¬ 
thy, encephalopathy, lactic acidosis and stroke-like epi¬ 
sodes (MELAS) syndrome'^^, and another A8344G 
mtDNA mutation that is associated with myoclonic epi¬ 
lepsy and ragged-red fibres (MERRF) syndrome'^^ have 
also been detected in the muscle of elderly subjects'^'^’'^^. 
Additionally, at least 5 different types of tandem dupli¬ 
cations were found in the D-loop region of mtDNA in 
several tissues of normal subjects, and the incidence and 
abundance of mtDNA with these tandem duplications 
increase with age'*^. 

It is important to note that each of these aging- 
associated mtDNA mutations including deletions, point 
mutations, and tandem duplications rarely exceeds 1% 
of total mtDNA in old human tissues (Table The 
aging-associated mutant mtDNAs are usually only de¬ 
tectable by PCR and are frequently quantified by the 
choice of primers and PCR conditions. It is noteworthy 
that there may exist some other mutations in aging hu¬ 
man tissues that have not yet been revealed by the avail¬ 
able detection system^. Recently, a more detailed 
detection system was designed for extensive screening 
of mtDNA deletions in human tissues"^^. The use of 180 
kinds of PCR primer pairs allows one to detect all the 
possible deletions of mtDNA over 500 bp in size. Hay- 
akawa et al^'^ applied this molecular technique to ana¬ 
lyse large-scale deletions in mtDNAs of normal hearts 
of subjects of various ages. They observed an extensive 


fragmentation of mtDNA into minicircles with various 
sizes of deletions, and the incidence and abundance of 
mutant mtDNAs increase with age and are well- 
correlated with oxidative damage to mtDNA. The long- 
range PCR technique was recently adopted to amplify 
the entire mitochondrial genome to facilitate the detec¬ 
tion of mtDNA deletions in old human tissues. Kova¬ 
lenko et demonstrated with an XL-PCR system that 
in skeletal muscle of subjects over 80 years of age most 
of the mtDNA molecules are truncated into smaller 
fragments and only very few full-length mtDNA mole¬ 
cules are detected. It is noteworthy that the reported 
mutations and the aforementioned oxidative damage of 
mtDNA represent only a small proportion of all the 
mtDNA damages that occur in the aging process, and 
that multiple mutations of mtDNA often co-exist in 
various tissues of aged individuals^’'^^. 

Although the proportion of the mutated mtDNA mole¬ 
cules is found to correlate with the 8-OH-dG content of 
mtDNA^\ it is not understood how oxidative stress or 
ROS causes mtDNA mutations. Adachi et have re¬ 
cently demonstrated that ROS may cause large-scale 
deletion of mtDNA in the rodents. They detected a 4 kb 
deletion of mtDNA in the heart of Balb/c mice that had 
received chronic intraperitoneal injection of doxorubicin 
which is known to induce cardiomyopathy and elicit 
profound lipid peroxidation of heart mitochondria. 
Moreover, they found that administration of coenzyme 
Qio (a free radical scavenger) to mice effectively pre¬ 
vents deletion in mtDNA and decreases the lipid perox¬ 
ide content of heart mitochondria. This finding provides 
the first direct evidence to support the notion that ROS 
and free radicals are involved in the deletions in 
mtDNA. In addition, it has been demonstrated that 
genotoxic intermediates of lipid peroxidation may have 
a role in eliciting age-associated mtDNA mutations^V 
The region of mtDNA that is attached to the ROS- 
generating sites in the mitochondrial inner membrane is 
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likely to be more susceptible to oxidative damage, 
strand breakage, and point mutation. It is conceivable 
that the frequency of occurrence and the type of mtDNA 
mutation are determined, at least in part, by the interac¬ 
tion between mitochondrial DNA polymerase and the 
ROS-damaged hot spots or hot regions of the mtDNA 
molecules during DNA replication^^. 

In addition, exogenous sources of free radicals may 
cause mutation and oxidative damage to mtDNA in hu¬ 
man tissues. Indeed, many types of mtDNA mutations 
are reported to occur more frequently and more abun¬ 
dantly in sun-exposed skin as compared with the non- 
exposed skin^^’^"^. Recently, we demonstrated that aside 
from age, smoking is an exogenous factor that signifi¬ 
cantly increases the incidence and proportion of the 
mtDNA molecules with large-scale deletions in human 
lung tissues^^’*^^. Moreover, the lipid peroxide contents 
in the lung tissues of smokers are significantly higher 
than those of the age-matched non-smokers^^. These 
observations suggest that free radicals and/or organic 
radicals generated by environmental insults such as light 
irradiation, gaseous phase of cigarette smoke, and air 
pollutants may act as add-on factors in eliciting the for¬ 
mation and accumulation of mtDNA mutations during 
the aging process in humans. 

Conclusion 

Age-dependent decline in the function of the mitochon¬ 
drial respiratory system increases the production of ROS 
and free radicals in mitochondria. On the other hand, the 
levels of the small-molecular-weight antioxidants and 
the activities of the free radical scavenging enzymes are 
insufficient in aging tissues^’^"^. Therefore, the balance 
between oxidants and antioxidants is gradually upset 
during the aging process due largely to the excess pro¬ 
duction and inefficient disposal of the ROS and free 
radicals^’^®. This condition imposes an elevated oxida¬ 
tive stress on the cells, and causes a broad spectrum of 
oxidative damage to vital biomolecules in tissues^’^^’'"^"^. 
Since mtDNA is not protected by histones and is con¬ 
tinually exposed to the high-oxidative-stress environ¬ 
ment of the mitochondria, it is extremely vulnerable to 
damage by ROS and free radicals^®. Recent work from 
several laboratories have demonstrated that both the 
incidence and amount of specific mutations (point mu¬ 
tations and large-scale deletions) and random oxidative 
damage (indicated by the level of 8-OH-dG) of mtDNA 
increase exponentially with The transcrip¬ 

tion and translation of the mtDNA-encoded polypeptides 
in the cells harbouring’ mutated mitochondrial genome 
get inevitably impaired both qualitatively and quantita¬ 
tively ’ . The respiratory enzymes synthesized by such 
mitochondria are defective and function not only less 
efficiently in energy metabolism but also produce more 


ROS and free radicals which further damage the respira¬ 
tory system of the mitochondria. This vicious cycle op¬ 
erates in cells at a rate dictated by the metabolic rate 
and physiological condition of the tissue^’^^ We suggest 
that the ever-increasing levels of ROS and free radicals 
accelerate this cycle in the later part of life of an indi¬ 
vidual and lead to aging and age-related diseases. This 
mechanism also explains the well-documented observa¬ 
tions that patients with mitochondrial disseases usually 
age much faster and often culminate in premature death. 
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Of the many theories proposed to explain the molecu¬ 
lar mechanisms of ageing, the DNA-damage and 
DNA-repair theory has attracted much attention. 
There is considerable evidence, including the work 
done in this laboratory, to correlate accumulation of 
DNA-damage with the phenomenon of ageing. Ac¬ 
cretion of DNA-damage with age may be due to in¬ 
creased DNA-damageing events or decreased DNA- 
repair capacity or both. It is suggested that non- 
apoptotic DNA-fragmentation in terms of single and 
double strand breaks, considered to be the end point 
to many a DNA-damage events, could be utilized as 
molecular parameter to follow the process of ageing 
not only in a post-mitotic cell like neuron but per¬ 
haps in other tissues as well. 


Ageing may be broadly defined as genetically pro¬ 
grammed deterioration of all physiological functions 
with age. Extensive research over the past several years 
on the molecular mechanism of this apparently inevita¬ 
ble phenomenon has led to postulation of many theories 
and hypothesesAmong these, the theories that seek 
to explain the process of ageing at genetic level have 
naturally attracted maximum attention. One such theory 
is the DNA-damage and repair theory. It was Hart and 
Setlow'"' who first reported what appeared to be a corre¬ 
lation between the DNA-repair potential of a given or¬ 
ganism and its longevity. Subsequently, Gensler and 
Bernstein^ proposed that accumulation of DNA damage 
is the primary cause of ageing. This concept, although 
faced a turbulent period, continues to enjoy the prime 
attention of the scientists in the field. Indeed consider¬ 
able data have accumulated in the past several years to 
demonstrate that decline in DNA-repair capacity and 
consequent accretion of DNA-damage plays a cardinal 
role not only in the phenomenon like ageing but also in 
diseases like cancer^"^. Excellent books and reviews 
have appeared on this subject in the recent past^'^"^^. 

We, in our laboratory, have been looking at some of 
the biochemical changes that occur during ageing, par¬ 
ticularly in brain tissue. During these investigations it 
became apparent to us that the amount of DNA-damage 
that occurs in an ageing neuron, and the ability of that 
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neuron to repair such damage may be an important 
pointer to the maximum lifespan of that species. The 
tenet of this hypothesis is that since neurons do not pos¬ 
sess the replicative capacity and that in almost all spe¬ 
cies of animals nerve cells are one of the earliest cells to 
be differentiated and, therefore, their lifespan being al¬ 
most the same as that of the whole animal, the DNA- 
repair potential of a neuron should be a good reflection 
on the basal DNA-repair capacity of various tissues in 
the animal. Similarly, accumulation of DNA damage in a 
neuron may be a pointer to this process in the rest of the 
tissues as well. It is the purpose of this article to review, 
in brief, the types of damage that are known to accumu¬ 
late in the DNA of cells with increasing age and to pres¬ 
ent the possibility that a quantitative assessment of such 
damage could be a useful molecular parameter to gauge 
the process of ageing. 

DNA damage 

Damage or alteration to the structure of DNA appears to 
be a universal phenomenon occurring both due to spon¬ 
taneous endogenous metabolic events including errors in 
DNA replication^"^'and oxidative reactions that take 
place in the cell as well as due to exogenous factors like 
radiation and mutagenic chemicals. Spontaneous dam¬ 
age can result in loss of bases, modification of bases, 
mismatched base pairs, strand breaks and also changes 
in the sequence of bases. Similar damage could also oc¬ 
cur due to environmental factors which may result in 
cross links, strand breaks, formation of bulky adducts 
and oxidative damage. The number of ways in which the 
DNA can be damaged is summarized in Table 1 and 
Figure 1. 

The types of DNA damage mentioned in Table 1 oc¬ 
cur with varied frequencies and this information is 
summarized in Table 2. It is noteworthy that single 
strand breaks constitute a major form of DNA damage. 
This is because many other types of structural altera¬ 
tions in DNA molecule (depurination, depyrimidination, 
deamination, etc.) are likely to result in single strand 
breaks both in the absence or occurrence of DNA re¬ 
pair. If the rates of different damage events are added 
up, the overall rate of DNA damage events/cell/day 
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Figure 1. Major modes of DNA damage, Apurinic/apyrimidimc 
site (AP site); b. Altered/modified bases that may result in mis¬ 
matches; c, Thymidine dimer, a major photoproduct formed due to 
UV irradiation (250-260 nm); d. Single-strand break, one of the 
most frequent consequential end points of various damages; e, 
Crosslinks formed between two strands of DNA (interstrand). 
Sometimes the crosslinks are between DNA and the surrounding 
proteins; /, Double-strand breaks - an occasional end point of oxi¬ 
dative/ionising radiation induced damage. 

Table 1. Various types of DNA damage 
Spontaneous damage Causative agents/event 

Mismatched base pairs DNA-replication/repair 

Alteration in the structure of 

base like Tautomeric shifts Cellular metabolism 

deamination 

Loss of bases (depurination, 
depyrimidination) 

Damage due to environmental factors 

Baseless sites 
Cross links 

Strand breaks, deletions Alkylating agents and other 

Alkylation and bulky adducts damage inducing chemicals 

Oxidative damage Radiation, free radicals 


would approximate 60,000. This is an enormous on¬ 
slaught on the structural integrity of genomic apparatus. 

DNA repair 

Just as there are a multitude of ways by which DNA 
molecule can be structurally altered, there are also dif¬ 
ferent types of DNA-repair mechanisms that organisms 
have developed during the course of evolution. A de¬ 
tailed discussion of these mechanisms is beyond the 


Table 2. Approximate frequencies of occurrence of various DNA 
damage in mammalian cells* 


Type of damage 

Events per 
day/cell 

Reference no. 

Depurination 

10,000 

34 

Depyrimidination 

500 

35 

Deamination 

100-300 

36 

Base damages 

(including all types of base damage, 
viz. oxidative damage, adduct form¬ 
ation with reducing sugars, methyl- 
ation, crosslinks, and so forth) 

10,000 

27 

Single-strand breaks 

20000-40000 

37 

Interstrand crosslinks 

^ 1 


(Double-strand breaks 

9 

10 

DNA-protein crosslinks 

Unknown j 



*The rates are calculated on the basis of spontaneous (endogenous) 
damageing events and therefore could be actually much higher de¬ 
pending on the dietary composition and style of living. 


scope of this article. Several comprehensive reviews on 
the subject have appeared. In brief, DNA repair can be 
divided into two classes: those that simply reverse the 
damage without involving the breakage of phophodiester 
bond (for example, monomerization of pyrimidine 
dimers by light, removal of methyl groups and simple 
rejoining of strand breaks). The other and perhaps a 
major category of DNA-repair process is nucleotide and 
base excision repair including the mismatch repair. Ex¬ 
cept for the initial differences, these two processes ac¬ 
tually converge to become a common pathway involving 
the removal of the damaged portion of DNA and resyn¬ 
thesis of that patch of DNA (Figure 2). However, it is 
also known that the base excision repair involves a short 
patch resynthesis, while in the nucleotide excision repair 
the resynthesized patch is a long one. There is yet a 
third type of DNA repair, the recombinational repair, 
the details of which are less understood. 

The first step in nucleotide excision repair pathway 
seems to be the recognition and incision of the damaged 
or altered site by an incision endonuclease (Figure 2). 
From the plethora of endonucleases found in different 
organisms, it appears that these enzymes have varied 
specificity^^. The second step is the excision of the dam¬ 
aged region, which may include some adjacent nucleo¬ 
tides as well, by an exonuclease. However, in the case of 
UV-induced damage the incision seems to be precisely 
at 6 bases 3' to the damage and 22 bases 5' to the dam¬ 
age, thus releasing a 29 nucleotide fragment^^. The third 
step involves the filling up of the gap by a DNA- 
polymerase using the other strand as template and fi¬ 
nally the sealing of the gap by DNA-ligase. In the case 
of base excision repair, firstly the baseless site formed 
either spontaneously or by the action of a DNA- 
glycosylase would be recognized by an apurinic/ 
apyrimidinic endonuclease. This is followed by the 
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Figure 2, Pathways of excision repair: On the left and right sides 
are the nucleotide and base excision repair pathways, respectively. 

IS diagram is courtesy of Larry H Thompson, Lawrence Livermore 
National Laboratory, Livermore, CA, USA. 


action of a deoxyphosphodiesterase to create a single 
nucleotide gap'®. The subsequent steps are similar to 
those of nucleotide excision repair. 

DNA damage can accumulate in ageing cells for the 
following reasons: 1) The frequency of events damage¬ 
ing the DNA may be higher than that of the DNA-repair 
capacity. 2) The DNA repair efficiency may be de¬ 
creased in an age-dependent and programmed manner, 
leading to an inadequate repair of the damage. 3) A 
combination of both 1 and 2. As already mentioned, one 
of the major forms of DNA damage is a single strand 
break while double strand breaks seem to accumulate at 
a much lesser rate probably because double strand 
breaks beyond a critical level could be extremely lethal 
and such cells would have died and got eliminated from 
the system. The result of these strand breaks would be a 
fragmented DNA which can be detected with reasonable 
ease by agarose gel electrophoresis. 

There is convincing evidence today to indicate that 
capacity does decrease with advancement of 
age ■ . In our laboratory, the usefulness of isolated 
neurons from the cerebral cortex of the rat brain was 
examined as a model system to study DNA repair with¬ 
out resorting to the use of hydroxyurea to inhibit the 
possible replicative DNA synthesis that might be going 
on simultaneously in a given cell system^. The results 
indicated that neurons obtained from adult (6 months) 
and old (> 540 days) animals offer a good model system 
to measure the UV-induced unscheduled DNA synthesis 
(UDS) without any interference of DNA-replicative 



ou 90 120 

■”ME OF INCUBATION (min)-* 


Figure 3. Time course of the incorporation of ^H-TMP into DNA of 
nuclei of cerebral cortex of rats of different ages; effect of UV irra¬ 
diation (254 nm). a, young (10 days), b, adult (6 months), c. old (> 2 
years). For other details see text and ref. 21 from which the figure is 
reproduced. 


Table 3. UV-induced unscheduled DNA synthesis in neurons of rat 
brain at different ages 





Ratio 


Ratio 

Age 

Control 

20 J/m^ 

UV/control 

40 Vn? 

UV/controI 

Young 






(1 day) 

61 ±2 

71 ±6 

1.16 

91+21 

1.49 

Adult 

(8) 

(8) 


(3) 


(6 months) 

28 ±3 

35 ±2 

1.25 

33 ±2 

1.18 

Old 

(8) 

(8) 


(4) 


(> 540 days) 

29 ±3 

30±4 

1.03 

34±3 

1.17 


(8) 

(8) 


(3) 



Values are expressed as mean of DPM x 10"^ of ^H-thymidine incor- 
porated/mg DNA ± SD. Number in parentheses indicates the number 
of experiments carried out. For other details see ref. 20 from which 
data are reproduced. 
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synthesis. These investigations revealed that while the 
spontaneous UDS in old neurons remains unchanged as 
compared to that of the adult, the response of ageing 
neurons, in contrast to the young and adult neurons or 
splenic lymphocytes of any age, to a mutagenic chal¬ 
lenge like UV light is markedly limited (Table 3). It is 
suggested that, it is this lack of responsiveness of DNA 
repair against a given damage that leads to general 
metabolic deterioration and senescence. The effect of 
UV irradiation on the DNA repair/synthesis along with 
RNA synthesis in nuclei isolated from cerebral cortex of 
rats of different ages was also studied^^ Time course 
studies revealed a temporal relationship between the 
recoveries of DNA repair and RNA synthesis, overcom¬ 
ing the initial inhibition due to UV, in young nuclei. 
However, no such correlation could be seen in adult 
and old nuclei in which DNA repair recovery was very 
low (Figure 3). These results also demonstrate an age- 
dependent decrease in DNA-repair potential. 

Hence measurement of the end point of either de¬ 
creased DNA-repair capacity or increased DNA-damage 
may be used as a molecular pointer for the process of 
ageing. For example, a precise net end point of the 
above two processes would be the number of single strand 
breaks and double strand breaks at any given point of time 
during the lifespan of any given species. These end 
points should reflect on the status of the genomic stabil¬ 
ity or otherwise. We have, therefore, made attempts to 
assess the number of single and double strand breaks in 
the rat neuronal DNA at different ages^^. 

Two biochemical strategies were adopted by us to as¬ 
sess the single and double strand breaks in neuronal 
DNA. After isolation, the cells were permeabilized and 
subjected to a nick translation type of incubation using 
E, coil DNA polymerase I with one of the four dNTPs 
used in the incubation medium being radioactive. Since 
E. coli pol I is known to add nucleotides at the 3'-OH of 
a single strand break using the other strand as tern- 
plate^^, the amount of radioactivity incorporated into 
DNA would be proportional to the number of single 
strand breaks in the DNA provided the number of nu¬ 
cleotides added at each 3'-OH group are not too vari¬ 
able. Under the standardized conditions, it has been 
found that about 1500 nucleotides are added at each of 
3'-OH group representing a single intrastrand break. 

In a similar fashion the property of terminal trans¬ 
ferase enzyme to add deoxynucleotides to the 3'-termini 
of DNA without any need for template direction and the 
enzyme’s preference for 3'-termini of duplex DNA^"^ 
was utilized for assessing the double strand breaks in 
DNA. Under the optimal conditions, about 50 nucleo¬ 
tides are added at each 3'-termini of a blunt end. From 
this the number of double strand breaks in the DNA of 
permeabilized cells can be calculated from the amount 
of radioactive nucleotides incorporated. The strategy 
used in this technique is depicted in Figure 4. Since each 



Figure 4. Strategy for calculating the number of double strand 
breaks (DSB) present in genomic DNA using terminal transferase 
activity. At the top is shown an intact double-stranded linear DNA 
molecule. Such a molecule would have two terminal 3'-OH groups. 
Supposing that two DSB occurred in that molecule as shown by 
arrows, the result would be three pieces of double-stranded DNA 
with the generation of four more terminal 3'-OH groups. The number 
of such terminal 3'-OH ends can be assessed by labelling those ends 
with a radioactive nucleotide using terminal transferase assay^"^. As 
can be seen, the DSB that are present in the DNA sample would be 
equivalent to half the number of terminal 3'-OH groups minus one. 

neuron has 6 picograms of DNA, one can actually calcu¬ 
late the number of single and double strand breaks in 
each cell using this strategy. 

Figure 5 shows the mobility pattern of DNA isolated 
from brain cells of different ages when subjected to aga¬ 
rose gel electrophoresis under neutral and alkaline 
conditions. The mobility profile on the neutral gel is 
expected to show the extent of double strand breaks 
while that on the alkaline gel gives an idea about total 
fragmentation including both single and double strand 
breaks. It is clear, although only qualitative in nature, 
that in rat brain neuron both double strand and single 
strand breaks increase with age. 

Data regarding the precise number of single and dou¬ 
ble strand breaks as assessed by the two biochemical 
strategies mentioned above are shown in Table 4. Two 
points are clearly indicated from these data. Firstly, both 
single and double strand breaks accumulate in neuronal 
DNA with age. There are about 7,400 single strand 
breaks in the DNA of old neuron as against 3000 in 
young neuron. Similarly, the number of double-strand 
breaks in old neuronal DNA was 600, whereas young 
neuronal DNA contained only 156. What is more impor¬ 
tant, however, is the susceptibility of genomic DNA to 
MNNG (A-methyl-V'-nitro-V-nitrosoguanidine, an 
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Figure 5. Alkaline and neutral 0.5% agarose gel electrophoresis for 
observation of neuronai DNA fragmentation due to SSB and DSB 
The bands were visualized by ethidium bromide staining. Lane 1 
(from left): Lambda DNA ffrndlll digest. Lanes 2-4: Young adult 
and old neuronal DNA. Lane 5: Same DNA standard as in Lane 1 . 
Lanes 6 - 8 : Young, adult and old neuronal DNA run under alkaline 
conditions. Neutral gels were run in 0.5 x tris-borate-EDTA buffer at 
30 volts for 4 h while alkaline gels were run in a buffer consisting of 
30 mM NaOH and 2 mM EDTA. 


alkylating mutagenic compound) and higher concentra¬ 
tion of glutamate (excitotoxic). When the cells were 
treated with either of these compounds prior to the esti¬ 
mation of strand breaks, there was significant increase in 
the strand breaks. Further, the absolute increase in the 
number of strand breaks, either single or double (Table 
4) was much higher in old and adult neurons as com¬ 
pared to the young. For example, glutamate treatment 
for 18 h resulted in the addition of 1680 double-strand 
breaks in old neuronal DNA (Table 4) while the same 
tieatment resulted in 924 breaks in young neuronal 
DNA. In other words, these two substances were able to 
induce further fragmentation of DNA irrespective of the 
age of the neuron but it was apparent that genomic DNA 
from old neurons was more susceptible. 

The strategy adopted for measuring single strand 
breaks was also used to assess the number of apurinic/ 
apyrimidinic (AP) and alkali labile sites in neuronal 
DNA at different ages. The DNA isolated from neurons 
was subjected to nick translation type of incubation and 
the single strand breaks were calculated from the incor¬ 
poration of radioactive nucleotides as in the case of 
permeabilized cells. The results are shown in Table 5. 


Table 4. Estimation of single (SSB) and double (DSB) strand breaks 
in permeabilized neurons of different ages by Nick translation 
_and terminal transferase assays 



Control 

MNNG 
(50 pM) 

Glutamate 
(1 mM) 

Single strand breaks 

Young 

3.0 

5.4 

14 0 

Viability (%) 

92 

28 

25 

Adult 

4.6 

15.0 

24 0 

Viability (%) 

94 

24 

28 

Old 

4.6 

19.0 

25 0 

Viability (%) 

90 

26 

25 

Double strand breaks 

Young 

156 

360 

1080 

Viability (%) 

92 

28 

25 

Adult 

276 

960 

1680 

Viability 

94 

24 

28 

Old ^ 

600 

2700 

2280 

Viability 

90 

26 

25 


Values of SSB are per neuronal cell (x 10^), while in the case of i 

DSB they are the actual number per neuronal cell. Viability was f 

judged by trypan blue exclusion test. Young, 4 days old; adult, 6 I 

months; old > 2 years. For other details see ref 22 from which data ' 

are taken. I 

Table 5. Estimation of apurinic/alkali labile sites in neuronal 
_ DNA of agei ng rat brain 

Young Adult Old L 


Control 2.4 3.6 

Alkali-treated DNA 2.8 3.8 

Depurinated and 7.4 9 4 

alkali-treated DNA 


The values are number of SSB in thousands per neuron. Isolated 
DNA was subjected to nick translation assay with and without prior 
to alkali treatment alone or combined with depurination. Alkali 
treatment of DNA was done by mixing the DNA samples with one 
tenth volume of 1 N NaOH and incubated for 20 min at 37®C. 
Depurination was achieved by adding equal volume of 10 mM so¬ 
dium citrate buffer, pH 4.5 to the DNA sample and then heating at 
70°Cfor lOmin. 




Figure 6 . DNA fragmentation in ageing neurons. Lanes 2-4: DNA 
from young, adult and old neurons. Lanes 5-7 and 8-10: DNA from 
young, adult and old neurons treated with 1 mM glutamate for 6 and 
18 h, respectively. Lanes 11-16: DNA from young, adult and old 
neuroiis incubated with glutamate for 18 h along with 1 pg/ml cyclo- 
heximide (11-13) or 100 pM aurin tricarboxylic acid (14-16). 
Figure is taken from ref. 22 . 
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Figure 7. Effect of cycloheximide and aurin tricarboxylic acid on biochemical assessment of DSB by terminal transferase 
assay in permeabilized neurons of old brain. Values represent femtomoles of ^H-TMP incorporated/million cells. For other 
details see ref. 22 from which the figure is reproduced. 


DNA isolated from the cortical neurons of the brain of 
young adult and old rats showed increasing single strand 
breaks with age as observed in earlier experiments. 
When the isolated DNA was alkali treated, the number 
of single strand breaks further increased in all the three 
ages, indicating the conversion of alkali labile sites into 
single strand breaks. This also increased with age. If the 
DNA was first depurinated and then alkali treated, there 
was further enhancement in the single strand breaks, 
with the trend of increasing numbers with age remaining 
the same. Thus, these experiments once again demon¬ 
strated that both the alkali labile sites and AP sites in¬ 
crease in neuronal DNA with increasing age. 

The DNA fragmentation noticed in the neurons of 
‘normally* ageing rats and further enhancement of this 
fragmentation by MNNG and glutamate could be due to 
the activation of apoptosis, the suicidal programme in¬ 
volving gene expression and protein synthesis^^, leading 
to cell death. This hypothesis was tested in our labora¬ 
tory by subjecting the DNA isolated from lysed cells to 
1.5% agarose electrophoresis. The mobility patterns of 
DNA are shown in Figure 6. Some degradation of DNA 
is seen even in untreated cells and as expected, this was 
higher in DNA of old neurons. If the cells are treated 
with 1 mM glutamate for 18 h prior to the lysing of the 
cells and electrophoresis of the DNA fragments, a typi-^ 
cal nucleosomal DNA ladder, characteristic of apoptosis 
is seen. That glutamate induces apoptosis is also borne 
out by the fact that when cells are treated simultaneously 
with either cycloheximide (a protein synthesis inhibitor) 
or with aurin tricarboxylic acid (a nuclease inhibitor) 
then no nucleosomal DNA ladder is seen (Figure 6). 
Similar results were obtained with 50 |llM MNNG. 
These results were further substantiated by terminal 
transferase assay in which the incorporation of radioac¬ 


tive nucleotides into DNA of permeabilized cells was 
followed in a similar set of experiments (Figure 7). 
Furthermore, morphological observation of cells stained 
with acridine orange after treatment with glutamate or 
MNNG showed a higher uptake of the dye indicating 
hypercondensation of the chromatin, once again a char¬ 
acteristic feature of apoptosis. These results are taken to 
indicate that both glutamate and MNNG induce apopto¬ 
sis in neurons irrespective of the age of neurons and that 
in the neurons of ‘normally’ ageing rats, the DNA frag¬ 
mentation noticed may not be due to apoptosis^^. While 
it is possible that apoptosis may come into operation 
when DNA damage reaches a critical level, apoptosis 
per se does not seem to be the cause of DNA fragmen¬ 
tation observed in the neurons of ‘normally’ ageing rats. 

Regional distribution of strand breaks in ageing 
rat brain 

The single and double strand breaks were also assessed 
in DNA of neurons isolated from different regions of the 
brain of rats of different ages^^. The data are shown in 
Figures 8 and 9. A steady increase in both types of 
breaks was observed with advancement of age in all the 
brain regions studied. However, the number of SSB en¬ 
countered in the cerebral cortex was the highest as com¬ 
pared to those of other regions. Among the other 
regions, hippocampus showed higher number of breaks. 
With respect to double strand breaks, however, all the 
regions studied showed equal number of double strand 
breaks and the age-dependent increase was clearly seen. 
Thus, cerebral cortex and hippocampus appear to be 
the most vulnerable regions for accumulating SSB with 
age, while for DSB, all the regions are equally vulner- 
able^®. 
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cc CE HC HT BS 


Figure 8. DNA single-strand breaks per neuron isolated from different regions of the brains of young, adult and aged rats. Values are t 
in thousands. CC, cerebral cortex; CE, cerebellum; HC, hippocampus; HT, hypothalamus; BS, brain stem. For other details see Table 4 
and ref. 26 from which the figure is taken. 



Figure 9. Number of DNA double-strand breaks per neuron isolated from different regions of young, adult and old rat brain. For de¬ 
tails see Figure 8, Table 4 and ref. 26 from which this figure is taken. 


Ever since the DNA-damage theory was originally 
conceived and supported subsequently, voluminous lit¬ 
erature has accumulated to suggest correlative evidence 
that chromosomal aberrations and DNA damage in¬ 
crease with age^’^°’^^ Mitochondrial DNA (mtDNA), 
like the nuclear DNA, is also shown to be subjected to 
damage and in fact, mtDNA is found to be more exten¬ 
sively damaged during ageing than the nuclear DNA^^ 
This is primarily of oxidative type resulting in high lev¬ 
els of 8-OH dG^^. In another study, Linnane and co- 
workers^^ have shown a common deletion in mtDNA 
which is more prevalent in tissues of older people. 

Considerable evidence is available to indicate that 
DNA-repair capacity decreases with age which may at- 
least in part account for the accumulated DNA damage. 
In a recent investigation, Wei et al,^^ demonstrated a 
steady decrease in UV-damaged DNA-repair in human 


peripheral lymphocytes with age. Repair of UV damage 
in telomere regions has also been shown to decrease 
with age in human fibroblasts^®. DNA-repair deficiency 
is also seen in human syndromes like Cockayne syn¬ 
drome, Werner syndrome and Down syndrome which 
exhibit symptoms of accelerated ageing^’®Indeed the 
gene responsible for Werner’s syndrome has been 
cloned recently and the protein is found to have a DNA 
helicase activity^^. 

Work done in this laboratory over the years, a part of 
which is reviewed here, substantiates the DNA-damage 
and DNA-repair theory of ageing particularly with re¬ 
spect to a post-mitotic cell like neuron. One of the most 
important end-points of either increased damage or de¬ 
creased repair is the strand break resulting in frag¬ 
mented DNA. Since this end-point can be assessed with 
reasonable accuracy, the strand break accumulation in a 
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non-dividing cell like neuron may be used as a molecu¬ 
lar pointer for the ageing process, and perhaps for the 
critical point of damage at which stage the cell may ac¬ 
tually activate its apoptotic phenomenon. Towards this 
end, the number of double strand breaks, which are 
more lethal, may be a more useful pointer than the num¬ 
ber of single strand breaks. 
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NMR observation of a novel A-tetrad 
in a telomeric DNA segment in 
aqueous solution 
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NMR studies on the telomeric DNA segment d-AGsT 
show that the molecule exists as a mixture of several 
multistranded structures whose stabilities are de¬ 
pendent on added salt concentrations. There is one 
major conformation which can be selectively studied 
at low salt concentration and the NMR data indicate 
that this is a parallel stranded quadruplex with a 
novel A-tetrad at the 5'-end. The A-bases adopt the 
syn glycosidic conformation as against the anti con¬ 
formation adopted by the G-bases in the three G- 
tetrads. 

Telomeres are nucleoprotein complexes at the ends of 
chromosomes which play important roles in chromo¬ 
some replication and ageing^"^. They contain tandem 
repeats of short DNA sequences for up to several hun¬ 
dreds of base pairs and a short single stranded overhang 
at the 3' end. The length of the telomeric DNA seems to 
be related to the age of the cell and is dependent on the 
activity of an enzyme called telomerase, which is a re¬ 
verse transcriptase with the exclusive role of synthesiz¬ 
ing and replicating telomeric DNA. In normal cells the 
telomere length is seen to decrease progressively with 
every cycle of replication and thus is taken to be a 
monitor of the ageing process. In contrast, in cancerous 
cells and immortalized cells the length of the telomeric 
DNA is maintained by a higher telomerase activity. 
Regulation of the telomerase enzyme is brought about 
by a class of small proteins which contain domains 
having homologies with the Myb proteins, the oncogene 
products^. Thus these proteins which bind specifically to 
telomeric DNA have also been implicated to have some 
roles in oncogene regulations. Telomeric DNA is also 
believed to be important in the organization of the 
chromosomes inside the nucleus and in preventing fu¬ 
sion of the chromosomes. 

In view of the above important biological roles of the 
telomeres, they have been a subject of much investiga¬ 
tion in recent years from the view-point of understand¬ 
ing their three-dimensional structures^’^^. The telomeric 
DNA sequence repeats, which are rich in G-nucleotides, 
have been shown to form a variety of multistranded 
structures. T 2 AG 3 and T 2 G 4 , the single repeats of human 
and tetrahymena telomeres respectively were seen to 


*For correspondence. e-mail:hosur@tifrvax.tifr.res.in, 
902 


form parallel stranded G-quadruplexes with all the nu¬ 
cleotides having anti glycosidic torsion anglesThe 
sequence AG 3 (T 2 AG 3 ) 3 , on the other hand, formed an 
antiparallel quadruplex in which each strand had one 
parallel and one antiparallel neighbours'^. The glycosi¬ 
dic torsion angles for the G’s altered between syn and 
anti in each of the strands and in each tetrad, G{syny 
Q{synyG{anti)-Q{anti) pattern was observed. The 
Oxytricha sequence (T 4 G 4 )„ also formed a similar quad¬ 
ruplex with T4 loops in solution^^’^^ but in the crystal¬ 
line state, the G-tetrad had G(syn)-G(antiyG{syny 
G(anti) alignment and also different loop orientations^^, 
A recent study on a truncated Bombyx mori sequence 
TAGG showed the formation of a novel T-A-A triad 
capping the G-quadruplex with anti glycosidic angles^^ 
Thus it is evident that there is a great variety in te¬ 
lomeric DNA structures which go well beyond the usual 
double helical DNA and these along with the other mul¬ 
tistranded structures such as triplexes, junctions, 
i-motifs etc. (see articles in Methods in Enzymology, 
vol. 261, edited by T. L. James, Academic Press, 1995) 
establish new hitherto not-understood or not known 
functional roles for the DNA molecule. The functional 
relevance of tetraplexes has been further supported by 
the identification of proteins, which recognize and pro¬ 
mote the formation of four stranded DNA structures^'*'^^ 
In this context, we report here a novel observation by 
NMR of the formation of a new structural motif, namely, 
the A-tetrad in the truncated telomeric DNA segment 
AG 3 T in aqueous solution. The molecule forms a paral¬ 
lel stranded quadruplex, in which the A-tetrad stacks 
over the adjacent G-tetrad and also exhibits dynamism 
in its H-bonding patterns. To our knowledge, this is the 
first observation of an A-tetrad in any of the DNA 
structures reported so far. 

The DNA sequences were synthesized on an Applied 
Biosystems 392 automated DNA-synthesizer on 10 pM 
scale using solid phase /?-cyanoethyl phosphoramidite 
chemistry and were purified by polyacrylamide gel 
electrophoresis. The purity of the DNA was checked by 
both polyacrylamide gel electrophoresis and NMR at 
high temperatures. 

Three NMR samples were prepared by taking ap¬ 
proximately 100 A 260 nm uuits of oHgonucleotide in three 
different 0.6 ml (90% H 2 O/ 10 % D 2 O) solutions having 
0.2 mM potassium phosphate buffer, pH 7.3 and 0 mM, 
50 mM and 100 mM KCl. The same were converted into 
D 2 O samples by lyophilization and redissolution for the 
experiments in D 2 O alone. 

For each of the samples, phase sensitive NOESY ex¬ 
periments with mixing times in the range from 80 to 
350 ms were performed on a Bruker AMX 500 spec¬ 
trometer. The H 2 O signal was suppressed using the 
‘jump-return’ pulse sequence. TOCSY spectra were re¬ 
corded on the D 2 O samples with mixing times of 30 and 
80 ms. The time domain data consisted of 2048 complex 
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Figure 1. a. Base proton region of proton NMR spectrum of AG 3 T 
in D 2 O at pH 7.3, 100 mM KCl. This allows distinction of the ex¬ 
changeable and non-exchangeable proton resonances. The arrow 
indicates the position of the exchangeable ANH 2 resonance in the 
H 2 O spectra shown in h. The pattern of the non-exchangeable proton 
resonances seen is similar to that in b at the appropriate temperature. 
h. Base proton spectra of AG 3 T in H 20 » pH 7.3, 100 mM KCl at 
different temperatures. In addition to the major quadruplex con- 
former, for which the peak assignments are indicated, other con- 
formers are seen to be present at low temperatures. The quadruplex 
melts into single strands as the temperature is raised. 


points in t 2 and 512 increments in t\ dimension. The re¬ 
laxation time delay was kept 2 s for all the experiments. 
The data were apodized by shifted (60'^-90°) sine bell 
functions prior to 2D Fourier transformations. 

Figure 1 shows selected regions of the NMR spectra 
of AG 3 T recorded with the sample containing 100 mM 
KCl in D 2 O and H 2 O at different temperatures. The 
multiplication of the resonances at low temperature in¬ 
dicates that more than one conformer coexist, but as the 
temperature is raised, the more stable conformation 
survives, which eventually melts into single strands. The 
same pattern was observed with the other samples con¬ 
taining 0 and 50 mM KCl concentrations except that at 
lower salt concentrations, the melting temperatures for 
all the conformers were lower by about 10-15 degrees. 
But, at low salt or no salt, the proportion of the major 
conformer was higher in the equilibrium mixture. 



(ppm ) 



--- ,-,---,---, 

8.2 8.0 7.8 7,6 7.4 ppm 


HI' 


ANH2 


GNH2(i) 


H8/H2 


Figure 2. a. Selected region of the NOESY spectrum (200 ms) of 
AG 3 T at 285 K, pH 7.3, showing sequential (HS-HT) connectivity 
pattern. Peak labels identify self peaks, b. Strong NOE cross peaks 
from ANH 2 to (AH 8 , AH2), implying A-A pair formation as shown 
in Figure 4. c, GNH2-GH8 NOE cross peaks for the G2 and G3 nu¬ 
cleotide units. G4 amino photons are too broad to show cross peaks. 
These peaks confirm on the one hand the formation of the G-tetrad, 
and on the other, the fact that both the imino and the H 8 protons 
have the same nucleotide label indicates that the four strands have 
parallel orientations, d, A stacked plot of the same region as in a to 
emphasize the high intensity of the H8-PI1' cross peak of A, which 
indicates that the A nucleotide has a syn glycosidic conformation. 


Therefore, for detailed analysis, we have chosen the 
sample which did not have any added salt. The assign¬ 
ments of all the exchangeable and nonexchangeable 
protons for the major conformer could be obtained from 
intranucleotide TOCSY correlations and sequential 
NOE correlations expected for right-handed DNA seg- 
ments^^’^^. Figure 2 a shows the illustrative NOE con¬ 
nectivities for nonexchangeable H8...H1' protons and 
Figure 3 shows the connectivities from the exchangeable 
protons. In Figure 3, the G 4 NH-G 4 NH 2 cross peaks are 
not visible at the contour levels plotted, but at lower 
levels they were seen to be very broad peaks. 

The NMR data described above are clearly indicative 
of formation of stable secondary structures. The asso¬ 
ciation patterns of such G-rich sequences have been ex- 
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tensively documented in the literature^^“^^ and it is ob¬ 
served that continuous G stretches invariably to form 
quadruplexes. Both parallel and antiparallel strand ori¬ 
entations are possible and these have distinctly different 
NMR spectral features. First of all the antiparallel 
structures have an asymmetry which arises because of 
the presence of both syn, anti glycosidic torsion angles 
in each G-tetrad and this results in multiple sets of reso¬ 
nances. The sequential NOE connectivities involving G- 
imino protons are also very different for the two types of 
structures because of the different patterns of GNH- 
GNH, and GNH-GH 8 intrastrand and interstrand pro¬ 
ton-proton distances. We do not wish To list all these 
differences here which have been very well docu- 
mented^^"^^. Suffice it to point out the significant fea¬ 
tures of the NMR spectra are presented in Figures 1-3: 
(1) The G-imino protons resonate in the range of 10.7- 
11.8 ppm and exhibit high stability, botli of which are 
characteristic of quadruplex structures. ( 2 ) GNH 2 (i)- 
GH 8 NOE cross peaks are seen for G2 and G3 units 
(Figure 2 c) and these confirm G-tetrad formation. (3) 
Continuous sequential connectivity pattern, (GH 8 )i- 
(GHlOi,i~i is observed (Figure 2a) which is character¬ 
istic of anti glycosidic conformation for all the G’s in a 
right handed helix. (4) Continuous sequential (GNH)i- 
(GH 8 ){, i_i connectivities are observable (Figure 3) 
which is not possible if there is an alternation between 
syn and anti conformations in any strand. (5) A single 
resonance is seen for each of the protons which implies 
equivalence of the four strands. 

Taken together, all these indicate that the three G- 
nucleotide stretch in the molecule forms a symmetrical 
parallel stranded G-quadruplex structure as shown in 
Figure 4 a\ the H-bonding pattern in the G-tetrad is also 
shown for ready reference. 

In addition to the G-quadruplex features described 
above, the NMR spectra shown in Figures 1 and 2 have 
some distinctive features. Firstly, the ANH 2 protons are 
highly stable and melt synchronously with the GNH 
protons (Figure 1 b). This stability of the ANH 2 protons 
is in sharp contrast to that of the H-bonded G-NH 2 pro¬ 
tons which disappear at much lower temperatures. Sec¬ 
ond, a strong AHS-AHT NOE cross peak is seen 
(Figure 2 d) which indicates that the A-nucleotide ex¬ 
hibits a syn glycosidic conformation. Both these obser¬ 
vations are surprising since the A nucleotide is at the 5' 
terminal and one would not expect such a stable ex¬ 
changeable proton resonance or such a strong deviation 
from the standard anti glycosidic conformation. Further, 
the NOESY spectra show ANH 2 -(AH 2 , AH 8 ) cross 
peaks (Figure 2 b) and their intensities compared to the 
self GH8-GH1' cross peaks for G4 and G3 nucleotide 
units in Figure 2 a permit putting an upper bound of 
3.9 A for the ANH 2 -AH 2 and ANH 2 -AH 8 distances (the 
intra-nucleotide H8-H1' distance can have a maximum 
value of 3.9 A ). The actual distance could in fact be 


G2 G3 G4 



CH3 

H2'/2" 

ANH^ 

H8/H2 

GNI^(i) 

NH 


Figure 3. NOE cross peaks from the same NOESY spectrum as in 
Figure 2, arising from the G-imino protons in the quadruplex. The 
various sequential connections and peak identifications are given. 
The self cross-peaks are identified by sequence specific labels near 
the peaks. 


much less, since the exchange contributions, if any, 
would only lower the NOE intensities and thus cause an 
overestimation of the distances. Thus it is clear that the 
ANH 2 -(AH 2 , AH 8 ) cross peaks are inter-nucleotide in 
nature and the A-amino protons are imvolved in A-A 
pair formation via H-bonds. Although the peaks in Fig¬ 
ure 2 b do not show any chemical shift difference be¬ 
tween the two A-amino protons, we observed in some 
other spectra recorded under different conditions that 
they may have slightly different chemical shifts. This 
means the amino protons giving rise to the cross peaks 
to AH 8 and AH2 are different. These observations in 
conjunction with the requirement of equivalence of the 
four A-bases, indicate that a symmetrical A-tetrad is 
formed in which the adjacent A-bases are held together 
by H-bonds via ANH 2 protons. The spectra also show 
several NOE correlations between the adjacent A1 and 
G 2 nucleotide units: G 2 NH-(A 1 NH 2 , A 1 H 8 , A 1 H 2 and 
A1H272") (Figure 3), indicating a good stacking of the 
two bases. As a consequence, the G 2 -amino is better 
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Figure 4. Schematic parallel stranded G-quadruplex structure formed by the central three G-nucleotides in AGGGT 
along with the characteristic H-bonding pattern in a G-tetrad. The bases are shaded to indicate the directional sense of the 
H-bonds. Three models for A-tetrad formation. The dotted lines indicate the H-bonds. Model I has opposite sense of H- 
bond directions compared to models II and IIL 


shielded from the solvent than is the G4-amino, and this 
explains the lower line width of the G2-amino resonance 
(Figure 3). 

Three models for symmetrical A-tetrad formation can 
be conceived and these are shown in Figure Ab. How¬ 
ever, the NMR data do not favour Model III, since here, 
the amino groups lie on the exterior and would exchange 
very rapidly with the solvent. Besides, in Model III sev¬ 
eral short distances appear between the A-amino protons 
and the backbone protons for which no NOE correla¬ 
tions are observable. Model I is supported by the 
ANH 2 -AH 8 cross peak and Model II is supported by the 
ANH 2 -AH 2 cross peak (Figure 2 fc); notice that different 
A-amino protons are involved in the pairing in the two 
models. Thus if both the models are contributing, each 
of the ANH 2 protons would exist partly in the H-bonded 
state and partly in the free state and then the observation 
of a single resonance (~ 6.8 ppm) for each of them (and 
also for the protons on the adjacent G which would have 
different chemical shifts for the two models), must be 
explained by a rapid interconversion between the two 
alignments; the peak position would be at the average of 
H-bonded (-7.5-9.0 ppm) and free amino (•-5.5- 
6,5 ppm) proton chemical shifts. We may point out that 
this interconversion between the two alignments in I and 
II can be brought about very easily by a small concerted 


rotation of the A-base orientations with respect to each 
other in the tetrad. 

In summary, our observation of an A-tetrad capping 
the G-quadruplex in a telomeric DNA sequence is un¬ 
precedented. This not only enhances the variety in quad- 
ruplex structures at the telomere ends but also generates 
new structural thinking for other regions of DNA as well 
and thus may lead to new functional roles for DNA. This 
speculation finds support in a recent observation of a 
two base A-A platform in the crystal structure of the 
P4-P6 domain of the Tetrahymena self-splicing group I 
ribozyme^^. This involves a side-by-side alignment of 
two adenine bases. 
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Pollen production in some terrestrial 
angiosperms 

Amal Kumar Mondal and Sudhendu Mandal 

Department of Botany, Visva-Bharati, Santiniketan 731 235, India 

Pollen production in terms of number per anther 
along with the particulars of anther number per 
flower and anther length was determined for 54 an- 
giospermous plant species collected from different 
areas of Burdwan district, West Bengal. Pollen pro¬ 
duction varied widely from genus to genus and from 
species to species within the same genus of a family. 
There exists a correlation between pollen production 
and habit of plant. An increase in pollen production 
from herbs shrubs trees was observed and 
analysed. Variation in the number of pollen grains 
produced has been noticed in anemophilous, entomo- 
philous and amphiphilous plant taxa. It is presumed 
that high-pollen producers are cross-pollinated, 
whereas low-pollen producers are either self- 
pollinated or apomictic. 

A plant during its entire flowering period produces large 
amounts of pollen grains most of which are not involved 
in fertilization. These large amount of pollen released 
may float in air or water, and finally get deposited on 
the earth’s surfaced It has been proved that pollen 
grains of some plant species are bio-pollutants as they 
cause various types of allergic diseases in human be¬ 
ings^. The knowledge of the quantitative production and 
methods of dispersal of pollen grains is significant as 
these factors, directly or indirectly, are involved in 
causing pollution of the environment, and, in the inter¬ 
pretation of data on the pollen content of the atmos¬ 
phere, honey and sedimentary deposits^. These data also 


give some idea about the frequency of presence of par¬ 
ticular plant pollen grains in the atmosphere and hydro¬ 
sphere. 

In flowering plants, pollen productivity is referred to 
as number of pollen grains produced per anther of the 
flower. The total production of pollen grains in a par¬ 
ticular plant depends on number of anthers per flower 
and number of flowers per plant. This has significance 
in aerobiological work dealing with allergy problems. 
The allergenic pollens in the atmosphere if present in 
abundance in the air cause allergic symptoms according 
to Thommen’s postulate"^. The dispersal in air is con¬ 
trolled by factors such as morphology of the flowers, the 
season of flowering, and characters like anemophily, 
entomophily and amphiphilly. Various types of aller¬ 
genic manifestation in human beings are related with 
dispersal of pollen grains in the air. It has been proved 
that plants known for high-pollen production are signifi¬ 
cant for causing pollen allergy problems. Pollen pro¬ 
duction in anemophilous plants has been studied by 
Reddi and Reddi^. Further, the pollen profile of a par¬ 
ticular area reflects the pattern of vegetation of the area 
under investigation. 

In this study, pollen production of 54 selected angio- 
spermic plants profusely growing in Burdwan district, 
West Bengal, were investigated to establish their sup¬ 
posed role in pollen allergy problems. Pollen production 
was studied following the methods proposed by Nair and 
Rastogi^ and Mandal and Chanda^. Pollen grains from 
the 54 selected angiospermic plant taxa were collected 
from different biozones of Burdwan district. Unopened 
flowers were collected between 8.30 and 9.30 a.m. From 
each flower one anther was crushed and dispersed uni¬ 
formly in 50 drops of 50% glycerine. One drop of this 
mixture was placed on a slide and covered with a 
18x18 mm cover glass. The number of pollen grains 
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Table 1. Selected plant taxa with flowering period 


Plant with 
mode of pollination 

Habit 

Family 

Flowering 

period 

Aeschynomene aspera L. (E) 

S 

Fabaceae 

June-Aug. 

Amaranthus aspera L. (A) 

H 

Amaranthaceae 

Feb .-Aug. 

Anacardium occidentale L. (E) 

T 

Anacardiaceae 

Feb.-Apr. 

Andrographis paniculata (Burm. f.) Wall (A/E) 

S 

Acanthaceae 

May-Sept. 

Antigonon leptopus Endl. (E) 

S 

Polygonaceae 

July-Sept. 

Bauhinia acuminata L. (E) 

T 

Caesalpiniaceae 

Feb.-Apr. 

B. variegata L. (E) 

T 

Caesalpiniaceae 

Jan.-Mar. 

Boerhaavia repans L. (A/E) 

H 

Nyctaginaceae 

Yr. round 

Bryophyllum indicum Salisb. (A/E) 

H 

Crassulaceae 

Dec.-Mar. 

Canna indica L. (E) 

S 

Cannaceae 

July-Dee. 

Cassia tora L. (E) 

S 

Caesalpiniaceae 

May-June 

Centella asiatica (L.) Urbn. (E) 

H 

Apiaceae 

Nov.-Apr. 

Cereus hexagonus Mill. Gard. (E) 

H 

Cactaceae 

May-Sept. 

Cleome viscosa L. (E) 

H 

Capparidaceae 

June-Oct. 

Clerodendrum indicum (L.) 0. Kuntze (E) 

S 

Verbenaceae 

Jiily-Oct. 

C, japonicum (Thumb) E Sodect. (E) 

S 

Verbenaceae 

Aug.-Oct. 

Commelina bengalensis L. (E) 

H 

Commelinaceae 

July-Sept. 

Cresentia cujete L. (A/E) 

T 

Bignoniaceae 

Mar.-June 

Croton bonplandianum Baill. (E) 

H 

Euphorbiaceae 

Yr. round 

Datura me tel L. (E) 

S 

Solanaceae 

Mar.-Oct. 

D. stramonium L. (E) 

S 

Solanaceae 

Mar.-June 

Delonix regia (Boj.) Ref. (E) 

T 

Caesalpiniaceae 

Mar.-June 

Dentella repens Forst. (E) 

H 

Rubiacea 

Yr. round 

Drosera indica L. (A) 

H 

Droseraceae 

Sept.-Oct. 

Evolvulus alsinoides Wall. (E) 

H 

Convolviilaceae 

Mar.-Aug. 

E. nummularius L. (E) 

H 

Convolvulaceae 

Mar.-Aug. 

Gloriosa superba L. (E) 

H 

Liliaceae 

June-Nov. 

Hamiltonia suaveolens Roxb. (A/E) 

T 

Rubiaceae 

Jan.-May 

Ipomoea fistulosa Mart. ex. Choisy (E) 

S 

Convolvulaceae 

June-Oct. 

Impatiens balsamina L. (E) 

H 

Balsaminaceae 

Aug.-Oct. 

Ipomoea pes-tigridis L. (E) 

H 

Convolvulaceae 

June-Sept. 

Jatropha carcus L. (E) 

S 

Euphorbiaceae 

June-Sept. 

J. gossypifolia L. (E) 

S 

Euphorbiaceae 

June-Oct. 

Lantana camara L. (E) 

S 

Verbenaceae 

June-Sept. 

Martynia annus L. (A/E) 

S 

Martyniaceae 

June-Nov. 

Neriiim indicum Mill. (E) 

S 

Apocynaceae 

Mar.-Aug. 

Oldenlandia corymbosa L. (E) 

H 

Oxalidaceae 

Aug.-Oct. 

Opiintia dillenii L. (E) 

S 

Cactaceae 

June-Aug. 

Oxalis corniculata L. (A/E) 

H 

Oxalidaceae 

Aug.-Oct. 

0. latifolia H.B. K. (A/E) 

H 

Oxalidaceae 

Sept.-Nov. 

Peperomia pellucida Kunth. (A) 

H 

Piperaceae 

Apr.-Sept. 

Petunia hybrida Lindl. (E) 

H 

Solanaceae 

Oct.-Feb. 

Pilea microphylla L. (A) 

H 

Urticaceae 

May-July 

Polygonum barbatiim L. (A) 

H 

Polygonaceae 

June-Aug. 

Ruellia tuberosa L. (A/E) 

H 

Acanthaceae 

Oct.-Feb. 

Solanum evianthum D. Don. (A/E) 

S 

Solanaceae 

Major part of the year ' 

S. indicum L. (A/E) 

S 

Solanaceae 

Oct.-Feb. 

S. nignum L. (E) 

H 

Solanaceae 

Yr. round 

S. xanthocarpum L. (E) 

H 

Solanaceae 

Major part of the year 

Tabernaemontana coronaria Willd. (E) 

S 

Apocynaceae 

Apr.-Dec. 

Tephrosia purpurea Pers (E) 

H 

Fabaceae 

July-Sept. 

Vitex negundo L. (E) 

T 

Verbenaceae 

Feb.-Aug. 

Wahlenbergia gracilis Schrad. (A) 

H 

Campanulaceae 

Nov.-Mar. 

Xyris indica L. (A) 

H 

Xyridacea 

Dec.-Feb. 


Abbr. A = Anemophilly, E = Entomophilly, A/E = Anemophilly/Entomophilly, H = Herbs, S = 
Shrubs, T = Trees. 


present in this area was counted with an average of 5 
drops for each species of plant. This average was mul¬ 
tiplied by 50 to obtain the number of pollen grains pro¬ 
duced per anther and therefore the number of pollen 


grains produced per flower. The pollen count was made 
for 10 anthers from different flowers of a single individ¬ 
ual as well as of several plants. The plant materials se¬ 
lected are presented in Table 1. 
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Table 2. Pollen production in herbs 


Plant 

No. of 

anthers/flower 

Length of Average no. of 

anther (mm) pollen/anther 

Log 

pollen/anther 

Average no. of 
pollen/flower 

Amaranthus aspera L. 

5 


1.5-2 

1137 

3.05 

5685 

Boerhaavia repens L. 

5 


1.2-2.3 

5190 

3.71 

25950 

Bryophyllum indicum Salisb. 

6 


3-3.2 

6868 

3.83 

41208 

Centella aciatica (L.) Urbn. 

5 


2-2.5 

1036 

3.01 

5180 

Cereus hexagonus Mill. Card. 

110 


3-3.5 

2359 

3.37 

259490 

Cleome viscosa L. 

4 


1.5-2.2 

928 

2.96 

3712 

Commelina benghalensis L. 

6 


1.7-1.9 

832 

2.92 

4992 

Croton bonplandianum Baill. 

15 


1.3-1.8 

348 

2.54 

5220 

Dentella repens Forst 

5 


1.5-1.8 

212 

2.32 

1060 

Bros era indica L. 

5 


1-1.25 

750 

2.87 

3750 

Evolvulus nummularius L. 

5 


1.2-1.4 

267 

2.42 

1335 

E. alsinoides Wall. 

5 


1.3-1.6 

411 

2.61 

2055 

Gloriosa superba L. 

6 


2.5-3.2 

11292 

4.05 

67752 

Impatiens balsamina L. 

4 


2.5-3 

856 

2.93 

3424 

Ipomoea pes-tigridis L. 

5 


3-3.5 

26428 

4.42 

132140 

Oldenlandia corymbosa L. 

5 


1.7-2.2 

282 

2.45 

1410 

Oxalis corniculata L. 

10 


1.2-1.8 

536 

2.72 

5360 

a latifolia H.B. & K. 

10 


1.4-1.6 

812 

2.90 

8120 

Perperomia pellucida Kunth 

4 


1.8-2.2 

720 

2.85 

2880 

Pilea microphylla L. 

4 


0.7-0,9 

302 

2.48 

1208 

Petunia hybrida Lindl. 

5 


3-4.5 

18375 

4.26 

91875 

Polygonum barbatum L. 

8 


3-3.6 

126 

2.10 

1008 

Ruellia tuberosa L. 

4 


2.75-3.2 

2360 

3.37 

9440 

Solanum xanthocarpum L. 

5 


3.5-4.8 

36783 

4.56 

183915 

S. nigrum L. 

5 


2.5-2.8 

24101 

4.38 

120505 

Tephrosia purpurea Pers. 

7 


2.2~2.4 

322 

2.50 

2254 

Wahlenbergia gracilis L. 

5 


1.2-2.5 

288 

2.45 

1440 

Xyris indica L. 

5 


2.2-2.5 

302 

2.48 

1510 


Table 3. 

Pollen production in shrubs 





No. of Length of 

Average no. of 

Log 

Average no. of 

Plant 

anthers/flower anther (ram) 

pollen/anther 

pollen/anther 

pollen flower 

Aeschynomene aspera L. 


10 

2.7-3.5 

5117 

3.70 

51170 

Andrographis paniculata (Burm.f.) Wall. 

2 

2.8-3.2 

2321 

.3.36 

4642 

Anti gone n leptopus Endl. 


8 

1-1.75 

12235 

4.08 

97880 

Canna indica L. 


1 

7-7.5 

4037 

3.60 

4037 

Cassia tora L. 


5 

5-5.5 

5729 

3.75 

28645 * 

Clerodendrum japonicum (Thumb.) Sodect. 

4 

3-3.2 

9097 

3.95 

36388 

C. indicum (L.) 0. Kuntze 


4 

3.2-3.5 

11137 

4.04 

44548 

Datura me tel L. 


5 

5.5-6.5 

3133 

3.49 

15665 

D. stramonium L. 


5 

5-5.5 

4563 

3.65 

22815 

Ipomoea fistulosa Mart, ex Choisy 


5 

6-6.5 

96426 

4.98 

482130 

Jatropa carcus L, 


5 

3-3.2 

2713 

3.43 

13565 

J. gossypifolia L. 


5 

2-3.5 

1496 

3.17 

7480 

Lantana camara L. 


5 

2.5-2.8 

326 

2.59 

1630 

Martynia annua L. 


2 

3-3.6 

10906 

4.03 

21812 

Nerium indicum Mill 


5 

1.4-2.2 

205 

2.31 

1025 

Opuntia dillenii L. 


70 

2.5-2.8 

1556 

3.19 

108926 

Solanum indicum L. 


5 

3-3.2 

13223 

4.12 

66115 

S. evianthum D. Don 


5 

2.5-3.2 

27568 

4.44 

137840 

Tabernaemontana coronaria Willd. 


5 

2-2.2 

544 

2.73 

2720 


Tables 2, 3 and 4 show the pollen production figures 
obtained for the 54 angiospermic species. Table 2 shows 
that among herbs, Cereus hexagonus produced 259490 
pollen grains per flower followed by Solarium xantho- 
carpum (183915), Ipomoea pes-tigridis (132140) and 
Solarium nigrum (120505) and lowest pollen production 
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was noticed in the herbs; Pilea microphylla (1208), 
Evolvulus nummularius (1335), Oldenlandia corymbosa 
(1410), Wahlenbergia gracilis (1440) and Xyris indica 
(1510). Table 3 revealed that among shurbs, Ipomoea 
fistulosa produced maximum number of pollen grains 
(482130) per flower followed by Solanum evianthum 
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Table 4. Pollen production in trees 


Plant 

No. of Length of 

anthers/flower anther (mm) 

Average no. of 
pollen/anther 

Log 

pollen/anther 

Average no. of 
pollen flower 

Anacardium occidentale L. 

10 

2-2.5 

1236 

3.09 

12360 

Bauhinia variegata L. 

5 

4-5.2 

168889 

5.22 

844445 

B. acuminata L. 

5 

5-5.4 

133720 

5.12 

668600 

Cresentia cujete L. 

4 

5.5-5.9 

129601 

5.11 

518404 

Delonix regia (Boj) Raf. 

7 

4-4.6 

14262 

4.15 

99834 

Hamiltonia suaveolens Roxb. 

5 

3-3.2 

4957 

3.69 

24785 

Vitex negundo L. 

4 

1.25-2.2 

1120 

3.04 

4480 



HABIT 

Figure 1. Pollen production in some terrestrial angiosperms. 


.4 



2 4 6 8 10 12 14 1 6 18 20 22 24 26 28 

PLANT NUMBER 


Figure 2. Pollen production per anther in some terrestrial angio- 
sperms. 


(137840), Opuntia dillenii (108920) and lowest pollen 
production was noticed in Nerium indicum (1025), fol¬ 
lowed by Lantana camara (1630), Canna indica (4037) 
and Andrographis paniculata (4642) pollen. Table 4 
deals with the tree species; Bauhinia variegata showed 
highest pollen production of 844445 followed by Bau¬ 
hinia acuminata (668600), Cresentia cujete (518404) 
and Delonix regia (99834), and the lowest number was 
recorded in Anacardium occidentale (1236P), Vitex 


negundo (4480) and Hamiltonia suaveolens (24785). It 
has been observed that pollen production in terms of 
number per anther and also per flower varies widely 
from genus to genus, species to species and even within 
the same genus. 

Agnihotri and Singh^ studied the pollen production in 
10 species of Indian grasses to establish a correlation 
between size of the pollen grains and length of the an¬ 
thers with the pollen production in a taxon, confirming 
our earlier observation. Mandal et al} stated that pollen 
production per flower in a taxon is not only dependent 
on size of the anther or size of the pollen grain but is 
also controlled by other factors like periodicity, re¬ 
sponse to light and nutrient availability. Terrestrial spe¬ 
cies produce large quantities of pollen compared to 
aquatic ones\ The aquatic plants are mostly adapted for 
self-pollination, and are propagated not only by seeds 
but also by root stalks and stolons. So the rate of pro¬ 
duction of pollen grains and the number of flowers pro¬ 
duced in these plants are lesser than those of terrestrial 
plants. 

The present study confirms that pollen production in¬ 
creases with habit, i.e. from herbs to shrubs to trees 
(Figures 1 and 2). Pohl® gave the figure of pollen pro¬ 
duction per anther, flower, inflorescence and annual 
production which averages to many millions for square 
metres of ground covered. Smart et al!^ explained that 
variation in pollen production by an individual plant 
might be genetically fixed. At the same time, Joppa et 
reported that among the cultivated species, dip¬ 
loid plants produced more pollen than the tetraploids. 
Variation in pollen production has also been reported by 
other workers^’^’^^"^^. 

The present study is thus helpful from the following 
points of view: 

1. The quantitative estimation of pollen produced is 
one of the essential prerequisites in dispersal biol¬ 
ogy^. This has significance in the interpretation of 
data on the pollen content of the atmosphere, honey 
and sedimentary deposits^. 

2. Pollen grains have been proved to be a source of 
respiratory allergy^. According to Thommen’s pos¬ 
tulate^, which is accepted by aerobiologists and al- 
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lergists, the allergenic pollen in the atmosphere 
cause allergy symptoms if pollen are found in great 
abundance in air and pollen are buoyant and trans¬ 
portable, wind-pollinated and the plants producing 
these pollen are widely distributed. Obviously, the 
plants known for high-pollen productivity and are 
wind-pollinated are more significant for pollen al¬ 
lergy problems in human beings. Hence for any 
studies on the botanical aspect of respiratory al¬ 
lergy, data on the pollen incidence have to be corre¬ 
lated with those of pollen productivity, 

3. Assured reproductive success of a plant species may 
be brought about by several ways: increased prob¬ 
ability of the male and/or female gametic success in 
fertilization, faster and ensured development of 
seed, etc^"^. A plant during its flowering period pro¬ 
duces large amounts of pollen grains, most of which 
are not involved in fertilization and instead remain 
suspended in air as pollen grain, before settling on 
the ground or water surface. Cross-pollinated plants 
usually produce greater number of pollen grains 
than self-pollinated ones, thus increasing the prob¬ 
ability of success of fertilization. 

4. Although aquatic plants produce less quantity of 
pollen grains compared to terrestrial plants, the 
pollen released by the aquatic plants affects the 
water environment. Consequently, a knowledge of 
quantitative production and methods of dispersal of 
pollen grains are significant as these factors, di¬ 
rectly or indirectly, are involved in causing pollu¬ 
tion in the environment. 

5. Survey of the deposition of pollen grains of a par¬ 
ticular area and production of pollen grains of a 
plant can sometimes be used as an index of the 
vegetation pattern of that area. 


1. Mandal, S., Dan, P. K. and De, A. K., Environ. Eco., 1989, 7, 
181-185. 

2. Mandal, S. and Chanda, S., Biol Mem., 1981, 6, 1-61. 

3. Erdtman, G., in Pollen and Spore Morphology/Plant Taxonomy, 
Almqvist and Wiksell, Stockholm, Sweden, 1956. 

4. Coca, A, F., Waltzer, M. and Thommen, A., in Asthma and Hay 
Fever in Theory and Practice, Springfield, Ill, 1931, p. 851. 

5. Reddi, C. S. and Reddi, N. S., Grana, 1986, 25, 55-61. 

6. Nair, P. K. K. and Rastogi, K., Ciirr. Sci., 1963, 32, 566- 
567. 

7. Agnihbtri, M. S. and Singh, B. P., J. Palynol., 1975, 11, 151- 
154. 

8. Pohl, F., Bot. Zbl Abi., 1937, A56, 365-470. 

9. Smart, I. J., Tuddenham, W, G. and Knox, R. B., Aust. J. Bot., 
1972, 27, 335-342. 

10. Joppa, h. R., Me Neal, F. H. and Bery, M. A., Wheats Crop Sci., 
1968,8.487-490. 

11. Scott, R. K. and Longden, P. C., Ann. AppL Biol, 1970, 66, 
129-135. 

12. Janki Bai, A. and Subba Reddi, C., Adv. Pollen Spore Res,, 
1980, 5-7, 217-224, 

13. Rangaswamy, S. R. and Raman, V. S., Pollen Spores, 1973, 15, 
189-193. 

910 


14. Uma Shaanker, R. and Ganeshaiah, K. N., Proc. Indian Natl 
Set Acad., Part B, 1982, 48, 354-360. 

15. Uma Shaanker, R. and Ganeshaiah, K. N., Curr. Sci., 1991, 60, 
319-321. 


ACKNOWLEDGEMENTS. We thank the CSIR, New Delhi for pro¬ 
viding financial support for the present investigation. 

Received 5 September 1997; revised accepted 11 March 1998 


Late Quaternary sea level changes in 
western India: Evidence from lower 
Mahi valley 

Rachna Raj, D. M. Maurya and L. S. Chamyal 

Department of Geology, M.S. University of Baroda, Vadodara 
390 002, India 

The Mahi and Kothiyakhad are two recently estab¬ 
lished marine formations from the Late Quaternary 
continental succession of the lower Mahi valley, Gu¬ 
jarat. These formations have yielded fairly rich as¬ 
semblages of foraminiferids, confirming their marine 
origin. The Mahi Formation indicates that the first 
major transgression of about 7-8 m high took place 
around 240 Ka in the Mahi valley during Late Qua¬ 
ternary. However, the second transgressive phase at 
~ 4,000 years BP, represented by the Kothiyakhad 
Formation, is to be viewed in the light of the tectonic 
uplift in recent times. Results of radiocarbon dating 
of bottom and top mud layers of Kothiyakhad section 
indicate that the sea-level was high up to 2,000 years 
BP. 

The Mainland Gujarat across which the Mahi river 
flows, comprises a huge thickness (100-500 m) of par¬ 
tially indurated sediments of diverse origin. These have 
been investigated in the past for their detailed lithologic, 
stratigraphic, sedimentological characteristics and de- 
positional environments^"^. The emphasis so far has 
been on the processes and agents of deposition and the 
climatic variations. No concrete evidences for Late 
Quaternary sea-level changes have been recorded from 
the Mainland Gujarat. Studies from the off-shore region 
of the west coast are however better documented which 
provide evidence in support of the Late Quaternary sea- 
level changes^'^, and similar evidences are required 
from the mainland to address this problem. 

Our studies on geomorphic, stratigraphic and micropa- 
laeontologic aspects of the lower Mahi valley (Figure 1) 
provide records of high sea-levels during Middle Pleis¬ 
tocene (~ 240 Ka BP) and Holocene (~ 4,000 years BP). 

CURRENT SCIENCE, VOL. 74. NO. 10, 25 MAY 1998 



RESEARCH COMMUNICATIONS 



Figure 1. Geoinorphic map of the Lower Mahi Valley‘^^ showing limits of the Middle Pleistocene and Middle .Holocene high sea 
levels (Inset: location map). 


Two marine formations from the lower Mahi valley 
namely the Mahi and the Kothiyakhad formations have 
been recently reported^"^. These two formations occur¬ 
ring at different stratigraphic levels are characterized by 
abundance of foraminiferids. This communication at¬ 
tempts to record the foraminiferids from the above two 
formations, and provides database on the two major 
transgressive phases in the lower Mahi basin during 
Middle Pleistocene and Holocene, which may be useful 
to compare the off-shore record of the west coast of 
India. 

The lower Mahi basin, a major part of which encom¬ 
passes the alluvial plain and the estuarine zone 
(Figure 1), is dominated by sediments of marine, fluvial 
and aeolian origin. It falls within the southern part of the 
Cambay basin. Numerous signatures of the Cambay ba¬ 
sin tectonics are engraved on the Quaternary sediments. 
Reactivation of the various Tertiary faults helped in 
opening up several sub-basins that formed the sites for 
the accumulation of Quaternary sediments. The E-W 
Mahi estuary marks the Mahisagar fault which demar¬ 
cates the Cambay-Tarapur block to the north and the 
Broach-Jambusar block to the south. The fault has dis¬ 
placed the trappean basement by more than 1300 m^, 
The subsurface East Cambay Basin Margin Fault 
(ECBMF) crosses the river near Singrot^ A distinct 
change in the meandering pattern is observed as the 
river enters the Cambay basin. Several step faults, paral¬ 
lel to the ECBMF, have influenced the meander pattern 


of the river and controlled the sedimentation pattern in 
Mahi basin^’^^. 

The Mahi channel has incised the Quaternary sedi¬ 
ment successions in the form of vertical cliffs as high as 
40 m in the alluvial plain. Two distinct surfaces, an 
older surface (Si) and a younger surface (S 2 ), have been 
identified (Figure 1). The Si surface is paired, highly 
dissected, comprising; clays, gravels, sands, and silts of 
diverse origins ranging in age from Middle to Late 
Pleistocene (~ 240 Ka to 10,000 years BP). The 
downcutting of this sedimentary succession and the ex¬ 
tensive ravine erosion, giving rise to a deep incised val¬ 
ley is attributed to an Early Holocene tectonic uplift^®. 
Four distinct formations (Rayka, Shihora, Singrot and 
Kothiyakhad) have been identified within the exposed 
Quaternary sediments along these two surfaces in the 
Mahi river basin^ (Figure 2). The oldest exposed marine 
clays, termed as basal clay\ have now been assigned 
status of a separate formation namely the Mahi Forma¬ 
tion^. 

The younger surface (S 2 ) is represented by a low flat- 
topped surface that typically corresponds to the mor¬ 
phology of a terrace. It occurs as a series of unpaired 
elevated surfaces along the river channel that terminates 
abruptly against the older surface (Figure 1). These val¬ 
ley fill terraces are noticed on the convex banks of the 
present day meanders of the Mahi river and were depos¬ 
ited as fhe Middle Holocene high sea transgressed onto 
the incised fluvial valley^®. The height of the terraces 
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Mujpur member 
(6 - 9 m) 

Kothiyakhad formation 
(4 ka to 1.7 ka) 

Vanoda member 
(8-12 m) 

Timba member 
(2 - 3 m) 

Singrot 

formation 

Phajalpur member 
(3 - 4 m) 
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(5-6m) 
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Figure 2. Composite lithostratigraphy of the Mahi basin^ . Dates of 
the Kothiyakhad Formation are after Kusumgar et 


varies from 3 to 6 m from the river level. Such surfaces 
are met all along the lower Mahi right up to the mouth 
of the river. The incised cliffs, ranging in height from 3 
to 6 m, show the sediment nature of Kothiyakhad For¬ 
mation that builds these terraces (Figure 3). 

Microfaunal studies were carried out on the clays of 
the Mahi and Kothiyakhad formations exposed at Rayka 
and Kothiyakhad (Figure 1). These two formations have 
been presumed to be of marine origin on the basis of 
their field characters'’^®. The successions exposed at 
Rayka and Kothiyakhad constitute the best sections in 
the entire Mahi valley. 

The Mahi Formation is made up of a highly pedoge- 
nized bluish mottled clay and forms the base of the ex¬ 
posed Quaternary succession (Figure 2). At Rayka, it is 
made up of greenish-brown clays that ranges in thick¬ 
ness from 0.5 to 3 m and occurs at an altitude of 20 m 
above mean sea level. The base of these clays is not ex¬ 
posed and continues to a depth of 25 m below the msl at 
Rayka^^ The formation is highly fractured and has pre¬ 
served various field evidences that point to pedogenesis. 
The entire formation has yielded a fairly good assem¬ 
blage of benthic foraminiferids comprising (Figure 3) 


Pararotalia sp., Brizalina spp., Nonion spp., Cibicides 
spp., Florllus spp., Ammonia spp., and three species of 
planktonic foraminiferids, viz. Turborotalia sp., Globi- 
gerina bulloides (Parker, Jones and Brady) and GlobU 
gerinoides ruber (d’Orbigny). 

The Kothiyakhad Formation is best exposed at Kothi¬ 
yakhad and Mujpur, These are located on the north and 
south banks of Mahi estuary. The bases of both the sec¬ 
tions terminate abruptly in the river water which makes 
them unapproachable during high-tide periods. The ex¬ 
posed section is dominantly made up of silty-sands and 
intercalated mud layers. The entire thickness of the 
Kothiyakhad Formation has been grouped into two litho- 
facies - tidal estuarine muds and medium-to-coarse flu¬ 
vial sands and silts (Figure 4). The tidal estuarine facies 
comprise cross-stratified to rippled sand with abundant 
mud laminae, mud flasers and layers of estuarine mud. 
The fine-to-medium fluvial sands are well sorted and 
exhibit parallel horizontal bedding and wave ripples, 
indicating a subdued tidal influence compared to the 
underlying tidal estuarine sands and muds. The muddy 
units have yielded good populations of foraminiferids 
compared to various silty-sand units and cross-bedded 
sandy units, which are either barren or have yielded 
fresh-water ostracods and pelecypod shells. A total of 
25 genera of foraminiferids were identified (Figure 4) 
from the mud units'^. The benthic foraminiferids are rep¬ 
resented by the species of Brizalina, Bulimina, Bolivina, 
Biloculina, Lagena, Triloculina, Pseudobulimina, Hop- 
kinsina, Sagrina, Ammonia, Cibicides, Discorbis, Dis- 
corbinella, Florilus, Hastegerina, Melonis, Nonion^ 
Nonionella^ Pyrgo, Pararotalia, Parafissurina, Pyr- 
goella and Rosalina along with few other rotaliids. Few 
planktonic foraminiferids, which include Globigerinoi- 
des sacculifer (Brady), Globigerina bulloides (Parker, 
Jones and Brady), Globigerinoides ruber (d’Orbigny) 
have been recorded. 

The studies along the coasts of Mainland and 
Saurashtra envisage high sea-levels ranging from 2 to 
25 m during the Late QuaternaryThe two trans¬ 
gressions recorded are during Middle Pleistocene 
(~ 240 Ka and - 130 Ka) and Middle Holocene (6,000 
to 4,000, years BP). The Pleistocene high sea-level rose 
to + 2 to -i- 6 m (130 Ka BP) (ref. 12), + 25 m (- 240 Ka 
BP) (ref. 13), + 25 m (~ 240 Ka BP) (ref. 15), +7 m 
(- 130 Ka BP) (ref. 14), whereas the Middle Holocene 
sea level has been reported to range from + 6 to H- 8 m 
(6,000 years BP to 4,000 years BP) (refs 13, 15) and 2- 
6 m (6,000 years BP) (ref. 12). Juyal et al}^ have how¬ 
ever invoked that the Holocene transgression rarely ex¬ 
ceeded 3 m in Saurashtra. 

The recognition of Mahi Formation as marine from 
the Mahi valley has a great bearing on the Middle 
Pleistocene high sea along the west coast of India^ The 
formation occurs 20 m above the present day sea level 
and extends up to Bhadarwa, which is about 45 km 
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Figure 3. Distribution chart of foraminiferids in the Mahi Formation (P = Present). 
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Figure 4. Litholog of the Kothiyakhad Formation with distribution of foraminiferids (P = Present). Age data is after Kusumgar et alP 


north of the present day shore line of the Gulf of Cam- 
bay. Based on archaeologic data, the overlying gravels 
of Rayka Formation have been assigned an age of 
-- 200 Ka (refs 1, 17), The underlying Mahi Formation 
can thus safely be dated to ~ 240 Ka (refs 1, 17), sug¬ 


gesting that the Middle Pleistocene sea in this part was 
high, which correlates well with the warm event in the 
Indian Ocean during this period^^. According to Merh^^, 
these 'blue-green clays’ represent the + 25 m Middle 
Pleistocene strandline of Saurashtra in the alluvial plains 
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of central Gujarat. However, this contention is not sup¬ 
ported by geomorphic or marine microfaunal evidences. 
It has now been established that the Lower Mahi river 
basin, which forms the southern part of the active Cam- 
bay basin, has witnessed phases of uplifts around 9 and . 
2 Ka BP (ref. 10). The Middle Pleistocene high sea- 
level is thus difficult to visualize until the exact magni¬ 
tude and rates of uplifts are determined. However, the 
data on the sea-level and neotectohism of the area sug¬ 
gests that the Middle Pleistocene (- 240 Ka) high sea 
was perhaps 7-8 m only above the present level of sea. 
CLIMAP members^^ suggested a rise of about 7 m dur- * 
ing 130 Ka and the sea level seems to have risen to 7- 
8 m during similar palaeowarmths. Similarly along the 
Saurashtra coast, a tectonically-active area, the Middle 
Pleistocene sea level has been recognized as high as 
+ 7 m (ref. 14) after making correction for tectonic up¬ 
lift. Higher levels of sea envisaged by other workers^^’^^ 
did not take into account the Late Quaternary tectonic 
activity in Saurashtra and adjoining areas. The global 
sea-level curves show that the level of sea fluctuated 
considerably during Upper Pleistocene^°’^^ 

Rise in sea-level was rapid during early Holocene and 
reached its present level (or slightly higher than the 
present) around 6 Ka (ref. 22). The unpaired younger 
terraces of the Lower Mahi valley are reported to be a 
product of Middle Holocene high level sea (refs 4, 10, 
23). The dates reported by Kusumgar et alP of 
bottom and top mud layers of Kothiyakhad section 
indicate that deposition of the terrace continued up to 
the last 2,000 years BP. The sediment record does not 
indicate any regression of the Holocene sea, however, 
periods of subdued marine influence during the course 
of deposition are readily identifiable’®. Evidences for 
the Late Holocene regression envisaged by Merh’^*^"^ on 
the Gujarat coast have not been found. Alternatively, the 
occurrence of raised mudflats and sandy beaches on 
Mainland Gujarat coast could be attributed to the Late 
Holocene-Recent uplift of the area’®. As the sea level is 
presumed to have remained at the same level ’ ’ , the 
asymmetrical lower terraces all along the Mahi valley 
attained the present elevations mainly because of the 
tectonic uplift of the area and this continues even 
today’®. Since the Holocene transgression is overlapped 
by tectonic uplift, it is not possible to ascertain the net 
magnitude of sea-level rise during the Holocene. Similar 
conditions are encountered on the Saurashtra coast 
where the Holocene sea rise is masked by tectonic 
emergence of land’"’’’^. 

The Mahi basin has evolved as a result of several 
phases of tectonic uplifts and sea level changes as 
discussed above. Remarkably, similar observations 


regarding the sea level changes and neotectonic activity 
on the west coast have been made by Rao et al?. The 
results obtained so far are more correlatable to the 
offshore sea level record rather than the variously 
interpreted continental record of Gujarat. A critical 
evaluation of the Late Quaternary neotectonic activity in 
the region is needed before a dependable curve for sea 
level changes are put forth as illustrated by Pant and 
Juyal'^. 
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Natural eutrophication and fish kill in 
a shallow freshwater lake 

V. P. Venugopalan, K. Nandakumar, 

R. Rajamohan, R. Sekar* and K. V. K. Nair^ 

Marine Biology Programme, Water and Steam Chemistry Laboratory, 

BARC Facilities, Kalpakkam 603 102, India 

'•‘CAS in Botany, University of Madras, Chennai 600 025, India 

We record our observations on natural eutrophica¬ 
tion and associated i^sh kill in a natural lake, caused 
entirely by roosting aquatic birds. Phosphate import 
via bird droppings led to monospecific blooming of 
the green alga Chlorella sp. in the lake void of any 
human interference, paving the way for bottom 
hypoxia and large-scale fish kill. 

Eutrophication, a process by which rivers, lakes and 
coastal seas become increasingly rich in nutrients and 
plant biomass, is a direct consequence of increased ur¬ 
banization and changes in land use pattern^’^. Several 
lakes, rivers, estuaries, enclosed bays and seas are 
known to be undergoing this kind of nutrient enrichment 
with deleterious consequences^'"^. The source of nutrients 
can often be traced to anthropogenic emissions such as 
agricultural run-off, phosphate-rich detergents, washings 
from intensive farming units, etc.'"’. The eutrophication 
that ensues from such causes is referred to as cultural 
eutrophication. Natural eutrophication, on the other 
hand, is a slow process from human point of view, tak¬ 
ing place over periods of thousands of years^. We had 
an opportunity to observe such a phenomenon in a natu¬ 
ral lake. In May 1995, large-scale fish mortality (ca 
900 kg) was observed in the Kokilimedu lake and found 
that most of the dead fish were grass carp 
(Ctenopharyngodon sp.), introduced into the lake about 
15 years back. The incident of such a large-scale fish 
kill in an isolated lake, totally prohibited from human 
activities, was at first baffling. A preliminary survey 
showed that the lake was eutrophic. Surface-dissolved 
oxygen levels were low (about 1.5 mg/1) and tempera¬ 
ture was high (about 35°C). Based on such observations 
it was hypothesized that the fish kill had occurred due to 
bottom hypoxia which drove fishes to the surface water 
where the prevailing high summer temperatures killed 
them. Subsequently, a detailed study was undertaken to 
estimate the nutrient levels and phytoplankton standing 
crop in the lake. Factors leading to nutrient enrichment 
in the lake were ascertained. 

The Kokilimedu lake is a shallow perennial fresh¬ 
water lake, located about 1.5 km from the seacoast at 
Kalpakkam (60 km south of Chennai), on the east coast 
of India. It has a spread of 0.6 km^, with a maximum 


^For correspondence. 
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depth of 2.8 m (z = 1.3 ± 0.3 m). Being located within a 
protected area, the lake has not been subjected to any 
human or industrial activity (including fishing) for the 
past 15 years. There is no human settlement within 
about 10 km radius of the lake. The lake is fed entirely 
by rainfall during the two monsoons and has no tributar¬ 
ies leading to it. 

Samples of water in duplicate and sediment (cores) 
were collected from ten stations spanning three transects 
in the lake in June 1996. Surface water samples were 
collected in a clean bucket and the subsurface samples 
using a Nansen water sampler fitted with reversible 
thermometer. The transparency of the water column was 
measured using a secchi disc. All water parameters were 
analysed based on standard methods^. Phytoplankton 
enumeration was done using a haemocytometer. Bird 
droppings were scraped from tree leaves and analysed 
for total nitrogen (by CHN analyser) and soluble 
reactive fractions of ammonia, nitrite, nitrate and 
<9~phosphate by dissolving a known amount of the sam¬ 
ple in a known volume of distilled water^. 

Sediment cores (18-20 cm long) were taken manually 
with 2.5 cm dia PYC tubes. The sediment was extruded 
by gently pushing it out from one end and cutting it into 
1 cm sections. Vertical profile of organic carbon and 
sulphur in the lake sediment was estimated using a 
Perkin Elmer PE 2400 CHNS Analyser. Analytical pre¬ 
cision, in terms of coefficient of variation for 6 repli¬ 
cates, was 1.8% at a carbon level of 1% (by weight). 

The water had an average chloride content of 620 
and 665 mg 1“^ and a conductivity of 3040 and 
3040 |xS cm~* at surface and 1 m depth, respectively 
(Table 1). Temperature and dissolved oxygen measure¬ 
ments showed that the lake was stratified with respect to 
temperature and dissolved oxygen, with a surface tem¬ 
perature of 31.8°C and a subsurface (1 m depth) tem¬ 
perature of 29.9®C. Secchi disc transparency was 
<0.5 m. Among the nutrients, phosphate levels were 
surprisingly high: 63 |ig~P 1"^ at the surface and 65 pg- 
P at 1 m depth (Table 2). The respective levels of 
nitrate were 5.2 and 9.1 pg~N r\ . Chlorophyll a values 
were also uniformly high with a mean of 46 pg r\ 
Microscopic examination of the water samples showed 
that Chlorella sp. was the major (97.6%) micro- 
alga, along with a few diatoms (1.5%) and 


Table 1. Distribution of chloride, conductivity, temperature, dis¬ 
solved oxygen, and chlorophyll a values (mean ± SD) in the 
Kokilimedu lake during the study 


Variables 

Surface 

1 m depth 

Chloride (mg T*) 

620 ± 67 

664+ 12 

Conductivity (ps cm~^) 

3040 ± 50 

3040 ± 40 

Temperature (°C) 

31.8 + 0.7 

29.9 + 0.4 

Dissolved oxygen (mg 1"’) 

5.0 + 1.1 

3.6+ 0.4 

Chlorophyll a (pg 1"^) 

45.2+13.6 

9.4 ± 12.5 
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Table 2. A comparison of nutrient contents (mean + SD) in the 
Kokilimedu lake and the reservoir 



Koklimedu lake 


Nutrients 

Surface 

1 m Depth 

Reservoir 

Nitrite (|ig N1"*) 

2.7 ± 1.7 

2,810.6 

5.511.1 

Nitrate (fig N 1"^) 

5.213.3 

9.1 19.7 

167.5152.3 

Phosphate (pg P 1"^) 

62.8 ±6.5 

60,3 1 16.9 

13.617.8 

Silicate (pg Si 1"’) 

896 ± 328 

10351582 

26751 1662 


Table 3, Phytoplankton compositon in Kokilimedu lake during the 

study 


Group 

Species 

% Composition 

Green algae 

ChoreUa sp. 

97.6 


Kircheriella obesa 

0.3 


Ankistrodesmus sp. 

0.2 


Tetradesmus sp. 

0.2 


Scenedesmus sp. 

0.2 

Diatoms 

Nitzschia sp 

0.9 


Navicula sp. 

0.2 


Achnanthes sp. 

0.1 


Cymbella sp. 

0.2 


Amphora sp, 

0.1 


Other green algae (0.9%) (Table 3). The sediment sam¬ 
ples were all sandy in composition. Typical profile of 
organic carbon and sulphur contents is shown in 
Figure 1. 

According to the generally accepted eutrophication 
guidelines^ (total P>20|igr\ chlorophyll a > 10 |lg.rS 
Secchi disc transparency < 2 m), the Kokilimedu lake 
can be reckoned to be eutrophic. The N:P (nitrate to o- 
phosphate) ratios are far lower than the Redfield ratio 
and indicate an import of phosphate into the lake. Since 
anthropogenic routes of nutrient supply into the 
Kokilimedu lake are discounted, the only possible 
source is by natural enrichment. It is observed that many 
overhanging tree (e.g. Ficus sp. and Casuarina equiseti- 
folio) branches are colonized by a large population of 
aquatic birds, especially little cormorants Phalacroco- 
rax niger. Cormorants are gregarious birds and build 
nests on trees. They fly long distances in search of food 
and return to their nest after feeding^. They are well- 
known guano producers, who withhold excreta for nest 
building^®. Bird guano is rich in nitrogen (11-16%) and 
phosphate (8-12%)^^ The nutrient analyses showed that 
the droppings were indeed rich in nutrients (total N 
13.8%, NHa 19.3 p.g N g‘‘, NO2 3.7 |ag N g"', NO3 
3.7 |ig N g"\ PO 4 3.0 mg P g'*). The birds routinely 
feed in the nearby Sadras and Edaiyur backwaters (ca 10 
and 3 km away, respectively) and return to their nests by 
the banks of the Kokilimedu lake. This leads to a net 
import of nitrogen and phosphorus into the lake, causing 
a phytoplankton bloom. 


Percentage 



Figure 1. Vertical profile (typical) of organic carbon and sulphur in 
the lake sediment. Data given are for Sta #2. 


We compared the nutrient levels in the Kokilimedu 
lake with those in a nearby freshwater reservoir situated 
about 5 km away, within the same complex. This artifi¬ 
cial reservoir (spread 0.17 km^, hold-up 28400 m^ re¬ 
ceiving water from a sub-soil river bed of the river 
Palar) is used for reactor cooling. A comparison of data 
(Table 2) shows that the Kokilimedu lake has signifi¬ 
cantly high levels of c?-phosphate. Earlier, Ryther and 
Dunstan^^ have shown that phosphate is an index of or¬ 
ganic pollution, resulting from duck farms in the 
Moriches Bay, Long Island. 

Organic carbon and sulphur in sediment cores have 
been used by earlier workers to reconstruct eutrophica¬ 
tion history^^’^"^. Our observations indicate a gradual 
increase in the sediment organic carbon in recent sedi¬ 
ments (Figure 1). Sediment sulphur levels of > 1% indi¬ 
cate anaerobic sedimentary conditions'"^. In the present 
study, the sediment sulphur levels do not point to such 
conditions. However, eutrophic conditions can result in 
decline of species diversity of the phytoplankton and 
increase in single species dominance, as overall popula¬ 
tion and biomass increase^. This is evident from the 
monospecific explosion of Chlorella in the lake. The 
lake water phytoplankton gave a low value of Shannon’s 
species diversity index (0.15) and high value of species 
dominance index (0.95). The selection of a green alga 
like Chlorella sp. in the lake is probably due to its in¬ 
herent low nitrogen to phosphorus ratio which matches 
well with the low N:P ratio of the lake water. In 
Moriches Bay, receiving effluents from duck farms, 
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Ryther and Dunstan^^ have reported that the phytoplank¬ 
ton consisted of an almost pure culture of the green al¬ 
gae Nannochloris atomus and Stichococcus sp. and 
suggested that low C:N ratio of the Chlorophyceae was 
partly responsible for their predominance. It is interest¬ 
ing to note that such natural eutrophication and associ¬ 
ated bottom hypoxia, combined with surface warming 
and thermal stratification, could lead to fish kills in a 
water body which is entirely free from human interven¬ 
tion. Earlier, Leah et al.^^ have reported a case of phos¬ 
phate enrichment in a brackish water environment 
(Hickling Broad), caused mainly by excretion of migra¬ 
tory gulls. To our knowledge, this is the first report of a 
case of eutrophication and associated fish kill in a lake 
caused solely by natural processes mediated by birds. 
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A Laboratory Guide to Glycoconju- 
gate Analysis. P. Jackson and J. T. 
Gallagher (eds). Birkhauser Verlag, 
Basel. Boston. Berlin, 1997, Price Sfr. 
128 (H.B.) 405 pp. __ 

Glycoconjugates play a variety of roles 
in the biological systems and these roles 
are, determined by their carbohydrate 
molecules. A search for an understand¬ 
ing of the functions of the carbohydrates 
has stimulated an upsurge in the devel¬ 
opment of methods for the analyses of 
both their biological interactions and 
their chemical structures. This book is 
designed to fulfill the need for an up-to- 
date compendium that describes in de¬ 
tail, the well-proven and effective meth¬ 
ods for the analysis of complex 
carbohydrates which occur in biological 
systems. The book serves as a labora¬ 
tory guide to glycoconjugate analysis. 
The editors have effectively complied 
twenty chapters on different aspects of 
glycoconjugate analysis, contributed by 
experts in particular areas. Each chapter 
describes the principle of the method 
used, detailed procedure including 
sample preparation and detection tech¬ 
niques, merits and demerits of the tech¬ 
nique, trouble shooting, acknowledge¬ 
ments and references. 

The book provides an account of the 
method used for the detection and 
analysis of carbohydrates in glycopro¬ 
tein including detection and blotting. 
There is a good coverage of the use of 
HPLC in glycoconjugate analysis. A 
considerable portion of the book has 
been devoted to HPLC of derivatized 
and nonderivatized oligosaccharides, 
HPLC strategies for profiling and se¬ 
quencing oligosaccharides, the applica¬ 
tion of three-dimensional HPLC to the 
identification of N-linked oligosaccha¬ 
ride structure, determination of the di¬ 
saccharide composition of glycosamino- 
glycans by HPLC and simultaneous 
fluorescent labelling and biotinylation 
of oligosaccharides - a versatile ap¬ 
proach to the HPLC analysis of oligo¬ 
saccharide structure and function. High 
performance anion-exchange chroma¬ 
tography-pulsed amperometric detection 
(HPAE-PAD) monosaccharide and oli¬ 
gosaccharide analysis of glycoproteins 
electrotransferred onto polyvinylidene 
fluoride membrance is discussed. 

Gel electrophoresis occupies a unique 
place in the glycoconjugate analysis. A 


review concerning the polyacrylamide 
gel electrophoresis of fluorophore- 
labelled reducing saccharides is pro¬ 
vided in this book. Also included are 
carbohydrate analysis with capillary 
electrophoresis, oligosaccharide profil¬ 
ing of keratan sulphate, analysis of the 
structure of heparin and heparan sul¬ 
phate by high-resolution separation of 
oligosaccharides, application of two- 
dimensional capillary electrophoresis to 
the identification of glycan structures, 
analysis of protein-carbohydrate inter¬ 
actions by FACE/Gel retardation assay, 
application of capillary affinity electropho¬ 
resis to the analysis of carbohydrate- 
protein interactions and analysis of 
protein-glycosaminoglycan interactions 
by affinity co-electrophoresis. Prepara¬ 
tion of neoglycolipid for structure and 
function assignments of oligosaccha¬ 
rides is also discussed. 

The book will be useful to students 
and researchers in the field of chemistry 
and glycobiology, and engaged in ana¬ 
lytical work involving glycoconjugates. 

Nirmolendu Roy 

Department of Biological Chemistry, 
India?! Association for the Cultivation 
of Science, 

Calcutta 700 032, India 


A Brief Introduction to Numerical 
Analysis. Eugene E. Tyrtyshnikov. 
Birkhauser-Verlag, AG, P.O. Box 133, 
CH 4010, Basel, Switzerland. 1997. 202 
pp.DM 118. 


Numerical analysis is one area which is 
useful to the majority of scientists and 
engineers. Some of the methods still 
widely used are very old (e.g. the New- 
ton-Raphson method) while others are 
very recent (e.g. wavelets). 

Of the recent advances, wavelet 
analysis^ is one technique which has 
become enormously popular (almost to 
the point of becoming a fad) over the 
past few years. Wavelet theory involves 
representing general functions in terms 
of simpler, fixed building blocks at dif¬ 
ferent scales and positions. The wavelet 
analysis is particularly useful since in¬ 
dividual wavelet functions are quite 
localized both in space and frequency 


(or characteristic scale). Because of this 
feature, large classes of functions and 
operators when represented using 
wavelets become sparse which makes 
computation very fast. 

Finite element method is another 
major tool in numerical analysis with 
applications in structural mechanics, 
fluid mechanics, thermal analysis, etc. 
Traditionally, the finite element method 
used piece-wise polynomials of fixed 
degree /?, and it was the mesh size h 
which was decreased for increased accu¬ 
racy. Recently, methods where h is kept 
fixed and p is increased (the so-called p 
version) and where both h and p are 
varied (the h-p version) have been pro¬ 
posed^. For certain problems, these 
versions have much higher rate of con¬ 
vergence compared to the traditional h 
version. 

Solutions of linear systems form an¬ 
other important component in numerical 
analysis. The numerical solution of 
large sparse linear systems lies at the 
heart of many large-scale scientific and 
engineering computations. One of the 
significant advances in direct methods 
for sparse matrix solution was the de¬ 
velopment of the multifrontal method^ 
The method reorganizes the overall 
factorization of a sparse matrix into a 
sequence of partial factorization of 
dense, smaller matrices. This method is 
most advantageous for positive definite 
systems. Developing parallel algorithms 
for dense and sparse linear matrices has 
received a lot of attention with the ad¬ 
vent of fast parallel computers'^. These 
algorithms aim to break down the com¬ 
putational work into a number of 
subtasks that can be assigned to separate 
processors leading to considerable 
speed up. The main challenge has been 
to adapt the number and size of these 
tasks to the target parallel architecture. 
Maximum success has been obtained for 
the numerical factorization part and less 
progress is visible in other areas like 
ordering. 

There has also been a lot of research 
on replicating (with suitable modifica¬ 
tions) the procedures for solving eigen¬ 
value problems (in particular the Ar¬ 
nold! and Lanczos algorithms) for self- 
adjoint operators to unitary operators . 
Advances have also been made in solv¬ 
ing the Toeplitz systems, which form an 
important class of linear systems with 
applications in signal processing, time 
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series analysis, image processing, etc. 
Recently, fast direct Toeplitz solvers 
have been developed^’ which require 
0 (n log^ n) operations. Preconditioned 
conjugate gradient methods have been 
proposed^ which require only 0(n log n) 
operations and are more stable. 

There have been several important 
developments in numerical solutions of 
initial value ordinary differential equa¬ 
tions (ODEs). Special methods, which 
deal with ODEs having symplectic 
structure, have been developed over the 
last decade^. Methods which preserve 
phase space volume and integrals of 
motion have also been proposed, Taylor 
series methods (to very high orders) 
have become practical and more widely 
used with the advent of techniques like 
differential algebra. Like Taylor series 
methods, ODE solvers of the extrapola¬ 
tion type were also historically consid¬ 
ered poor cousins of the more famous 
RK and Adams algorithms. General 
interest in extrapolation methods has 
been revived recently with the develop¬ 
ment of a new A-stable discretization 
based on the semi-implicit mid-point 
rule along with new order and step-size 
control methods'*^. 

The list of recent advances in the area 
of numerical analysis that we have listed 
above is, needless to say, subjective and 
incomplete. However, we hope we have 
conveyed a flavour of recent develop¬ 
ments in the field. 

Coming to the book under review, the 
author has wisely decided not to write 
yet another cook book describing the 
various algorithms. There are already 
many such books (several of which are 
excellent). It is oriented towards 
mathematicians and those who want to 
understand the proofs behind various 
results routinely used in numerical 
analysis algorithms. It details some of 
the technical results that have been re¬ 
cently proved. Therefore, it provides a 
good mathematical base from which one 
can aspire to read recent research papers 
in the area. The book is, however, 
heavily biased towards solutions of lin¬ 
ear systems. Slightly more than half of 
the 200-page book is devoted to this 
area. On the other hand, there is no 
mention of ODEs and PDEs! Other 
topics in numerical analysis like inter¬ 
polation, solutions of nonlinear equa¬ 
tions, least squares method, splines, 
numerical integration, optimization, 


integral equations, etc. are all com¬ 
pressed into less than 100 pages. In this 
sense, there is a serious imbalance in the 
topics treated in this book. 

The book is organized as a series of 
21 lectures with 11 lectures devoted to 
linear systems. The book starts with an 
explanation of metric spaces, norms and 
various types of matrices. This should 
be useful to non-mathematicians. The 
book then delves into the details of 
solving linear systems with special em¬ 
phasis on the QR algorithm. The fifth 
lecture deals with spectral distances, 
clusters, etc - topics not usually found 
in books at this level and presumably 
included because the author has con¬ 
tributed to this area. Standard methods 
like LU decomposition, Cholesky and 
Gram-Schmidt methods are also dealt 
with in some detail. The treatment of all 
these topics is mathematically rigorous. 
The second-half of the book is a com¬ 
pact but readable treatment of the re¬ 
maining topics in numerical analysis 
(the glaring omission being differential 
equations). 

To summarize, this book would be 
useful to readers interested in a mathe¬ 
matically rigorous treatment of various 
topics in numerical analysis (especially 
linear systems). However, those with 
interests in differential equations should 
look elsewhere. 
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Textbook of Nutrition and Dietetics, 
Kumud Khanna et al Phoenix Publish¬ 
ing House Pvt Ltd, 22 Prakash Apart¬ 
ments, Ansari Road, DaryaganJ, New 
Delhi 110 002. 1997. 355 pp. Rs 155. 


While nutrition is a science, dietetics is 
its practical application. Translation of 
the knowledge of nutrition into nutri¬ 
tionally balanced diets which are cul¬ 
turally acceptable and suitable for 
different income, age, and physiological 
groups, demands knowledge of disci¬ 
plines such as anthropology, economics, 
human psychology, food chemistry, etc. 

While balanced diet is important to 
maintain good health in healthy indi¬ 
viduals, diet and nutrition are extremely 
important in the management of dis¬ 
eases as well. Special knowledge of 
therapeutic nutrition and diets is needed 
for the management of degenerative 
diseases like, diabetes, cardiovascular 
diseases, gastro-intestinal and liver dis¬ 
orders, and renal disorders. Yet, Nutri¬ 
tion and Dietetics are neglected fields in 
India. 

Most hospitals in India, except a few 
big corporate hospitals, do not have a 
dietician on their staff, and many phy¬ 
sicians do not realize the importance of 
therapeutic diets. In this scenario, the 
above-mentioned book is timely and 
valuable. Though primarily aimed at 
undergraduate and post-graduate home 
science students and teachers, medical 
and nursing students, teachers, and 
practitioners would also find it useful. 
The book is written in a simple, reader- 
friendly style, and hence even lay peo¬ 
ple with some knowledge of biology (or 
even without it), will find it helpful. 

The introductory chapter is very short 
and discusses the scope of the book. 
The subject matter is presented in three 
units “ meal planning (unit I), normal 
nutrition (unit II) and therapeutic nutri¬ 
tion (unit III), with further division into 
chapters under each unit. At the end of 
each chapter some key words and exer¬ 
cises are given. A common list of some 
important references is given at the end 
of the book. For many tables, the source 
is not mentioned beneath the table and 
hence the reader has to guess the source 
from the list of references. Some 
references mentioned in the text eg. 
Sauberlich et al. 1974 (page 56), do not 
figure in the references list. Two 
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important and useful tables - 
recommended dietary allowances of 
Indians, and nutritive values of some 
Indian foods are given in the appendix - 
wisely the source is mentioned beneath 
these tables. Inclusion of a subject index 
would have been helpful. 

Unit I provides some basic informa¬ 
tion on nutrients, their functions and 
dietary sources, and factors which need 
to be considered in meal planning. Food 
exchange lists based on protein and 
calorie contents of foods are provided. 
Apart from giving a table of compre¬ 
hensive food exchange list which com¬ 
pares different food groups, (milk, meat, 
cereals, pulses, vegetables and fruits), 
separate exchange lists for different 
items within a food group are also 
given. In the exchange list for vegeta¬ 
bles, green leafy vegetables which are 
richly endowed with micronutrients 
(vitamins and minerals) are equated 
with gourds because of comparable 
calorie content, though they are nutri¬ 
tionally poor. The author has of course 
mentioned elsewhere the need for in¬ 
cluding the green leafy vegetables, how¬ 
ever, a note of caution regarding such 
substitutions would have been helpful. 

A life cycle approach has been used 
to discuss normal nutrition. Thus in unit 
II, different chapters deal with nutrition 
in adulthood, pregnancy and lactation; 
infancy, childhood adolescence and old 
age. Physiology of growth and devel¬ 
opment and the scientific basis of the 
current dietary recommendations for 
nutrients have been discussed. Apart 
from giving tables of recommended 
dietary allowances for-different ages and 
physiological groups, for each of these 
groups, food exchange plan for formu¬ 
lating the day’s diet and sample menus 
have been listed. Unfortunately, all the 
menus described are affordable only by 
the upper middle-income and high- 


income families. Few, middle-income 
families can afford more than 500 ml of 
milk per person and yet most menus 
prescribe more than this amount. 
Though a general suggestion has been 
made that those who cannot afford milk 
and meat can include more pulses, some 
effort could have been made to suggest 
menus for at least the low middle- 
income families. 

Many of the dishes suggested may not 
be culturally suitable for most Indians 
except perhaps the urban Punjabis. 
There is frequent mention of paneer, 
and whole legumes like ‘chana’ and 
‘rajmah’. Green gram dal (‘mung daP), 
which is very easy to digest and rela¬ 
tively inexpensive, has not been men¬ 
tioned, though sprouted whole mung has 
figured. Tdli’ and ‘upma’ - popular and 
common breakfast items in south In¬ 
dia - in fact whole of India, have been 
mentioned just once or twice and that 
too as afternoon snacks. Surprisingly, 
dishes like ‘dosai’, ‘uttapam’ and ‘aloo 
paratha’ which are also very popular 
throughout India are missing. On the 
other hand, corn flakes, cheese sand¬ 
wiches and mushrooms figure fre¬ 
quently. Some of the dishes mentioned 
are alien even to the reviewer - eg. 
‘eggs on birds nest’ as a breakfast dish. 
Processed soybean (chunks and gran¬ 
ules) are nutritious and have become 
quite popular even among the poor, but 
these have not been mentioned at all. 
White meat, particularly fish, is nutri¬ 
tionally superior, being low in choles¬ 
terol and high in n-3 polyunsaturated 
fatty acids, yet, mention of fish is miss¬ 
ing and instead ‘keema’ (I assume mut¬ 
ton keema) is frequently included in the 
menu. India is a vast country and some 
effort could have been made to present 
menus catering to different regions and 
incomes. Apple has been mentioned 
more frequently compared to other more 


nutritious fruits. However, a summary 
table giving foods rich in various nutri¬ 
ents has been given, and the reader is 
advised to be guided by that information 
rather than the menus suggested. 

As a text book is read by people from 
various countries, an effort at giving the 
botanical names for the regional names 
of vegetables and some explanation for 
the regional dishes used should have 
been made. In fact a glossary of re¬ 
gionally used words would have been 
very helpful. 

The section on therapeutic nutrition is 
useful for nutritional management of 
obesity, febrile illness, gastro-intestinal 
and liver disorders, and degenerative 
diseases like diabetes, cardiovascular 
diseases, and renal diseases. Pathologi¬ 
cal and physiological changes and in 
some cases even the treatment have 
been discussed, perhaps at greater 
length than needed. However, dietary 
management of some important nutri¬ 
tional deficiency disorders like anaemia, 
clinical forms of protein calorie malnu¬ 
trition in children, and metabolic disor¬ 
ders like urolithiasis and some inborn 
errors of metabolism have been omitted. 

The above criticism apart, in general, 
the book ts well written (barring a gen¬ 
erous mix-up between English and 
American spellings - a common Indian 
failing), and suitably illustrated. Key 
information has been presented in boxes 
to facilitate reading. Thus, this book 
will be a useful compendium to another 
recently published Text Book of Human 
Nutrition. Indian readers will find this 
book less expensive than the foreign 
textbooks published in this field. 


Mahtab S. Bamji 

Dangoria Charitable Trust, 

Hyderabad 500 020, India 
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Harish-Chandra and his mathematical legacy: Some personal 
recollections 


Sigurdur Helgason 

Harish-Chandra was the greatest 
mathematician of Indian origin in our 
times. He was an algebraist and an ana¬ 
lyst who was the principal creator of 
infinite-dimensional representation the¬ 
ory, a subject which through his work 
and many others has become a central 
topic in contemporary mathematics. 

While his work is largely cumulative 
and thus has a certain monumental 
quality, it has proved a fertile ground 
for progress in several fields of mathe¬ 
matics. 

Harish-Chandra was born on 11 
October 1923 in Kanpur in North India. 
His father, Chandrakishore, was a Civil 
Engineer who at the end of his career 
was Executive Engineer of the Uttar 
Pradesh Irrigation Works. Much of 
Harish-Chandra’s childhood was spent 
at the home of his maternal grandfather 
in Kanpur. This was also home to a 
number of relatives, and apparently 
Harish-Chandra did not always find the 
turbulent atmosphere congenial. How¬ 
ever, he derived from there a love of 
music, both the ragas from his home¬ 
land and later also music of western 
composers. 

His early education was given special 
attention, a tutor was hired, and in 
school he was younger than his class¬ 
mates. He finished intermediate college 
in Kanpur at the age of 16, obtained his 
Master’s Degree at the University of 
Allahabad in 1943 at the age of 20. On 
10 October 1993 (when he would have 
been 70) a bust of Harish-Chandra was 
unveiled at the Mehta Institute in mem¬ 
ory of their brilliant student. 

In 1940 he came across Dirac’s clas¬ 
sic, Principles of Quantum Mechanics 
and this aroused his interest in theoreti¬ 
cal physics. He then came to Bangalore 
and joined the Physics Department, 
Indian Institute of Science and decided 
(on C. V. Raman’s advice) to work with 
Homi Bhabha, then a Reader in the 
Physics Department. K. S. Krishnan too 
took special interest in Harish-Chandra 
and recommended him as a research stu¬ 
dent to Homi Bhabha. Already by 1944 he 


and Bhabha published a joint paper ‘On 
the Theory of Point Particles’. 

The image of young Harish-Chandra, 
as conveyed by Langlands through 
recollections of Harish-Chandra’s 
mother-in-law is that of a young man, 
precocious in his studies, somewhat 
high strung, yet timid and frequently ill. 

The mild-mannered and gentle Krish¬ 
nan inspired in Harish-Chandra great 
respect and affection. But as Langland 
puts it, ‘Harish-Chandra’s ascetic nature 
did not allow him to perceive the vir¬ 
tues accompanying the high-living 
Bhabha’s extravaganza’. 

The first papers of Harish-Chandra 
were published in the Proc. Royal 
Society, London, and came to the atten¬ 
tion of Dirac. Probably at the recom¬ 
mendation of Bhabha, Dirac accepted 
Harish-Chandra as a research student in 
Cambridge. In 1944, Dirac had written 
one of the first papers on the infinite¬ 
dimensional representations of the 
Lorentz group. The classification of 
all such representations became the 
topic of Harish-Chandra’s thesis (1947). 
This classification was carried out at 
about the same time by Bargmann 
(USA) and Gelfand-Naimark in the So¬ 
viet Union. 

In 1947-48 Dirac went to the Insti¬ 
tute for Advanced Study in Princeton 
and Harish-Chandra was appointed as 
his assistant. But at that time his inter¬ 
est shifted to mathematics. He realized 
that some of the arguments in his thesis 
were shaky and not sufficiently rigor¬ 
ous. Mentioning this to Dirac, the latter 
responded ‘I am not interested in 
proofs, but only in what nature does’. 
Harish-Chandra stated later, ‘This re¬ 
mark confirmed my growing conviction 
that I did not have the mysterious sixth 
sense which one needs in order to suc¬ 
ceed in physics and I soon moved over 
to mathematics’. We mathematicians 
can be truly grateful for that. 

It is somewhat amusing that in the 
introduction to his thesis he expresses a 
mild disagreement with some of Dirac’s 
physical interpretations. 


Dirac apparently approved heartily of 
Harish-Chandra’s shift in fields and 
during this year at the Institute he 
plunged into mathematics with tremen¬ 
dous appetite, eager to master it all. 
However, because of his own back¬ 
ground and since Chevalley’s book on 
Lie groups had recently appeared he 
turned to a systematic study of this 
subject, undoubtedly stimulated by the 
presence in Princeton of Hermann 
Weyl, Claude Chevalley, and his con¬ 
temporary George D. Mostow, who had 
recently completed his thesis in this 
field. 

Considering his rather irregular 
mathematical background he seems to 
have devoured the existing Lie group 
theory, tough as it was, at a ferocious 
rate; in April 1948 he submitted to the 
Annals of Mathematics a new algebraic 
proof of one of the major theorems in 
the subject, Ado’s theorem. This theo¬ 
rem can be briefly explained as follows. 

A Lie algebra is a vector space V, 
dim V < oo such that to each pair 
X, Y e V is associated a third vector 
[X, V] e V. This assignment is assumed 
to satisfy: 

[X, y]=-[7,x] 

[[X, y],z] + [[7,z],x] 

+ [[z,^, y] = o. 

Example: = {all nXn matri¬ 

ces}, where [Z, 7] = ZT- YX. 

Ado’s Theorem. Every Lie algebra is 
isomorphic to a subalgebra of some M„. 

During the spring of 1948, Harish- 
Chandra wrote 5 other papers on Lie 
theory. Some gave new and better 
proofs of known results. Around 1950, 
armed with a complete command of Lie 
group theory, Harish-Chandra embarked 
on a project which was to occupy him 
for the rest of his life, namely ‘Infinite- 
dimensional representations of 
semisimple Lie groups’. Semisimple Lie 
groups have a very rich structure theory, 
due primarily to Elie Cartan, so this 
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project was indeed a very natural con¬ 
tinuation of his thesis. 

In this undertaking he steered a mid¬ 
dle course between the significant ex¬ 
amples studied by Bargmann, Gelfand 
and Naimark and the general theories 
for locally compact groups developed 
by Godement, Mackey, Segal and 
others. This was also a very wise choice 
because here he could take full advan¬ 
tage of the rich structure theory of 
semi simple Lie groups. The resulting 
theory is infinitely richer than the corre¬ 
sponding results for general locally 
compact groups. 

With hindsight this choice of topic 
seems almost automatic; so it is worth 
recalling that this choice went against 
the prevailing winds at the time (1950). 
Analysis on abelian locally compact 
groups G was then almost completely 
developed and there was a general op¬ 
timism around that the same could be 
done for nonabelian locally compact 
groups by functional analysis tools: 
Haar Measure and the theory of Opera- 
tor Algebras, But Harish-Chandra’s 
work was soon to change that attitude. 

Career 

M Sc 1943 - University of Allahabad 
1943-1945 - Research student, Indian 
Institute of Science, Bangalore 
1945-1947 - Research student, Uni¬ 
versity of Cambridge 
Ph D 1947 - University of Cambridge. 

1947- 1948 - Institute for Advanced 
Study, Princeton 

1948- 1949 - Jewett Fellowship, Har¬ 
vard 

1950-1963 - Columbia University with 
the following leaves: 

1952-1953 - Tata Institute, Bombay 
1955-1956 - Institute for Advanced 
Study, Princeton 

1957-1958 - Guggenheim Fellow, Paris 
1961-1962 - Institute for Advanced 
Study, Princeton. 

1963-1983 - Permanent member, Insti¬ 
tute for Advanced Study, Prince¬ 
ton. 

From this chronology it is clear that 
Harish-Chandra’s career as a professor 
at a University spanned only 8 years and 
I do not believe he had any graduate 
students writing a thesis under his di¬ 
rection. However, he gave regularly 
very advanced graduate courses on 


fields, which he was keenly interested 
in (Siegers theorem on quadratic forms, 
class field theory, etc.) but not until 
1962-63 did he give a course related to 
his own work. 

After he came to the Institute in Prin¬ 
ceton in 1963, he gave regular lectures on 
work in progress. These lectures were not 
only attended by interested members at the 
Institute but also by occasional graduate 
students at Princeton University. 

His pioneering work on representa¬ 
tion theory started with his 1951 paper 
‘On some applications of the universal 
enveloping algebra of a semisimple Lie 
algebra’ (Transactions, AMS). 

This algebra, denoted B, can be con¬ 
structed as follows. Let X/,...,X„ be a 
basis of the Lie algebra Then B is the 
set of all noncommutative polynomials 
in Xu Xn, where however, X 1 X 2 - 
X 2 X 1 ^[Xi,X 2 ]. This first paper is in¬ 
fluenced by work of Chevalley and the 
algebra 5 is a central object in all of 
Harish-Chandra’s later works. It is very 
important that if G is a Lie group with 
Lie algebra ^ then B can be viewed as 
the algebra of left invariant differential 
operators on G. This paper was fol¬ 
lowed by three others in the Transac¬ 
tions (1953-1954). These papers 
created the foundation of the subject. 

He now found himself in new unex¬ 
plored territory and everywhere he 
looked there were natural, conceptually 
compelling problems to deal with. 
Looking backwards and remembering 
the primitive state of the subject in 
1950, one does not know what to ad¬ 
mire most: the uncanny insight in find¬ 
ing the right chain of intermediary 
results to prove, or the consummate 
skill in carrying out the complex proofs. 

Using his tool of the so-called 
analytic vectors, he showed that irre- 
ducibility questions for unitary repre¬ 
sentations could be settled by purely 
algebraic criteria. This initiated the 
study of what is now called Harish- 
Chandra modules. If AT is a maximal 
compact subgroup of G, Harish- 
Chandra proved that a given K-iypt 
occurs only finitely many times in a 
given irreducible representation of G 
and that there are only finitely many 
irreducible representations of G with a 
given infinitesimal character containing 
a given A"-type. 

Finally, inspired by work of Gelfand 
and Naimark on the complex classical 


groups, he defined the principal series 
Jj^i^p^sentations of G and showed (his 
sub'-^fotient theorem) that essentially 
all irreducible unitary representations of 
G can be captured in this way (although 
a bit indirectly). 

These papers were primarily algebraic 
but they formed the basis of the theory 
of characters of representations. 
Gelfand and Naimark had shown for the 
complex classical groups that even for 
the infinite-dimensional representations 
of the principal series one can attach a 
character: 

X^(s) = ^|(jr(g)e,.e,0 

because this defines a function on the 
set of all regular elements g in G. Har- 
ish-Chandra proceeded via distribution 
theory, showed that if 7t is any irre¬ 
ducible unitary representation the opera- 
tor 3z(J) = Saflg)jtig)dg (f being a 
smooth compactly supported function) 
is of trace class and that the functional 
/^ Tr(ji(f)) is a distribution on G in 
the sense of Schwartz (the J^’-finiteness 
theorem, which I mentioned earlier, is 
the basis of this proof). This functional 
%K is called the character of the repre¬ 
sentation and was intensely studied by 
Harish-Chandra in the early sixties. In a 
series of five profound papers, he 
showed that XJt is actually a locally 
integrable function on G, analytic on 
the dense regular set G' , but may blow 
up on the lower dimensional set G-G\ 

His principal aim was an explicit 
Plancherel formula 

/(!) = 

G 

where G = set of equivalence classes of 
irreducible unitary representations of G 
and d;r is a measure which should be 
explicitly given in terms of a concrete 
parametrization of G . 

Such a formula had been proved by 
Gelfand and Naimark for the complex 
classical groups already in the late for¬ 
ties. This did not cover the case of the 
group SL(2, R) (the very simplest 
simple Lie group). This was done by 
Harish-Chandra in 1952 (based partly 
on Bargmann’s paper already men¬ 
tioned). Already this case shows that the 
case of real G is much more compli¬ 
cated than the case of complex G and 
this led Harish-Chandra to his very deep 
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theories of orbital integrals and the 
discrete series. Each of these is a 
beautiful creation in its own right and 
enters significantly in the final 
Plancherel formula (with explicit djt). 
As another step along the way, he de¬ 
veloped the theory of spherical func¬ 
tions in two beautiful papers in 1958 
where the remarkable c-functions first 
appears. 

His final paper completing the 
Plancherel formula was published in 
1976, 

Thus, Harish-Chandra’s magnum 
opus, which one might call ‘Harmonic 
Analysis on Semisimple Lie groups’ 
stretched unbroken from 1951 to 1976. 
The cumulative nature of this work of 
25 years leads one to characterize it as 
monumental; yet even this does not do 
justice to the courage and pioneering 
efforts, conceptual and technical, which 
are needed to overcome the formidable 
obstacles on the way. 

Research highlights 

1. The Algebraization of Represena- 
tion Theory (1951-54), icT-finiteness, 
Harish-Chandra Modules. 

2. The theory of Characters (1955-65). 
The local integrability theorem. 

3. The Orbital Integral Theory (1957- 

66 ). 

4. The Discrete Series (1963-66). De¬ 
termination through the characters. 

5. The Spherical Function Theory 
(1958). The introduction of the c- 
function. 

6 . The Plancherel Formula (1951-76). 

A good deal of this work was done 
during periods of persistent ill health. It 
could hardly have been completed with¬ 
out the brave support of his dear wife 
Lily, who with patience and courage 
during serious illnesses remained a 
mainstay in his life. 

I first met Harish-Chandra in 1954 
when he was invited to Princeton to 
give a lecture on representation theory 
to the physicists. It is an indication of 
how little known the subject was then 
that I (who was a graduate student at the 
time) was, I believe, the only mathema¬ 
tician in the audience. While the subject 
was entirely foreign to me, the lecture 
made a lasting impression. It inspired 
my beginning systematic study of 


semisimple Lie groups and symmetric 
spaces. However, my tastes were more 
geometric than Harish-Chandra’s and I 
found it quite rewarding to relate some 
of his work to Cartan’s geometric devel¬ 
opment of his theory of symmetric spaces. 

In 1959 I happened to visit him and 
Lily in their small apartment in Butler 
Hall near Columbia University. I had 
been reading recently his two 1958 pa¬ 
pers on spherical functions (total about 
130 pages). I still remember a tiny desk 
in that apartment near the kitchenette 
and found out in amazement that in this 
ungainly workspace he had actually 
written these long magnificent papers. 
This tiny desk always symbolizes for me 
the ascetic discipline in his work habits. 
I understand that he wrote these long 
technical papers in three months. 

Of several honours Harish-Chandra 
received, I mention specifically the Cole 
Prize in 1954 and the Ramanujan Medal 
of the Indian Science Academy in 1974. 
During the fifties and sixties, the 
mathematical public watched in awe as 
dozens of major mathematical papers 
flowed from his pen; the subjects re¬ 
vealed a structure of surprising richness 
and beauty. As an example, one may 
mention the remarkable and mysterious 
c-function which is attached to any 
semisimple Lie group like an engraved 
jewel and has continued to reveal re¬ 
markable features. It is not surprising 
that as these mysteries unfolded Harish- 
Chandra became completely captivated 
by the subject. He often expressed the 
view (which is of course shared by 
many mathematicians) that many of the 
most exalted mathematical results reveal 
themselves to us as if they were crea¬ 
tions of a superior culture or even of a 
divine force. According to this view, the 
role of the mathematician is to uncover 
these creations like an archealogist or to 
foresee them like a clairvoyant rather 
than to invent them with his own mind. 

The year 1959-60 I spent at Colum¬ 
bia University and Harish-Chandra and 
I shared an office there. He was then 
giving a full year’s course on Siegel’s 
theorems for quadratic forms and I was 
giving a course on Lie groups. I remem¬ 
ber with a certain nostalgia many long 
and leisurely discussions we had on this 
subject. Shortly before I left Columbia 
for MIT in the Spring of 1960, he called 
me up and told me that he had suc¬ 
ceeded in proving the/initeness of the 


volume of the fundamental domain for 
arithmetic subgroups of semisimple Lie 
groups. This had been his ambition 
since his year in Paris 1957-58. He 
explained his proof to me with great 
pleasure. Knowing that he had not been 
altogether well that Spring, I remember 
telling Lily that same evening that this 
was a good occasion for her to persuade 
him to take a long vacation. But, ironi¬ 
cally, that summer he became rather 
seriously depressed, perhaps as a result 
of overwork. 

With long hours of intense work, 
Harish-Chandra was an extremely pro¬ 
lific writer. He pursued his goals with 
firm determination, avoiding unneces¬ 
sary distractions. Since each of his pa¬ 
pers was for the most part based on his 
own previous work, the writing was 
easy for him. For quite a while the fre¬ 
quency of these long papers caused 
more admiration than assimilation by 
the mathematical public. Determined 
readers of his papers were, however, 
pleased to find them written with ex¬ 
treme clarity and care. A patient reader 
found no insurmountable obstacles be¬ 
cause tedious details were given their 
due attention and not left to the reader 
to verify. This benefitted this new sub¬ 
ject of representation theory in two 
ways: 1) Workers in this field never 
hesitated using Harish-Chandra’s results 
even if they had not worked through or 
even seen the proofs; 2). His uncom¬ 
promising and precise style became an 
example for others to follow. 

I am sure that this has significantly 
contributed to the vigorous health 
which representation theory has enjoyed 
in recent years. In fact, the principal 
results of Harish-Chandra’s ‘Harmonic 
Analysis on semisimple Lie Groups’ are 
now in the process of receiving a sig¬ 
nificant generalization to semisimple 
symmetric spaces G!H, (This means that 
G is a semisimple Lie group and H is 
the fixed group of an involutive auto¬ 
morphism of G.) Since G can be written 
as G X G/DG {DG = diagonal in G x G) 
and G X G has the involution 
(x, y) (y, x) with fixed point group 
DG this is a very extensive generaliza¬ 
tion of Harish-Chandra’s theory. The 
principal participants in this develop¬ 
ment are Flensted-Jensen, Oshima, Mat- 
suki, Delorme, van den Ban and 
Schlichtkrull. Much of this research is 
still not published but an up-to-date 
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account can be found in an article by 
Ban, Flensted-Jensen and Schlichtkrull 
in ‘Proceedings of the Edinburgh Con¬ 
ference on Automorphic Forms and 
Representation Theory’, published re¬ 
cently by the American Mathematical 
Society. In contrast to Harish-Chandra’s 
development, the orbital integral theory is 
not needed for the Plancherel formula but 
will clearly become an interesting subject 
in its own right, generalized to GIH. Many 
interesting results already exist. 

The Institute in Princeton had few 
formal duties. There Harish-Chandra 
gave regular lectures on his own work. 
He delighted in describing his current 
ideas to others and it was indeed a 
pleasure to see his ideas emerging in 
their freshness. I remember a period in 
the mid-sixties when he was writing his 
major papers on the discrete series. I 
had an adjoining office at the Institute. 
Often I could not help hearing through 
the wall that he was loudly singing at 
his desk. Sometimes on such occasions I 
would knock on his door on a small 
pretext and find him delighted at the 
interruption and eager to explain to me 
what he was doing. I also remember him 
once coming to my office with a trou¬ 
bled look, having found an unexpected 
gap in a proof he was writing up. He 
came to ask me about some result I had 
proved relating bi-invariant differential 
operators on G to left invariant opera¬ 
tors on G/K. It turned out that these 
results convinced him that the gap could 
be filled but it would also mean that the 


theorem had to be proved by classifica¬ 
tion, a method which he had always ab¬ 
horred. Some of us at the Institute had a 
good time teasing him a little that now he 
would have to compromise on those prin¬ 
ciples. He took this with good humour but 
knowing now that the theorem was basi¬ 
cally right he came quickly up with a gen¬ 
eral proof (without classification). 

As I mentioned, during 1960 persis¬ 
tent illness began to cast an ominous 
shadow over Harish-CHandra’s life. He 
also realized that the long bouts of in¬ 
tensive mathematical activity might be 
harmful. On the other hand, mathemati¬ 
cal meditation had become such an in- 
tegral part of his life that abstaining 
from it seemed unnatural and strenuous. 
There was a compulsive streak in him 
which he could not easily control, es¬ 
pecially if he found an unexpected ob¬ 
stacle when writing up a proof. 

However, through expert medical 
treatment and Lily’s devoted care a 
certain equilibrium developed. Thus I 
remember that the years 1964-66, when 
I was at the Institute, were a happy, 
relaxed, and productive period for him. 
However in 1969 he had his first heart 
attack and from then on his heart con¬ 
dition was a cause of concern. In 1982 
it came to a serious crisis and he un¬ 
derstood from medical information that 
the prospects of recovery were dim. 
Here his family provided invaluable sup¬ 
port and for the sake of his safety his 
daughters, Premi and Dini, accompanied 
him on his long and frequent walks. 


It cheered him greatly to see again 
many old friends and colleagues at a 
conference at the Institute in October 
1983. Always the perfect gentleman, his 
spirit seemed to have lifted from the 
gloom of previous weeks. His warm 
handshake and radiant smile gave some 
of us a ray of hope; more likely it meant 
that he himself had come to terms with 
his bitter fate. On Sunday 16 October he 
and Lily had many of the participants at 
their home. After the guests had de¬ 
parted, he went for his customary walk, 
but collapsed on the way, was found by 
passers-by and pronounced dead at the 
hospital. His ashes were spread in Prin¬ 
ceton and immersed in the Ganges near 
Allahabad. 

He lives on in the cherished memo¬ 
ries of his friends and in his Collected 
Works which are a must for any serious 
student of representation theory. As I 
mentioned in the beginning, they have 
proved to be a fertile ground for 
mathematical progress in many different 
directions of which I have mentioned 
a very significant one ‘Harmonic 
analysis on semisimple symmetric 
spaces’. Thus it is certain that Harish- 
Chandra’s works will live for a long 
time as a brilliant chapter in the history 
of mathematics. 
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In this issue 


ATP and biochemical history 

A common cliche in biochemistry 
describes the adenosine triphosphate 
(ATP) molecule as the ‘energy 
currency in living cells’. ATP is 
ubiquitous in cellular chemistry; its 
large negative free energy of 
hydrolysis can be used to perform 
seemingly impossible chemical tasks. 
ATP occupies a central position in 
the history of biochemistry, growing 
very rapidly in importance since its 
discovery nearly seventy years ago. 
Yellapragada SubbaRow, whose cen¬ 
tenary was celebrated in 1995, should 
in fact be credited with discovery of 
ATP in 1929, while he was working 
in Cyrus Fiske’s laboratory at 
Harvard. SubbaRow did not publish 
his results quickly enough, with the 
result that Karl Lohmann working in 
Germany is credited with the dis¬ 
covery of ATP at nearly the same 
time. Fritz Lipmann was the first to 
appreciate the importance of the high 
energy bond in ATP. SubbaRow, of 
course, went on to make spectacular 
discoveries in the area of antibiotics 
at Lederle Laboratories and is indeed 
one of the all time greats of phar¬ 
maceutical science. ATP was back 
in focus last year when the Nobel 
Prize for chemistry recognized two 
separate lines of research, both of 
which involved a key role for ATP. 
Half the award went to the Danish 
biochemist Jens Skou for the discov¬ 
ery of the membrane ion pumps, 
which use ATP hydrolysis to power 
the transmembrane transport of cat¬ 
ions against concentration gradients. 
The other half recognized the major 
conceptual advances that have taken 
place in understanding the mecha¬ 
nisms by which ATP is synthesized 
in mitochondria, a cellular organelle 
often termed (to use another bio¬ 
chemical cliche) as the ‘powerhouse 
of the cell’. The process of oxidative 
phosphorylation has been a central 
theme of bioenergetics, where sub¬ 


strate oxidation, in a remarkable 
series of sequential reactions cata¬ 
lysed by membrane-bound enzymes, 
is linked (‘coupled’) to the synthesis 
of ATP by the mitochondrial 
ATP synthase. Coupling between 
these processes is achieved by a 
clever electrochemical artifice, 
involving the build up of the ‘proton 
motive force’, a concept which 
earned the late Peter Mitchell a Nobel 
Prize about two decades ago. The 
recent structure elucidation (inevita¬ 
bly by X-ray crystallography) of the 
F()F,-ATPase by John Walker and his 
collaborators was striking enough to 
persuade the Swedish Academy that 
the time was ripe to revisit the area 
of ATP biochemistry. The crystal 
structure supported many features of 
mechanisms for energy coupling and 
ATP synthesis, proposed by Paul 
Boyer in early 1970s. In this issue 
(page 953), T. Ramasarma returns 
to the fertile field of ATP biochem¬ 
istry. Several provocative questions 
on biological energy transduction 
remain unanswered. Rephrasing the 
questions in the light of new know¬ 
ledge may prove useful in designing 
incisive experiments that should pro¬ 
vide some answers. Despite advan¬ 
cing age, the ai'ea of ATP 
biochemistry will continue to evoke 
considerable interest. 


P. Balaram 


Ecology and behaviour of 
mountain goats: Better insights 
using multivariate statistical 
analysis 

Nilgiri tahr, the primitive mountain 
goat found in the southern Western 
Ghats has been one of the favourite 
animals of conservation biologists. 
Firstly, it is one of the only three 
large mammals endemic to India 


(lion-tailed macaque and nilgiri 
langur being the other two). Sec¬ 
ondly, it is very similar to its 
Himalayan counterparts found several 
thousand kilometers away. Thirdly 
and fourthly, like almost all rare wild 
animals, it is endangered and beau¬ 
tiful-so studying it is imperative. 

Nowhere is the phrase ‘easier said 
than done’ more appropriate than in 
the field of conservation biology. The 
study of any species of rare animals 
starts with - ‘let us find out where 
it occurs, and what is its population’. 
It takes years and years of intense 
efforts to obtain even moderately 
satisfactory answers to these ques¬ 
tions. The vast body of ecological 
data collected en route is generally 
mentioned only in passing - mainly 
because there are no particularly in¬ 
teresting hypotheses that need to be 
invoked. Occasionally, some 
rudimentary statistical analysis is 
undertaken, often just to avoid 
adverse comments from some over- 
finicky referee. 

However, inferential statistics is 
just one aspect of statistics. The 
other, less appreciated one is descrip¬ 
tive statistics, which has a good 
potential for* obtaining insights into 
the structure of complex datasets con¬ 
taining many interrelated variables. 
As shown on page 1000 of this issue 
by M. D. Madhusudan and A. J. T. 
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Johnsingh, application of some sim¬ 
ple multivariate statistical techniques 
to ecological data can very nicely 
highlight some of the subtle but in¬ 
teresting patterns in the system, 
which might have escaped notice 
otherwise. 

The study described in was con¬ 
ducted in the Eravikulam National 
park in Kerala during November to 
April, the birth season of the Nilgiri 
tahr. Sightings of all-male-bachelor 
herds, all-female herds (with young 
ones) and mixed herds were recorded. 
In addition, six habitat variables (e.g. 
altitude, rockiness, quantity of grass, 
etc.) were also recorded. When the 
simple multivariate technique of 
Principal Components analysis was 
used to examine this data, the authors 
found that only two composite vari¬ 
ables , can capture a substantial 


amount of information contained in 
the six variables. The major advan¬ 
tage of reduction to two dimensions 
is that one can now plot a graph, 
where every sighting of a herd is 
shown as a point in the space of 
these two composite variables 
describing the habitat where that herd 
was seen. This is where the major 
advantage of descriptive statistics is 
seen. The scatter plot shows that the 
all-male and all-female herds occupy 
quite distinct regions in the plot 
(though there is some overlap). By 
interpreting the values of the two 
composite variables corresponding to 
these regions, Madhusudan and 
Johnsingh bring out a very interesting 
pattern. The male herds seem to pre¬ 
fer regions where food is abundant. 
In contrast, female herds (containing 
defenceless youngs) would rather 


stick to safer areas close to cliffs, 
where danger of predation is reduced. 
With the benefit of hindsight, one 
may be able to elucidate these 
patterns from univariate data. How¬ 
ever, the important point is that this 
pattern could be seen only because 
of the ingenious use of Principal 
Components analysis. The authors 
make a very convincing case for a 
wider use of such statistical tech¬ 
niques in animal ecology. More 
details in the article on page 1000 
of this issue by M. D. Madhusudan 
and A. J. T. Johnsingh-and you 
can even contact the authors by 
e-mail; in a welcome development, 
Current Science has provided the 
e-mail address of the authors. 


N., V. Joshi 
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Greening earth scientists 


Of late, man has acquired the status of 
a geological agent; modifying landscapes, 
drainage systems and general climate at 
a pace much faster than that of nature. 
Cutting of hills and trees, reclamation of 
paddy fields that can act as huge sponges 
in absorbing rain water, plastering of land 
with concrete and converting vast tracts 
of natural systems into concrete jungles 
and altering natural drainage patterns dur¬ 
ing urbanization have created problems 
like landslides, floods, lowering of 
groundwater table, drying up of water 
courses and increase in the average air 
temperature in places where these prob¬ 
lems never existed before. 

Bangalore city which in the past had 
an abundance of tanks to intercept and 
store rain water is now facing water 
shortage, leading to water supply through 
pipes being limited to certain unearthly 
hours of the day. Plastering of land and 
obstmction of natural drainage have 
caused flooding in the city of Chennai 
even during small showers. And, the city 
of Thiruvananthapuram with more than 
250 cm average annual rainfall is facing 
water shortage due to the fast rate of 


urbanization and the inability to harvest 
the rain water, 90% of which goes to 
the sea as surface run-off. 

Urban centres are fast becoming huge 
hot houses due to the rise in the air 
temperature caused by the felling of trees 
and the blocking of normal air flow by 
giant concrete structures. In contrast, 
places with less concrete and having more 
trees are much cooler than the nearby 
cities. What all these mean is that we 
have dug our own graves due to unsci¬ 
entific land and water management. These 
problems have come to stay and will 
only worsen in the days to come. 

As earth scientists we can do a lot of 
things that can make significant and posi¬ 
tive changes. In fact it is our responsibility 
to reorient both research and applied sci¬ 
ences towards socially relevant activities. 

What can we do in this regard? 

A comprehensive package for urban 
landscape protection and management can 
be arrived at by geomorphologists, envi¬ 
ronmentalists and planners working in 
tandem. They should also create a mass 
awareness on these topics. Organizations 
related to water, like the Central and 


CORRESPONDENCE 


State Ground Water Departments, State 
Water Authorities and others can help 
the government by devising ways to pro¬ 
tect water for the benefit of the public. 
Also they can educate the public on the 
need for proper water management. En¬ 
vironmentalists should concentrate more 
on topics like management of urban green 
cover, and ways to bring down air tem¬ 
perature and air pollution in the cities. 
Only a concerted effort involving scien¬ 
tists, NGOs, Government officials, 
people’s representatives and the public 
will bear fruit. Last, but not the least, 
academic institutions, research labs and 
NGOs related to earth sciences should 
encourage more and more people to work 
in these areas. Let us think in terms of, 
and bring all the earth scientists under 
the banner of ‘urban geoscience for better 
living’ so that we can put what we learned 
to better use for the service of humanity. 

K. P. Jai Kiran 

Central Ground Water Board, 
Bhubaneswar 751 001, India 


NEWS 


Sen and Mashelkar elected to the Royal Society 


On 14 May 1998 The Royal Society 
elected forty new Fellows and five new 
Foreign Members. Two Indian scientists, 
Ashoke Sen and R. A. Mashelkar are 
among the newly elected Fellows. 

Ashoke Sen, 42, is a Professor in the 
Mehta Research Institute of Mathematics 
and Mathematical Physics, Allahabad. He 


is widely known for his brilliant contribu¬ 
tions to unravelling the structure of super- 
symmetric quantum field theory and super¬ 
string theory. He is a leading figure par¬ 
ticularly in the application of string theory 
methods to determine quantum properties 
of black holes as well as the structure of 
Yang-Mills quantum field theory. 


R. A. Mashelkar, 55, is Director Gen¬ 
eral of the Council of Scientific and 
Industrial Research. He has made out¬ 
standing original contributions to polymer 
engineering, notably in the modelling of 
polymerization reactors, diffusion in poly¬ 
meric media, transport studies in swelling 
polymers as well as non-Newtonian flows. 
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In particular his engineering analysis of 
secondary flows and particle motion/ 
deformation are considered both innova¬ 
tive and pragmatically important. 

Srinivasa Varadhan, Professor of 
Mathematics in the Courant Institute of 
Mathematics, New York University, is 


also among the newly elected members. 
Varadhan has been a central figure in 
the development of probability theory dur¬ 
ing the last thirty years. His work with 
Stroock on the Martingale formulation 
for Markov processes has changed fun¬ 
damentally how they are viewed which 


has proved essential for the study of 
Markov processes with complex state 
spaces. In his recent work on hydro- 
dynamic scaling he has since answered 
some of the difficult questions concerning 
the approach to equilibrium of large sys¬ 
tems with slow modes. 


Tree seed science and nursery technology in the conservation of 
forest genetic resources 


The rapid rise in human population and 
their consequent increased demands for 
more and more utilization of natural 
resources have led to the rapid depletion 
of forest cover and a disturbance in the 
ecological balance. Conservation of bio¬ 
diversity and more specifically forest genetic 
resources is, therefore, becoming increas¬ 
ingly important Since seeds are the major 
components of such conservation pro¬ 
grammes, it is not surprising that the focus 
of the annual meet of the Tnternational 
Union of Forest Research Organization’ 
(lUFRO) held during 22-25 November 
1997 was ‘Innovations in Forest Tree Seed 
Science and Nursery Technology’. 

The emphasis of conservation research 
today, is not only to select superior geno¬ 
types from amidst a population of highly 
variable cross-pollinated species but also 
to understand the reproductive biology of 
the concerned species. While a study of 
the seed development process is necessary 
to ascertain the right time of seed col¬ 
lection with respect to maturity, vigor 
and vitality, an understanding of the 
physiology and biochemistry of seeds 
helps in developing proper strategies for 
the storage of the three different types 
of seeds -‘orthodox’; ‘intermediate’ and 
‘recalcitrant’ and also in developing qual¬ 
ity saplings. 

The ‘recalcitrant’ seeds differ from the 
‘orthodox’ ones in their (i) inability to 
retain viability below a critical level of 
inherent moisture and also (ii) in the 
absence of processes or mechanisms 
which confer protection against desicca¬ 
tion during processing. Thus, storage of 
recalcitrant seeds is extremely difficult. 

Since recalcitrant seeds form the bulk 
of the plants, which comprise the tropical 
rain forests that cover almost half of all 
the plant species in the world, recalcitrant 


seed biology today is one of the most 
challenging areas of research. 

Seeds immediately after collection 
contain a mixture of both viable and 
nonviable seeds and must, therefore, be 
separated prior to processing and storage. 
‘Incubated-dry-separate’ method is a new 
technique by which viable and nonviable 
seeds can be separated in a column of 
water. This method is based on the prin¬ 
ciple that, in a mixture, following 
imbibition, the filled but nonviable seeds 
dry more rapidly than the filled viable 
seeds. Drying results in a large differential 
in seed moisture content or specific grav¬ 
ity and this makes the drier, nonviable 
seeds to float so that they can be easily 
separated from the wetter, viable seeds 
which sink to the bottom. However, even 
more attractive but non-destmctive tech¬ 
niques are the ‘Computerized Axial 
Tomography’ (CT) and the ‘Magnetic 
Resonance Imaging’ (MRI) which were 
elucidated by Jack A. Vozzo from USD A 
Forest Service, USA. In CT, single plane 
images of the entire seed are stored in 
computer programs and all consecutive 
planes are reconstructed into a 3-D model 
of the seed showing its internal organi¬ 
zation. MRI, however, images the mobile 
proton distribution which in turn repre¬ 
sents the amount and distribution of the 
hydrogen ions of bulk water and fatty 
acids. By this method, metabolic paths 
can be followed from point to point inside 
the seed and the physiology and mor¬ 
phology of the seeds can be clearly 
understood using different false colours. 
These methods help in distinguishing the 
live full seeds from the dead full seeds 
and the empty seeds. 

Drying of seeds up to their level of 
critical moisture content and the actual 
process of drying ai-e also important. 


While drying of ‘orthodox’ seeds without 
affecting viability is not problematic, that 
of ‘recalcitrant’ seeds may lead to. severe 
oxidative damages. Unlike the orthodox ; 
seeds, the recalcitrant seeds require a 
small amount of ‘matrix bound’ water 
for their viability. When this water is 
lost due to. drying, the integrity of mem¬ 
brane is irrevocably damaged and seed 
viability is rapidly lost. However, accord¬ 
ing to Patricia Berjak from the ‘Plant 
Cell Biology Unit’, University of Durban, 
South Africa, the time taken for water 
to be lost is of critical significance to 
the degree of dehydration that a recalci¬ 
trant seed will tolerate. She found tliat 
the oxidative damage due to the free 
radicals generated during drying could be 
prevented in species like Ekbergia by 
rapid drying. 

The second important component of 
conservation research is the development 
of scientific and proper nursery techniques 
for the planting of quality seeds as without 
it, even heavy investments in the collec¬ 
tion, processing and storage of seeds may 
go waste. Therefore, an understanding of 
the requirements for seed germination, 
sapling growth and soil science of the 
plantation site is essential for the estab¬ 
lishment of quality saplings. Today, the 
use of mycorrhiza in this area is fost 
becoming a novel approach as was indi¬ 
cated by B. N. John, Forest Research 
Institute, Dehradun. 

Biotechnological approaches can con¬ 
tribute greatly to afforestation pro¬ 
grammes as superior and elite plants can 
be mass-multiplied through micropropa¬ 
gation. Moreover, efficient conservation 
of threatened germplasm through artificial 
seed production and cryo-preservation is 
an important technique. However, M, R, 
Ahuja, Institute of Forest Genetics, 
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Federal Republic of Germuny maintained 
that a number of parameters should be 
accurately determined prior to cryo- 
preservation, viz. (i) cryo-preservation 
potential of each recalcitrant species, (ii) 
assessment of the amount and effect, of 
damage due to cryo>injury of both the 
cotyledon and embryonic axes separately, 


and (iii) the differentiation capacity of 
the explants after cryo-storage. The cryo- 
preservation technique can, therefore, be 
of any use only when these parameters 
are optimized. 

Lastly, identification of certain marker 
molecules and their biochemical paths 
which act as modulators of the response 


to stress may probably pave the way to 
transgenic recalcitrant seeds tolerant to 
desiccation stress. 


Amita Bhattacharya, Division of 
Biotechnology, Institute of Himalayan 
Bioresource Technology, Palampur 
176 061, India 


Participatory approach in biodiversity conservation: A case in 
the Himalaya 


The core group Conservation of Biologi¬ 
cal Diversity at G.B. Pant Institute of 
Himalayan Environment and Develop¬ 
ment, Kosi-Almora initiated a programme 
‘Peoples’ participation in Himalayan bio¬ 
diversity conservation’ in March 1995. 
The programme envisages to (i) impart 
education in biodiversity, (ii) generate, 
public opinion, and (iii) motivate young¬ 
sters to conserve and utilize local bio¬ 
diversity. The programme focused on the 
linkages between biodiversity elements 
and needs of local people. The first phase 
of the programme included training work¬ 
shops/discussion meetings and follow up 
action. The following target groups were 
recognized: (i) Resource group: rural 
inhabitants, peoples’ representative, 
NGOs and local officials, (ii) Management 
group: teachers, academics, and scientists, 
(iii) Work force group: students. Oyer 
400 participants representing these target 
groups have been given training in four 
training, workshops organized in ditTerent 
remote localities of District Pithoragarh 
in Kumaun Himalaya. While analysing 
the responses of participants in first 
three workshops, it was realized that 
attention should be focused on students 
and teachers. 

The IV Training Workshop, with 
desired re-orientation of programme fea¬ 
tures, was organized at LWS Girls Inter 
College Bhatkot, Pithoragarh on 24-25 
October 1997. Fifty-seven participants 


(students/teachers) representing 23 educa¬ 
tional Institutions attended the workshop. 

The most important component of the 
workshop was on-site training, featuring 
six capsules on biodiversity (1) Status, 
(2) Assessment, (3) Valuation, (4) Con¬ 
servation, (5) Soil, water and biodiversity 
interdependence, (6) Participation and role 
of target groups. Participants were intro¬ 
duced about biodiversity in general, its 
components and levels. Practically feasi¬ 
ble techniques for assessing local bio¬ 
diversity and its values were demonstrated 
under first three capsules. The last three 
primarily dealt with conservation. In situ 
ond ex situ conservation techniques were 
explained. Under ex situ technique, par¬ 
ticipants were exposed to fundamentals 
and importance of tissue culture tech¬ 
niques. Relationships and interdependence 
of soil, water and biodiversity were 
described and demonstrated through post¬ 
ers. Finally, under participation capsule, 
besides explaining and providing the for¬ 
mats for collecting information on local 
biodiversity, possibility of developing 
preservation models in school/college 
campuses was discussed. Importance of 
such models in ensuring maintenance of 
indigenous components of biodiversity 
was explained by furnishing examples of 
the successes of the earlier efforts in this 
direction.' Re vegetating degraded lands, 
development of nurseries and propagation 
packages of important species were also 


focused. Training on value addition as a 
practical option to augment their economy 
through effective utilization of bio-re- 
sources developed special interest among 
participants. 

A special feature of the workshop was 
a lecture delivered by V. K. Gaur 
of Indian Institute of Astrophysics, 
Bangalore, on evolution of earth and its 
living organisms. The exposition of the 
theme was received by the participants 
with great interest. The follow-up action 
under this programme is being given 
utmost importance. All the participating 
institutions are expected to initiate bio¬ 
diversity-related activities through an 
identified team under the lead^ship of 
trained teachers and students. This is 
being implemented through the involve¬ 
ment of district authorities of the Depart¬ 
ment of Education. The area-specific 
feedback from the participants will be 
analysed and documented by the Institute. 
This will also be complemented with 
scientific inputs generated by the Institute 
and other collaborating institutions. The 
programme activities are proposed to be 
extended to other parts of the Indian 
Himalaya through the units of this 
Institute. 


Conservation of Biological Diversity, 
Core Group, G.B. Pant Institute of 
Himalayan Environment and Develop¬ 
ment, Kosi-Almora 263 643, India. 
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Cognitive neuroscience: 

r. Ramakrishna ' 

Early findings 

The scientific inquiry into the differences 
of functions between the left and the 
right cerebral hemispheres in man is one 
of the most exciting and active areas of 
research in neuroscience in recent times. 
Speech, the grand culmination of evolu¬ 
tion that sets apart Homo sapiens from 
all other species, is controlled by the left 
half of the brain. Curiously, in more than 
40 patients with aphasia (loss of speech), 
Marc Dax, an obscure country doctor in 
Montpellier, France, found signs of 
damage to the left half of the brain. He 
presented his observations before a medi¬ 
cal society in 1836 (ref. 1). No one, 
however, paid any attention at that time 
to this seminal discovery of far-reaching 
significance. Subsequently, other func¬ 
tional asymmetries between the left hemi¬ 
sphere and the right hemisphere, have 
come to be known through clinical data. 
Damage to the right hemisphere leads to 
perceptual and attentional problems in 
spatial orientation (patient may be dis¬ 
oriented even in familiar surroundings). 
Such patients may have difficulty in 
recognizing familiar faces and they may 
also pay no attention to the left side of 
the body (such as, for example, not taking 
care of the appropriateness of the left side 
of the dress). On the contrary, damage to 
the left hemisphere usually does not produce 
such severe and long lasting neglect of the 
right side of the space. 

The brain asymmetries have been 
brought home dramatically through the 
work of Roger Sperry on split brain 
patients, whose corpus callosum, the 
major nerve fibre tract connecting the 
left and right cerebral hemispheres, has 
been surgically severed, in order to cure 
them of intractable epilepsy. He was 
awarded the Nobel Prize in Physiology 
or Medicine for his pioneering work in 
1981 (ref. 2) (see Figure 1). Limiting the 
stimuli to one hemisphere, a procedure 
known as lateralization, produced startling 
results in such patients. If a blind-folded 
split brain patient feels an object with 
the right hand (which is controlled prin¬ 
cipally by the left hemisphere), he or she 
will have no difficulty in naming the 
object. But if the procedure is repeated 
with the left hand, the patient will be 


The hemispheric war 


unable to name the object as the infor¬ 
mation about the object does not reach 
the speech centre located in the left hemi¬ 
sphere. Using visual and auditory stimuli 
to one hemisphere at a time, significant 
differences in the functions of the two 
hemispheres have been demonstrated in 
split brain patients (see Table 1). 

The dichotomania 

The above essentially physiological para¬ 
digms have led to extensive philosophical 
discourse on dual consciousness in the 
intact normal brain under certain condi¬ 
tions. Robert Omstein, the psychologist, 
claimed that the traditional dualisms of 
intellect versus intuition, science versus 
art and the logical versus mysterious are 
not simply a reflection of culture or 
philosophy^. According to him, the old 
belief in distinct eastern and western 
forms of consciousness has a physiologi¬ 
cal basis in the differences between the 
two hemispheres. Joseph Bogen, a neuro¬ 
surgeon involved in split brain research, 
argued that the current emphasis on the 
acquisition of verbal skills and analytic 
thought processes neglects the develop¬ 
ment of important non-verbal abilities, 
thereby showing the implications of re¬ 
search on hemispheric differences for edu¬ 
cation"^. The flip side of this research 
has, however, been the tendency to in¬ 
terpret every behavioural dichotomy (ra¬ 
tional versus intuitive; deductive versus 
imaginative) in terms of left brain and 
right brain, derisively named ‘dichoto¬ 
mania’ by some. 

Current research and the 
clinical applications 

Nevertheless, the recent discoveries using 
techniques such as the non-invasive 
optical spectroscopy and imaging of 
human brain function, which allow the 
virtual mapping of the functional states 
of different loci of the brain, while a 
normal subject is performing a task either 
verbal or non verbal, confirmed the dif¬ 
ferences of functions in the left hemi¬ 
sphere and the right hemisphere^"’”. 
Besides the obvious clinical implications, 
the practical utility of such discoveries 
is being realized, of late, even in India 


through clinical programmes to help chil¬ 
dren with learning disabilities*’. 

Anatomical basis for the 
functional differences 

Concomitant with the functional diffe¬ 
rences, structural asymmetry between left 
and right cerebral hemispheres has been 
discovered. One of the first asymmetries 
to be recognized was the greater length 
of the sylvian fissure on the left side of 
the brain. This difference is due to the 
increased extent of Wernicke’s area in 
the left hemisphere’^ (Figure 2). This 
asymmetry is considered as probably the 
most marked manifestation of a single 
genetically determined asymmetry in the 
human brain. Direct correlation of lack 
of such asymmetry or reduced asymmetry 
and schizophrenia was reported in the 
post-mortem studies of hospitalized 
patients 

Speech and schizophrenia 

One very important upshot of this research 
has therefore been the attempt to under¬ 
stand schizophrenia as failure of hemi¬ 
spheric dominance for language in recent 



Figure 1. Motor control and sensory input 
between the brain and hands, RH, right 
cerebral hemisphere; LH, left cerebral 
hemisphere. 
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Table 1. Functions of left hemisphere and right hemisphere 
Left hemisphere Right hemisphere 


• Analytic processes 

• Production and understanding of a 
language 

• Sequential processing of input 



Figure 2. The areas of the left cerebral 
hemisphere associated with speech and 
language. BA, Broca’s area; SF, Sylvian 
fissure; WA, Wernicke's area; AG, Angular 
gyrus; AF, Arcuate fasciculus. 

times‘d. The positive symptoms of schizo¬ 
phrenia are hallucinations, delusions and 
formal thought disorder indicating the 
dysfunctions in the language systems. 
Hearing spoken voices is central to the 
auditory hallucinations. Delusions are 
the result of a pathological change in the 
meaning of words. Thought disorder is 
the cause for a disorder of speech. The 
capacity for rational thought springs from 
orderly and directed language. As Crow 
says, ‘Indeed without language, it is 
difficult to imagine that an individual 
could contemplate the world, develop 
ideas - delusional or otherwise'. The 
superior temporal gyrus corresponding to 
Wernicke’s area in the human brain is 
usually activated by listening to spoken 
language but appears to be inhibited dur¬ 
ing self-generated speech (see Figure 2). 
Such inhibition signals the feedback proc¬ 
ess for distinguishing the self-generated 
from externally-elicited speech. In patients 
suffering from schizophrenia, no such 
inhibition was recorded during the PET 
scanning procedure^^. The hemispheric 
asymmetry and perhaps the consequent 
dominance of left hemisphere for speech 
is characteristic of majority of the right- 
handed individuals in the population who 


• Spatial skills 

• Musical abilities 

• Simultaneous and holistic processing 
of input 


constitute the majority. However, popu¬ 
lations of patients with schizophrenia are 
characterized by a more variable and less 
completely lateralized pattern of manual 
preference that is an increase in mixed 
or ambiguous handedness^’. 

Development and the ^battle for 
dominance’ 

Inasmuch as the cerebral asymmetry and 
the specialization of function are acquired 
during development at about the age of 
7-8 years (earlier in the case of females), 
it may be hypothesized that due to failure 
of such normal development leading to 
the absence of asymmetry and dominance 
of left hemisphere for speech, certain 
individuals may get predisposed to schizo¬ 
phrenia. As the ontogeny repeats phylo- 
geny, does it mean that the left cerebral 
hemisphere in such individuals, while 
reenacting the evolutionary history of 
lateralization somehow loses the ‘battle’ 
for dominance which may eventually lead 
to the loss of ‘war’ during adulthood, 
owing to several other yet to be known 
precipitating factors converging on this 
lack of dominance? While the structural 
asymmetry may be likened to a ‘battle’ 
which must be won, during development, 
the functional integrity in terms of self¬ 
generated speech inhibiting Wernicke’s 
area in the left hemisphere may be likened 
to the ‘war’ which cannot perhaps be 
won later on when such unknown pre¬ 
cipitating factors converge on this already 
existing structural deformity, which trans¬ 
lates into the manifestation of schizophre¬ 
nia. As Crow suggests, ‘Schizophrenia, 
a condition which apparently occurs in 
all societies with approximately the same 
incidence, may best be understood as an 
anomaly of the function which is most 
characteristically human, i.e. language’*^. 

The era of human cognitive 
function 

Whether Crow’s optimism is well placed 


leading to better understanding of ‘lan¬ 
guage’ as a unique and highly specialized 
human function and the eventual amelio¬ 
ration of schizophrenia through such 
understanding, Masao Ito’s prediction that 
the year 2000 AD will usher in the era 
of human cognitive function in neuro¬ 
science at brain level will possibly come 
true'I It is a long time ago that one 
used to hear that psychologists have 
hijacked physiology. It is time that physi¬ 
ologists returned the compliment. 
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OPINION 


Need for integration between local and global environment facilities 


I 

i 


T. N, Khoshoo 

The recently concluded first General 
Assembly of the Global Environment 
Facility (GEF) was, as usual, a jumbo 
meeting. The reason is that environment 
today encompasses almost everything 
under the sun; name an aspect of human 
endeavour, it is included under environ¬ 
ment, because there are environmental 
impacts associated with all development. 
A series of workshops and other events 
were held. I participated in the meeting 
organized by the Ministry of Environment 
and Forests on the efforts made by India 
towards sustaining development. The 
Secretary, Vishwanath Anand, made a 
detailed presentation followed by discus¬ 
sion. I also attended a very erudite and 
thought-provoking Coromendal Lecture 
by Sir Chrispen Tickell: the person credi¬ 
ted with ‘greening’ of Ms Margaret 
Thatcher when she was the Prime Minister 
of UK. 

The general impression gathered was 
that GEF Assembly ignored the ground 
realities, and the relationship between 
global and local issues took a back seat. 
The root cause of most global issues can 
be traced to unsustainable development 
at the local level. Furthermore, it is 
a continuum from local, provincial, re¬ 
gional and national to global issues. In 
the ultimate analysis it is a two-way 
traffic all the time: from local to global 
and vice versa. For instance, ozone 
depletion can be traced to one of its root 
causes: the use of CFCs in the refrige¬ 
ration that is found in every household 
in cities and towns. This issue was con¬ 
sidered only in the global context. But 
the importance and the role of the Local 
Environmental Facility (LEF) cannot be 
ignored. 

Environment is inherently a holistic 
subject. Name any area of human activity, 
it has some impact on environment. Today 
we legitimize environmental action by 
prefixing eco- before a particular action. 
The result is that there may be well over 
two hundred new compound words coined 
during the last few years, all prefixed by 
eco- (short form of ecology or ecological). 
However, one was dismayed to find that, 
GEF did not consider the role and 
importance of the time-tested local tech¬ 
nical knowledge, perhaps because it has 


become fashionable to talk of global 
issues ratlier than local ones, although 
the reality is that as pointed out above 
there is a continuum between the two. 
By and large, most of our issues emanate 
from local human actions. 

The basic problem is that the priorities 
in all such jumbo meetings are set by 
the West, and developing countries have 
literally no role. The former follow their 
agenda very aggressively, and developing 
countries become followers and not 
leaders. Anything that does not fit in the 
scheme of things does not really exist 
for industrial countries. This has also 
been true throughout the human history. 
For instance, there is a major difference 
between the environmental perceptions ot 
Amer-Indians (the real Americans) and 
the Euro-Americans who drove the former 
to near extinction, and colonized the 
Americas. The civilizations of Amer¬ 
indians in North, Central and South 
Americas were decimated. Even so, the 
environmental perception.of Amer-Indians 
is still relevant as is clear from the 
sayings of Chief Seattle. There is an 
element of universality about what he 
has said. 

Similarly, a country like India has a 
rich heritage of tribals, adivasis, eco¬ 
systems people and host of other niral 
communities living in over 576,000 
villages. There are many indigenous tech¬ 
nologies available at the level of villages. 
No doubt over the years some chaff has 
collected round such technologies. Bereft 
of this, these technologies are time tested 
and need refinement and replication on 
wider scale. These need to be given 
respectability that they deserve. Regretta¬ 
bly, the developing world has not been 
able to do this because it is weak-kneed 
and divided. The result is that it is taken 
for granted. The recent cases of patenting 
turmeric and bcismati are leads to the 
shape of things to come. 

Most of the modern technologies are 
polluting and wasteful to varying degrees, 
while the indigenous technologies are not 
so. Some important cases are listed in a 
thought-provoking book Dying Wisdom 
published by the Centre for Science and 
Environment, New Delhi. The specific 
examples pertain to sustainable and un¬ 


sustainable water use. Following local 
technical knowledge, water availability 
can be ensured in desertic conditions in 
Rajasthan during the hot and arid months, 
while water scarcity is the order of the 
day in the wanner period in Chirrapunji 
which at one time was regarded as the 
wettest place on the surface of earth. Is 
it not enigmatic? 

While one should not be averse to 
global thought per se, it should not be 
at the expense of our own time-tesled 
knowledge and technologies in the 
villages. We have 10,000 years of expe¬ 
rience behind us, while history of America 
in its present form is only a few hundred 
years. Following their developmental re¬ 
gime, they have spoilt not only their land 
and other environmental assets, but also 
those of a number of developing countries 
on account of their resource-guzzling 
developmental patterns. Now they are 
poised to do the same to moon and Mars 
from where they could also target at any 
country which is opposed to such a course 
of action. If only we could establish a 
method of estimating environmental 
damage on the basis of per capita, per 
unit of space, and per unit of historical 
time, Indians will be at the top (with 
most minimal values) while industrial 
countries at the rock bottom with maxi¬ 
mum values. The reason is that there is 
an underlying serious and fundament 1 
attitudinal and ethical diflorence. The In¬ 
dians revere nature, regard it as partner 
and intrinsically aim to live in harmony 
with it; but western attitude is one of 
arrogance, thinking themselves to be 
co-creators and the result is conflict with 
nature. Humankind according to western 
thought is the sovereign monarch and 
supreme power. But Indians regard human 
being a constitutionally integral partner 
with nature. The western thought is for 
subjugation of nature for the benefit of 
human being, while Indian thought is 
partnership with and respect for nature, 
because if tampered beyond a limit, it 
takes its toll and there follows total 
annihilation of nature. The Indians have 
faulted on account of western influence. 
All these aspects have to be understood 
in their proper perspective. 

Reverting to local technologies, which 
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are time-tested, normally should lead to 
environmental harmony, economic effi¬ 
ciency, resource conservation, local self- 
reliance, and equity with social justice. 
They also have a cultural relevance. There 
are several places in India where out¬ 
standing work has been done in this 
direction. There are a number of success 
stories based on the foregoing basic prem¬ 
ises. We Indians believe in connectivity 
between local, regional, national and 
global dimensions in both directions. 
Therefore, we would like to be concerned 
about global issues because all these have 
their roots in the local issues. Corrective 
measures at the local level can affect 
favourably what today have become 
global issues. This connectivity has to be 
appreciated, strengthened and established 
firmly. Therefore GEF and LEF have to 
be interrelated, interconnected and inter¬ 
dependent. 

The GEF has to be an extension of 
LEF, and a good part of GEF funds must 
go to the refinement and replication of 
LEF. If done in a proper manner, deve¬ 
lopment emanating from such a basic 
premise would meet the acid test of 
Gandhian development, which is inher¬ 
ently sustainable. Gandhiji said: ‘Recall 
the face of the poorest and the weakest 
man you may have seen and ask yourself 
if the step you contemplate is going to 
be of any use to him. Will he gain 
anything by it?’ This has veiy wide 
implications. The test is accepted by all 
right-thinking people. If we follow this 
lead, our Planet would indeed become 
worth living. 

Furthermore, India is not Delhi, Mum¬ 
bai, Bangalore, Chennai or Calcutta, and 
it is also not in the air-conditioned rooms 


of these cities, but it is in the dust, din 
and dirt of villages; ‘If villages perish, 
India perishes’, so said the Father of the 
Nation. If we accept this premise, only 
then there would follow what J. C. 
Kumarappa (Gandhiji’s dutiful follower) 
called as Economy of Permanence. In 
turn it would lead to a transition from 
eco-unlriendly and consumptive, to 
ecofriendly and conservation technologies. 
At the world scene, in future there is 
going to be more money in evolving, 
selling and using conservation rather than 
consumptive technologies. The former 
would also lead to ecolabelling of prod¬ 
ucts. In turn there would follow a tran¬ 
sition From ecologically-insensitive to 
ecologically-sensitive economy. It will 
also mean proper evaluation of natural 
resources. At present, clean air and water, 
fertile land, dense forests and abundant 
biodiversity have no price tag and are 
free-for-all which is not good for sus¬ 
tainability. We must also strengthen 
microenterprises and establish proper 
benefit-sharing processes. Lastly, unless 
we work towards the benefit of the weak¬ 
est (antodaya), we cannot expect benefit 
for all (sarvodaya). A Sarvodaya Society 
would be the most ideal sustainable 
society with its roots in our history, cul¬ 
ture, religion and philosophy. It is such 
a thinking that holds hope for the teaming 
millions in India and the developing 
world. 

Let us all remember that primarily it 
is the industrial world and the rich in 
the developing world, who have ruined 
the world on account of their unlimited 
greed and appetite for resources. This 
has made the world most unsafe for all 
life. Theirs is the prime responsibility to 


change. This is the only vision of hope 
for the future. 

Conclusions 

There are major local problems confront¬ 
ing India and the developing world on 
the one side, and GEF as sponsored by 
the industrial countries on the other. There 
is also a schism in the perception between 
the two worlds. The former feel, and 
rightly so, that agenda should be local 
while the latter feel it should be global. 
The latter conveniently forget the con¬ 
nectivity between the two. Even the pre¬ 
sent Prime Minister of India felt that 
ensuring supply of clean drinking water 
and energy for sustainable development 
for each Indian village was a priority. 
Therefore, a major challenge before us 
is to bridge this schism between the local 
and global agendas. India must be clear 
about priorities and then prepare a proper 
strategy. For instance, renewable energy 
has been in the news for over three 
decades, but does Planning Commission 
give this area due importance even when 
a full-fledged ministry is looking after 
this area? We are told that the 9th Plan 
Document on Power Sector does not men¬ 
tion renewables even by default! If true, 
it is indeed sad. There is an urgent need 
for clarity of our thought and vision, and 
then translate these into action. It is deep 
thinking and hard work all through with 
no short cuts in between. 


T. N. Khoshoo is in the Tata Energy 
Research Institute, Darbari Seth Block, 
Habitat Place, Lodi Road, New Delhi 
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Multiple shoot induction and regeneration of pigeon pea 
{Cajanus cajan (L.) Millsp) cv. Vamban 1 from apical and 
axillary meristem 


Pigeon pea is an important world crop 
species widely cultivated in the tropics 
and subtropics as a good source of dietary 
protein, especially in developing countries. 
Genetic improvement of this crop through 
biotechnological methods has not yet been 
achieved mainly due to its recalcitrance 
in culture. In Cajanus cajan, the available 
reports draw attention to haploid embryo- 
genesis ^ callus regeneration of irradiated 
seeds^ and leaf discs^, multiple shoot 
induction from cotyledonary node"^ and 
cotyledon^, and hybridization^ of Cajanus 
cajan with Atylosia platycarpa with an 
emphasis on incorporation of pod borer 
resistance into Cajanus cajan and, finally, 
organogenesis^. Though multiple shoots 
were induced successfully from coty¬ 
ledonary nodes'^, they failed with shoot 
tip. Hence the present investigation fo¬ 
cuses on the shoot multiplication from 
cotyledonaiy node as well as shoot tip. 

Seeds of Cajanus cajan var. Vamban 
1 obtained from National Pulses Research 
Centre, Vamban, Pudukkottai, were steri¬ 
lized with 70% ethanol for 30 sec fol¬ 
lowed by 3 min of soaking in 0.1% HgCl 2 . 
The sterilized seeds were washed thoroughly 
5 times with sterilized double-distilled water 
and were implanted in culture tubes con¬ 
taining 15 ml of medium (MSO-MS basal 
medium without hormone, MS3-MS basal 
medium + 13.31 |lM BAP). MSR medium 
(1/2 strength MS inorganic + full strength 
organic addenda + 0.49--24.6 pM IB A) was 
used for rooting of regenerated node and 
shoot tip. The effect of the presence of 
seed coat on multiple shoot formation 
was studied by culturing the seed explants 
with or without seed coat separately on 
MS3 directly. The morphogenetic respon¬ 
ses of cotyledonary region and shoot tip 
were also studied. In another experiment, 
8-day-old seedlings from MSO medium 
were placed horizontally on the MS3 
medium so as to allow cotyledonary node 
and shoot tip to touch the medium. The 
mean number of shoots produced from 
different explants was calculated after 30 
days. Explants with mass of shoot initials 
were transferred to MSO or subcultured 
in MS3 after 30 days of inoculation 
for the elongation of shoots. The well- 
developed shoots were transferred to MSR 


with varying concentrations of IB A (0.49 
to 24.6 pM). Rooted plantlets were trans¬ 
ferred to vermiculite in paper cups and 
supplied with Hoagland medium^ Accli¬ 
matized plants were then transferred to 
soil in the glass house. 


Table 1 gives the results of the mor¬ 
phogenetic responses of different explants. 
Seeds germinated on MS3 callused with 
bulged primary roots. Cotyledonary nodes 
from the germinating seeds produced mul¬ 
tiple shoot initials (Figure 1 a)\ an average 


Figure 1. Multiple shooting of Cajanus cajan. a. Seed explants with multiple shoots ai 
cotyledonary nodes in MSS after 30 days of culture, b. Seed explant without seed coat showing 
less number of shoot regeneration from cotyledonary nodes, c. Seedling explant showing shoot 
initials at both cotyledonary node and shoot tip on MS3 after 30 days of culture, d, Elongation 
of shoots from cotyledonary nodes of the seed explants on MS3. 
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Table 1. Morphogenetic responses of different explants on MS3 
medium 


Average* number of shoots 


Explants 

Cotyledonary 

node 

Shoot 

tip 

Total 

Seedling (cotyledonary node 
and shoot tip in contact with 
medium) 

26 

9 

35 

Seedling (only shoot tip in 
contact with medium) 

16 

12 

28 

Excised cotyledonary node 

5 

- 

5 

Excised shoot tip 

- 

- 

- 

Seed with seed coat 

49 


49 

Seed without seed coat 

7 

- 

7 

* Average of 10 replicates. 


of 49 shoots per explant were recorded 
in seeds with seed coat; the decoated 
seeds produced only an average of 7 
shoots per explant (Figure 1 b). Ail the 
shoot initials from the cotyledonary node 
could elongate in the same medium (Fig¬ 
ure 1 d) but the elongation rate speeded 
up when transferred to MSO. When coty¬ 
ledonary nodes with multiple shoot initials 
alone were cultured by removing epicotyl, 
root and cotyledons, the rate of elongation 
was slow. Cotyledon might be an impor¬ 
tant source of some growth factors for 
the development of axillary meristem'^. 
Seedling explants showed different types 
of morphogenetic responses. Multiple 
shoots were induced at both cotyledonary 
node and shoot tip when seedling explant 
with cotyledonary node and shoot tip was 
placed horizontally on the medium and 
also when the shoot tip of the seedling 
explant alone touched the medium. This 
result is in sharp contrast to an earlier 
report"^ where shoots were not successfully 
regenerated from shoot tip region. Shoots 
which developed from shoot tips could 
not grow well in the same medium (MS3) 
and hence they were transferred to basal 
medium (MSO). 

When the seedling explant was placed 
with the shoot tip touching the medium, it 
produced lesser number of shoots at the 
shoot tip region (Figure 1 c). When excised 
cotyledonary node and shoot tip were used 


as explants, cotyledonary node produced 
an average of 5 shoots and the shoot tip 
did not produce any shoot (Table 1). 

Elongated shoots (3-5 cm) were rooted 
on MSR with different concentrations of 
IB A. IB A at 2.46 |llM produced an optimum 
number of roots (8 roots/plantlet) within 
13 days. Rooted plantlets were successfully 
transferred to vermiculite and then to soil 
in the glasshouse where the hardened plants 
produced normal viable seeds. 

Since callus regeneration in pigeon pea 
is difficult, methods which rely on the 
proliferation of shoots from pre-existing 
meristem may provide practically ideal 
system for the transformation through 
particle-bombardment-mediated'^’ gene 
transfer. This protocol may be further 
extended to tissue-culture-based selection 
for stress tolerance. Since shoots are pro¬ 
duced from the same explant in large 
number, nodal culture will provide true- 
to-type progenies through rapid micro¬ 
propagation. Proliferation of shoot tips to 
regenerate shoots will provide ideal pro¬ 
tocol for viral elimination in pigeon pea. 
The method of regeneration of pigeon 
pea from cotyledonary node explants and 
shoot tips via multiple shoot initiation 
described in this investigation is similar 
to that for Phaseolus^^. 
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Technology and engineering in India: 

The past and the way ahead* 

V. K. Aatre 

India has turned 50 and this is the time for looking back on the fifty years. Though history 
indicates that migration of certain medical, architectural, textile and engineering science and 
technology took place to the West, today’s technological scenario in India leaves a lot to be 
desired. We are much below the world average in several parameters. Our S&T vision and 
push is yet to yield commensurate results. This paper analyses the reason through our performance 
figures in several areas of engineering and technology. Our strengths, weaknesses and educational 
standards are also presented. Finally, the paper stresses the need for identifying core competencies 
for our industries and sets forth the future ambitions of bringing welfare, worlftorce and wealth 


to the nation. 

IiNDiA is blessed with some of the best intellectual might, 
rich natural resources (some of its resources are yet to 
be tapped fully) and proud heritage of cultivating science 
and technology. We have been traditionally strong, from 
ages past, in the areas of concept, analysis, logic, and 
validation (Tharka Shastra). The people of this country 
have been taught the ways of life through Vedas, 
governance by Kautilya’s Arthashastra, surgery by 
Shushrutha, and have had the tradition of excellent 
teachers (and teaching methodologies) be it in philosophy, 
literature, wargaming, medicine, applied sciences or 
architecture. Our temples and monuments speak 
immensely of our skills in metallurgy and architecture 
as is evidenced by techniques that helped us build such 
gigantic monuments like the temple of Konark, mono¬ 
lithic statue at Shravanabelagola and rustless iron pillar 
at Delhi. Remains of such marvels of engineering are 
still around reminding us of our glorious past. 

Yet, as we trace the growth of technology and engi¬ 
neering (T&E) since the Industrial Revolution, we seem 
to have missed several of the revolutions. As we survey 
the developments based on science, technology and 
engineering that have taken place over the last fifty 
years of independent India, it leaves a lot to be desired; 
we keep hearing that the growth in our infrastructure 
has been slow and not keeping pace with the require¬ 
ments, industrial production and product quality are not 
in league with the imported ones and so on. No doubt 
we possess excellent workforce of highly-skilled and 
technically-competent personnel capable of delivering 
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the best, if we choose to perform. We have done 
creditably in textiles, steel and chemical industries and 
more recently ventured into petroleum, electronics, com¬ 
munication and information technologies. On the edu¬ 
cation front, we have good institutions in science, 
technology and engineering - training graduates, in sub¬ 
stantial numbers, who are sought-after by the West and 
the East. Notwithstanding these, we have still not reached 
a level to consider ourselves a developed country. As 
we celebrate the Golden Jubilee of our independence, 
it is good to look back and evaluate where we are and 
what we have to do in the coming decades to become 
a developed country. In this article we present certain 
aspects of technology and engineering, our standing and 
achievements and our way ahead. 

Our standing 

Science and technology lead to development, and all 
round development leads to progress in the quality of 
life and national stature. Clearly, technology and engi¬ 
neering of a country serve as barometers of its wealth, 
which, to a great extent, influence the human develop¬ 
ment, While technology constitutes the intellectual assets, 
the ultimate engineering effort, which translates the 
former to the real world through structures, manufactured 
goods and the like has direct bearing on the wealth of 
a country and the quality of its life. The Human 
Development Index (HDI), as defined by UN, measures 
this development. This index is estimated on three major 
parameters: life expectancy, literacy and GDP of a 
nation. India at present is registering a value of 0,436 
(against 0.609 for China and the world average of 
0.746), ranking 135th place on the world map. While 
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we compare favourably on the life expectancy and 
literacy scales with China, we lose out to China in the 
GDP, almost by a factor of two. 

Independent India’s economy started out basically as 
agro-based; but, from mid-1975 onwards there is defi¬ 
nitely a shift towards greater industrial output. Table 1 
and Figure 1 give some indications of our industrial 
production. Industrial growth in 1997-98 has declined 
and presently the figure stands at about 4.7% (April-Sept. 
97). While we have made great progress over the last 
fifty years, there is certainly a lag in industrial-based 
growth. A glance at our weakness in policies, resources 
and people is essential to learn the lessons that history 
has taught us these last fifty years. 

Our weakness 

Some of the technology gaps that existed at the dawn 
of independence were bridged mainly by importing tech¬ 
nology through technology transfer and licensed produc¬ 
tion. This resulted in mainly acquiring product-oriented 
knowledge and process know-how rather than ‘know- 
why’. This has contributed minimally to our technology 
base. During this period, imitative and reverse engineer¬ 
ing processes were the order of the day. No real attempt 
in inventing new technologies or innovating on the 
technologies imported, was carried out. Government 
being the major operator in the capital-intensive industrial 
sector, there were no viable partners from the private 
entrepreneurs. Any serious R&D work related to tech- 


Table 1. Industrial production index (1980-81 = 100%) 



1960 

1970 

1980 

1990 

1997 

Mining 

48 

68.5 

100 

221.2 

258.8 

Manufacturing 

42 

69.7 

100 

207.8 

299.4 

Electricity 

17 

52.1 

100 

236.8 

356.6 

Others 

40 

67.9 

100 

121.6 

292.5 

Source: India’s 

Industrial 

Sector, 

CMIE, Jan. 

1996 and 

Hindustan 


Times, 5 October 1997. 



Figure 1. Production index (manufacturing) (1980-81 = 100%). Source; 
India’s Industrial Sector, CMIE, January 1996. 


nology was institutionalized under the Government, with 
scope and applications not necessarily being governed 
by commercial propositions. Also, we witnessed a lengthy 
period of protective market economy and noncompetitive 
environment which led to complacency and dormancy 
in our attitudes. With consumers not having many choices 
in the selection of products, quality and standardization 
were given a go-by. Productivity in the industrial sector 
was low with social priorities in the labour sector being 
more compelling. With diminishing opportunities for 
challenging work in home-grown technologies, we found 
it hard to retain our intellectual and trained manpower. 
Our top universities became the training grounds for 
feeding manpower to the technologically-advanced west¬ 
ern societies. 

This era also witnessed global transition from ‘steel 
age’ to ‘silicon age’ and we were technologically left 
behind to a large degree. Our inadequate research base 
in material technology prevented us from venturing in 
to the development of new silicon devices thrown up 
by this transition. We are even today largely dependent 
on import of sophisticated electronic devices and the 
prediction for 2000 AD and beyond is not very encour¬ 
aging. 

When we evaluate the first 50 years of our inde¬ 
pendence, there are many other factors to be considered. 
Our economic growth has been mostly urban-based 
which has increased the disparity between the urban 
and the rural population. Exodus into city has created 
problems of unemployment, housing, hygiene and crowd¬ 
ing. Infrastructure growth is not sufficient to keep pace 
with the demands of our cities and that of the modern 
world. Our service sectors are rather poorly organized. 
As a result, industrial developments are mostly seen to 
be confined to urban areas instead of spreading over 
the length and breadth of the country. The result is a 
steady increase in the input costs to all industrial ventures. 

Yet another serious lacuna is the absence of knowledge 
base regarding our core technology strength. From ex¬ 
perience elsewhere in the world, for an industry to 
succeed it is essential that it attaches itself to a clearly 
defined core competence. We have not seriously evolved 
any formal process for evaluation of such strengths or 
consolidation of our strengths to reach excellence at the 
international level. 

Our progress 

In spite of the enumerated weaknesses and problems, 
we have made commendable progress in several sectors 
which have helped India improve its GDP and the recent 
liberalization and other Government policies are bound 
to have positive impact in further improving our HDI 
index. Let us ascertain now our performance in a few 
of the major sectors as: energy, steel, electronics, related 
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infrastructure, service industries and education which are 
important from the point of view of T&E: 

Energy 

India has limited natural resources in oil and natural 
gas; but has only exploited 18% of its hydro power 
resources and 10% of coal reserves so far. Electricity 
generation growth rate is presently around 7% with a 
large gap between demand and supply. Eco-friendly 
energy generation with sufficient capital investment and 
efficient distribution of power can change the industrial 
scenario in the country. Economic development and per 
capita energy consumption are linked rather closely. For 
comparison, if we consider per capita energy consumption 
in India as unity, then the consumption in USA is 33 
units, in Japan 11 units, in China 2.5 units and in 
Indonesia 1.3 units. Our energy sources are appx. 60% 
coal-based, 10% crude-based and about 27% are based 
on hydro power. Nuclear power generation accounts for 
less than 3%. Industrial consumption of power is around 
42%-46% and this has remained so for the last 6 years. 

Steel 

The industrial age has stressed the development, pro¬ 
duction and consumption of steel as a bench mark of 
progress. In 1996, out of 96 steel-producing companies 
(of capacity 2 MT/year or more), SAIL, TISCO and 
RINL occupied 7th, 64th and 85th positions, respectively. 
But out of the first 10 companies in the world, five 
are from Asia. We occupy 10th place as a steel-producing 
country with China at the top position. Though labour 
cost is comparatively low (0.34 times the cost in USA), 
the input cost of steel industry is driven high by energy 
charges (1.4 times the cost in USA). India’s consumption 
of steel is at a level of about 43% of that of China 
and pegged at a level of 17% of the world average. 
Annual growth rate in consumption in India has been 
only 4.4% between 1989-1995. Our construction industry 
consumes about 25%, automobile 20%, mechanical 
industry 20%. Recently the automobile industry with 
reduced content of steel has increased the demand for 
various kinds of advanced alloys and composites. 
Nevertheless in India, construction and automobile 
industries are the two major consumers of finished steel. 
Still our position as ‘steel consumer’ is not very good 
(as per the 1990 statistics our per capita consumption 
is 26 kg compared to 802 of Japan, 506 of South Korea, 
60 of China and a world average of 149 kg). 

Electronics 

This is one of the world’s largest and fastest growing 
industries. For quite some time, the industry was the 


exclusive province of advanced western economies. But 
since about 1965 with Japan’s emergence in the field, 
there has been a shift in this tendency. Today Hong 
Kong, South Korea, Taiwan, Singapore, China and also 
India claim share in this industry. Our initial thrust in 
this sector was mostly defence electronics. With the 
Electronics Commission being set up in 1971, a planned 
development was seen in the country. During the initial 
phase, public sector units were set up to meet the primary 
need of the country and at the same time to limit the 
influence of the multinationals in this sector. Now, the 
electronics industry is influencing almost all areas - mass 
communication, telecommunication, transport, oil, power, 
service sectors - a never-ending list'; Electronic industries 
received a boost in the VII Plan period (during this 
plan period the entertainment electronics exceeded the 
target by 170%). But still in the context of global share, 
our output was only 22% of China’s. Most of the R&D 
effort was supported by and centred around the 
Government while no real attempt was made to become 
self-reliant in components and devices. As for semicon¬ 
ductor devices, it is estimated that even at the turn of 
the century the gap between demand and supply within 
the country will be of the order of 70%. 

There are broadly seven major electronic industry 
sectors: consumer electronics, communications, industrial, 
strategic, components and computer HAV and S/W. 
(defence electronics is considered as a part of strategic 
electronics). Our growth rates in these fields are shown 
in Figure 2. 

In the field of semiconductor processing, national 
effort has established 1 [X capability in silicon technology. 
Presently we have embarked on GaAs technology for 
fabricating MMICs. Adequate design capability in 
VLSI/ASICs and access to indigenous foundries exist 
to meet some of the domestic requirements. However, 
to graduate to the latest semiconductor technology and 
make our foundries economically viable, we have also 

■ Consumer ■ Industrial □ Computer 

■ Communication B Components ■Strategic 

B Software 
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Figure 2. Electronics production growth (%). f 
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to look for international markets in VLSIs. 

In the field of mass communication through TV net¬ 
works (thanks to the Indian space programme), and 
radio, we have done very well with television and radio, 
reaching far corners of the country. In the telephone 
and personal communication field, the recent spurt in 
growth is certainly going to be helped by the more 
recent liberal policies of the Government. Various kinds 
of other services like E-mail, FAX, Internet and ISDN 
services (limited) are on the increase. 

The technological breakthrough which has influenced 
almost every corner of the society is the introduction 
of IBM computing machines (and compatibles) - so- 
called PCs, During the last decade we have seen a 
tremendous growth in networking and inter networking 
these computers, thereby bringing in the concept of 
‘home office’. The Internet and the fast-spreading World 
Wide Web are becoming the major facets of the IT 
revolution across the globe. Fortunately we seem to be 
almost in synchronism with the happenings elsewhere 
in the world in these areas. In the third area which is 
spreading like wild fire, viz. the software industry, the 
picture is very promising. SAV exports have grown from 
Rs 430 crores in 1991-92 to Rs 2550 crores in 1995-96 
period. Technology parks set up at Pune, Bangalore, 
Hyderabad, etc. have tremendously helped in getting 
some of the world best companies to invest in India. 
Such an industrial growth is a good sign and we can 
hope to cash in on our software potential to become 
one of the market leaders. 

Support structure for T&E in India 

During the initial decades of independent India, the 
Government which was the major developer of infra¬ 
structure, concentrated mainly on the agricultural front: 
building dams, canals, major/minor irrigation systems, 
food processing, preservation and storage. Foundations 
for other infrastructures like railways, roads and bridges, 
ports and air ways were indeed laid during the days of 
‘British Raj’. Though these have received considerable 
attention ever since, the progress made in several of 
these, due to paucity of funds for such capital-intensive 
activities, is inadequate. Coupled with not-so-adequate 
availability of power, electronic communication systems, 
the insufficiency of infrastructure development has been 
the main factor in the slow growth of technology and 
national wealth induced by such technology. In the absence 
of any significant participation by the private sectors and 
Government’s other priorities, the growth in infrastructure 
may well impede major advancements in T&E. 

Services 

A considerable part of the recent developments that are 
taking place in S&T, like in information technology, 


have elevated the service sector to a dominant position. 
Most of the services in India today like postal, banking, 
insurance, health, communication, electricity, etc. are 
controlled by the Government. As such there is neither 
competition nor consumer awareness in this sector, 
resulting in lack of cost effectiveness of the services 
rendered. For instance, India’s energy cost per unit 
continues to be one of the highest in the world (with 
poor availability). The slow progress and quality in the 
service sector does reflect adversely on the T&E progress 
otherwise made in our country. Table 2 indicates our 
comparative positions in socio-technological areas with 
some of the advanced countries: 

It is interesting to note that 41.5% of India’s GDP 
{India Today, 9 December 1997) is contributed by the 
service sector consisting of hotels, banking, communi¬ 
cation and public administration where the impact of 
modern technology in terms of electronics and commu¬ 
nication and IT are not yet fully felt and the quality 
of service expected from these sectors has not been 
fully realized. Our service-oriented industries, both in 
Government and public/private sectors, are in the process 
of establishing quality through ISO certifications. But 
the overall awareness among the Indian population to 
pay for the product and service quality is yet to be felt 
and appreciated. 

Education 

Besides the requirements of infrastructure, funding, etc. 
progress in T&E requires one other critical resource - quali¬ 
fied and trained manpower. India has an unique asset - a 
large number of trained technicians, well-qualified sci¬ 
entists, technologists and engineers. Our strength in 
scientific and engineering manpower has grown substan¬ 
tially from 0.05% (1958) to 0.68% (1996) of population 
(Figure 3). 

With our society valuing academic qualifications as 
proof of intellectual attainment and also as a gateway 
for better employment and social status, there are over 
204 universities, including deemed universities, and 8613 
technical institutions (1994 estimate) spread all over the 
country providing quality education and hands-on training 
to more than 6 million students. Growth of enrolment 

Table 2. Position in socio-technological areas 


Rank for 


Factor 

India 

1st 

2nd 

3rd 

Infrastructure 

48 

Hongkong 

Singapore 

USA 

Technology 

36 

Singapore 

USA 

Finland 

Management 

38 

USA 

Sweden 

Canada 

Labour 

30 

Hongkong 

Singapore 

Taiwan 

Overall competi- 

45 

Singapore 

Hongkong 

USA 


tiveness 


Source: Business Today, 7-21 August 1997. 
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in science, engineering and technology (higher education) 
itself is about 85% (Figure 4). Beside 300 universities 
granting engineering degrees, there are six Indian Insti¬ 
tutes of Technology (five of them founded between 
1950 and 1961) and Indian Institute of Science imparting 
internationally recognized education in T&E. Unfortu¬ 
nately West-ward exodus of such graduates, the problem 
of brain drain, has somewhat diluted the impact of these 
institutions on Indian T&E fraternity. 

However, compared to the IITs and IISc, a large 
number of universities and engineering colleges are not 
so comfortable with the quantum of financial resources, 
leading to certain frustration in academic life in India. 
Added to this, our present society does not recognize 
the importance of competent and professional teachers 
and of maintaining well-equipped technological institu¬ 
tions. We also suffer from poor recognition (hence, of 
low esteem) of scientists and T&E personnel in the 
context of national stature. 

Our way ahead 

Our Nation is beset with some peculiar problems-a 
large and fast-growing uneducated population (our 
literacy rate is pathetically low) with diversity in many 
aspects of religion, customs, languages, food habits, etc. 
While during the initial years of freedom, the country 
tackled the problem of food and agriculture to feed the 
underfed and undernourished millions, we are now forg¬ 
ing ahead to solve other problems with thrust in science, 
technology and engineering. Any technology in India 
has to necessarily cater to its diverse requirements - large 
rural population (which is going to remain so, for some 
decades to come) with great propensity for urbanization, 
cohabitation of luxury cars with bullock carts, large 
population with not even primary education to a large 
pool of world-class scientists and technologists, cottage 
industries with almost pre-industrial revolution techno¬ 
logy to sophisticated computer and IT-driven technolo¬ 
gies, remote areas with apologies for basic infrastructure 


%of Total 
Population 



1950 1960 1970 1980 1990 1996 

Figure 3. Science and engineering. Manpower growth. Source: S&T 
Data Book, 1995. 


to cellular phone-based urban centres, thatched huts with 
little water, electricity and other facilities to ‘five star’ 
and ‘intelligent buildings’. 

Clearly selection of technologies to cope with such 
diversities has to be done wisely, chosen not by 
mimicking western technologies (it is true that technology 
is like a steam roller); but, by identifying appropriate 
technologies which generate wealth for the country (thus 
pushing up the GDP and the resulting HDI), and improve 
the quality of life. At the same time, these technologies 
should be socially relevant like being eco-friendly, labour 
intensive, etc. For instance, on the critical infrastructural 
front of energy, we may have to ponder over non- 
conventional energy sources like biogas (suitable for 
rural areas and small communities), solar/wind (for 
remote areas), nuclear for industrial and urban energy 
hungry regions. 

Though the productivity in our industries is growing, 
there is a crying need for us to identify ‘core compe¬ 
tencies’. Today there is no clearly defined core compe¬ 
tence for most industrial houses resulting in India not 
being able to identify a product which is a world beater. 
Of course, the choice of and ‘building’ on such com¬ 
petence needs leaders with vision (at least technological 
vision) and managers who can groom and motivate the 
vital human resource needed to achieve excellence (it 
should be clear to all of us that there is no dearth , of 
competent S&T personnel in India). 

We have to once and for all accept that we cannot 
be global players and strong contenders on the ‘tech¬ 
nological front’ by continued import of technology. Our 
strength has to be built on either home-grown technolo¬ 
gies or innovations on ‘once imported’ technologies. 
Thus there is an imminent need for investments on 
in-house R&D by the industrial houses. At present the 
R&D scenario in India is not very good as only 0.81% 
of GNP is spent on R&D (Economic Survey, 1995-96 



Figure 4. Growth of enrolment in higher education (1994-95). Source: 
R&D Statistics, DST Report, 1994-95. 
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and DST Data Book, 1995) and that too is dominated 
by the Government funding (most of the R&D being 
done by Government-controlled laboratories). Our indus¬ 
try participation is less than 20% of the overall R&D 
investments in the country. Share of private industries 
directly towards R&D in socio-economic areas of the 
country is very marginal (Figure 5). Government agencies 
are again the main players. 

No doubt Government has to play a key role (funding 
or otherwise) in R&D on upcoming and risk technologies. 
But domination by Government-funded R&D is not very 
conducive to the future technological growth in India. 
Fortunately, we already witness a trend towards industrial 
R&D, though it is too early to categorically state that 
we have turned round the corner. 

Our industrial productivity is still low in comparison 
with others. Socialistic attitudes in dealing with welfare 
and labour-related issues are good for the soul, but not 
for productivity. A major change in work culture and 
ethics is absolutely essential without which all other 
efforts are bound to fail. We must at the same time 
build in quality, standardization, customer satisfaction 
as true attributes in our industrial sectors. Though we 
mimic West in several aspects, this is one aspect which 
is generally given a go-by. Again ‘motivating managers 
and leaders’ who understand human behaviour and 
developmental aspects is the need of the day. 

We must also convince ourselves that mega industries 
and multinational companies do not necessarily imply 
that our goals would be achieved. We should recognize 
that the small-scale industries in the ‘silicon valley’ are 
leading the way in the major technological revolution 
that is sweeping us. We have done well in several 
industrial fronts. Of late, we keep hearing about our 
strength, if not brilliance, in the world of software, 


H Govt 
m Private 



Industrial Infrastr. Socio- 

Dev dev economic 

Services 


Figure 5. Share of R&D (Govt vs private). Source: Data Book, S&T, 
1995. 
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which is turning out to be a core competency of India 
as a whole. We should capitalize on such achievements 
to-date and spare no efforts to further push this. 

Several of the issues raised here require changes in 
our mind-set and the governmental policies. We need 
to effectively interact amongst ourselves to bring out 
cohesive thoughts and inputs to influence nation’s pro¬ 
gress through plans and policies. That changes are 
required in policies has already been accepted and, 
indeed, things are afoot. It is fervently hoped that this 
will gather momentum. 

Imperatives 

Our ambition since independence as articulated by Pandit 
Jawaharlal Nehru was towards overall development of 
the people of the nation by the application of science 
and technology, boldly standing on our own as a nation 
and being self-sufficient on the basic needs. We were 
aspiring to bring in the three W’s~ welfare, workforce 
and wealth-to the nation. There has been a gap, even 
after 50 years, between our ambitious ‘vision’ and the 
reality. With the overall view that a large part of our 
population is still below the poverty line and not happy, 
comfortable and contended, there have been endless 
debates on the pursuit of science, on the appropriate 
and affordable T&E; this often culminates in blaming 
S&T itself for our present status and predicament. Not¬ 
withstanding criticisms and inquisitions, Nehru’s vision 
of S&T being the way to fulfil our ambition is still 
relevant. With S&T driving us all towards ‘global vil¬ 
lage’, we have to reorient ourselves to local and global 
perspectives, to be innovative and competitive in ‘tech¬ 
nology’, and to relentlessly pursue excellence to take 
India from a underdeveloped/developing nation to a 
developed nation. What is needed is certain amount of 
introspection, certain changes in our attitude towards 
work (and change in our work culture), certain changes 
in government policies and a clear national goal. Spe¬ 
cifically we need: 

• Team work, commitment and integrity 

• Sense of professional pride 

• Improved work culture 

• Enhanced infrastructure 

• Tap and utilize natural resources wisely and efficiently 

• Identify our core competence and build on them 

• R&D for ‘home grown’ technologies 

• Linking S&T education with national development 
and goals 

• Provide prestige and recognition to teachers and T&E 
professionals 

• Policies conducive to the growth of S&T and its 
personnel 

• Involve S&T personnel in national policy-making 

• Provide export capability for T&E products. 
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As we come to the end of a momentous century, 
which saw spectacular progress of science, technology 
and engineering, we have just celebrated the centenary 
of discovery of electrons and the golden jubilee of 
transistor which coincides with the golden jubilee of 
our country. With Second World War acting as a trigger, 
the West, led by the United States, has dominated the 
field of S&T (&E); the coming century would surely 
belong to Asia and we should (and could) - with our 
heritage, strength and ambitions ~ elevate ourselves to 
be the leaders in science and technology. There is 
the intent, the talent and guiding spirit as put in 


beautifully by the Nobel Laureate Rabindranath 
Tagore: 

. . Whoever wishes, 

May he sit in meditation 
With eyes closed 

To verify if the universe be true or false. 

I, in the meanwhile, 

Shall sit with insatiate eyes 
To see the universe 
While the light lasts. ’ 

—Our Universe 


MEETINGS/SYMPOSIA/SEMINARS 


Brain Storming Workshop on Geoelectromagnetism 

Date: 17-18 August 1998 
Place: IIT Kanpur 

The workshop objectives are to review the work carried out 
by electromagnetic community in India in broad band electro¬ 
magnetic spectrum and to decide priority application areas for 
future in the exploitation of Earth, Ocean and Snow resources. 

Contact: Prof. Ramesh P. Singh 
Convener 

Department of Civil Engineering 
Indian Institute of Technology 
Kanpur 208 016 
Fax: 0512-590 260 
Tel: 0512-597 295 (off.) 

0512-598 201/590 098 (res.) 

E-mail: ramesh @iitk.emet.in 

Training Course in Geological Mapping of Quaternary 
Formations 

Duration: About three weeks from 24 November 1998 
Place: Digha 

Contact: Deputy Director General 

Geological Survey of India Training Institute 
Bandlaguda, Hyderabad 500 068 
Phone: 4022681 
Fax: 040-4022680 


International Symposium on Multifaceted Aspects of 
Tree-Ring Analysis 

Date: 15-19 November 1999 

Place: Birbal Sahni Institute of Palaeobotany, Lucknow, India 
(An autonompus Institute under Department of Science & 
Technology, Government of India) 

A five-day symposium (including a field excursion) covering 
various aspects of tree-ring analysis is proposed. It will focus 
on the recent trends and developments in tree-ring analysis. It 
is also planned to hold plenary lectures on different themes of 
the symposium before each technical session. The themes include: 
Tree growth/climate relationship and climate reconstmction; 
Isotope studies on tree rings; Application of tree-ring studies 
in forest monitoring; Assessment of natural disturbances on tree 
growth; Dating of natural hazards; Dating of archaeological and 
historical structures. 

Contact: Prof. Anshu K. Sinha 
Director 

or 

Dr Amalava Bhattacharyya 

Organizing Secretary 

Birbal Sahni Institute of Palaeobotany 

53, University Road 

Lucknow 226 007, India 

Tel: 0522-324291, 323206, 325945, 325822 

Fax: 91-0522-381948/374528 

E-mail: bsip @bsip.sirnetd.ernet.in 
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Nematic-isotropic phase transition: A review 


Prabir K. Mukherjee* 

Saha Institute of Nuclear Physics, 1/AF Bidhan Nagar, Calcutta 700 064, India 
*Present address: Department of Physics, Bar-Ilan University, Ramat-Gan 52900, Israel 


The phase transition from isotropic liquid to nematic 
liquid crystals is a weak first-order one. The low value 
of ~ T where is the nematic-isotropic 

phase transition temperature and T denotes the 
virtual transition temperature, has been a long standing 
puzzle in the physics of liquid crystals. We calculate 
in a uniOed approach the value of - r*)/r^p both 
at critical and tricritical points. We investigate the 
possibility of the critical region near The possi¬ 
bility of the tricritical behaviour at the nematic-iso- 
tropic transition is also discussed by means of Landau 
theory. The various predictions are compared with the 
available experimental results. 


Liquid crystals (LC) constitute a state of matter which 
is characterized by some degree of order that is inter¬ 
mediate between that of a molecular crystal where the 
mobility of the individual molecule is restricted, and a 
normal molecular liquid that has no long-range trans¬ 
lational and orientational order. Due to the destruction 
of the lattice structure, the system possesses some of 
the mechanical properties of the liquid, e.g. fluidity, 
inability to support sheai', formation of droplets, etc. 
Whereas long-range orientational ordering gives rise to 
the anisotropy in its optical, electrical and magnetic 
properties. 

There are basically two types of LC, viz. thermotropic 
and lyotropic. In thermotropic LC, phase transitions are 
induced primarily by temperature. Thermotropic LC usu¬ 
ally have a single component. They can also appear in 
mixture. Lyotropic LC are mixtures or solutions of 
unlike molecules in which one is a mesogenic liquid. 
They are generally mixtures of amphiphilic compounds 
and a polar solvent, most frequently water. The lyotropic 
LC phase transitions are primarily induced by concen¬ 
tration changes. 

From the stand point of the shape molecules exhibiting 
LC, phases can be classified into two distinct groups: 
(i) rod-like and (ii) disc-like. Rod-like molecules are 
more or less elongated and lath-like^’". It was found by 
Chandrasekhar et that disc-shaped molecules can 
also form liquid crystalline phases. 

An ordinary isotropic liquid (Figure 1) has full rota¬ 
tional and translational symmetry. The centers and ori¬ 
entations of the molecules are randomly distributed. The 
corresponding symmetry group is: S-P?KO{y), which 
represents the semi-direct product of the group of 


continuous translations in 3-d space, by the full ortho¬ 
gonal group, i.e. the invariance group of the sphere 
which contains the three-dimensional rotational group 
SO{y) and its multiplication by the inversion 1. In the 
simplest structure the group 0(3) is replaced by one of 
the uniaxial symmetry group Thus the uniaxial 

nematic phase has the symmetry: S = R^A.D^^. In nematic 
liquid crystals (NLC) (Figure 1) the molecules are, on 
average, aligned with their long axes parallel to each 
other. Macroscopically, a preferred direction is thus 
defined. In many cases where there exists rotational 
symmetry around this direction, then the phase is uniaxial. 
It is convenient to describe the local direction of align¬ 
ment by a unit vector n{f), the director, giving at each 
point the direction of the preferred axis. In nematic one 
always finds that n and -n are equivalent, even though 
the molecules may be polar. For example, no ferroelec- 
tricity has been observed. Microscopically, this means 
that an equal number of molecules points ‘up’ and 
‘down’. The equivalence of n and -n is crucial for the 
construction of the theory of the nematic phase. This 
will lead to (i) a first-order nematic isotropic (NI) phase 
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Figure 1. a, Crystal; liquid crystal; c, isotropic liquid and d, 
uniaxialnematic. 
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transition; (ii) the possibility of a biaxial phase; and 
(iii) a non-trivial Gaussian fluctuation spectrum in the 
isotropic phase. 

The nematic order parameter 

The identification of the appropriate order parameter 
(OP) for NLC is added by a consideration of the 
observed structure and symmetry of the phase. It is 
assumed^ that the corresponding primary OP has the 
symmetry of a second-rank traceless tensor^ the com¬ 
ponents of which can be written as 

It represents the local averages of bilinear combinations 
formed by projections of the unit vector 1 of the 
long-molecular axis, or analogous combinations of the 
director components n. which determine the local ori¬ 
entation of the molecules. The quantity Q(r^) defines 
the fraction of molecular axes pointing along az at a 
given point. 2 = <3 cos^ (0) - l)/2, 0 is the angle made 
by the long molecular axis with n and the bracket 
(...) denotes the ensemble average. Thus in the isotropic 
phase 2(/^) = 0, and in the nematic phase Q(T)^0. Let 
us note that eq. (1) applies only for molecular subunits 
with symmetry or i.e. in which the two directions 
n and -n are equivalent. 

Fluctuations and phase transitions 

A unique feature of LC is that they are soft systems 
on a macroscopic scale. Another feature of LC is that 
they provide qualitative solutions to complicated, often 
unsolvable, equations on a large scale that can be 
observed using a polarizing microscope. Many LC phase 
transitions involve broken continuous symmetries in real 
space and their interactions on a molecular scale are 
short range. As a result, fluctuations have long been 
known to be important features of LC phase transi¬ 
tions-even weakly first-order (discontinuous) ones. 
Compared to major advances in our understanding of 
fluctuation-controlled second-order (continuous) phase 
transitions, relatively little is known about the fluctuation 
phenomenon (critical phenomenon) at a first-order phase 
transitions such as NI transitions. Critical phenomenon 
in LC has specific features due to the variety of sym¬ 
metries of different phases and coupling of different 
OPs. These features complicate theoretical considerations 
and restrict methods which are well proved in other 
cases (e.g. renormalization group (RG) method). Despite 
the variety of their continuous broken symmetries, most 
LC phase transitions are expected to fall in the 3D-XY 
(helium) universality class with a — 0.01, v ~ 0.67 and 


^ ~ 0.33. A salient feature of LC materials is that they 
have generic long-range correlations even far from critical 
points or hydrodynamic instabilities^ that could make it 
difficult to access critical regimes before being finessed 
by a first-order (FO) phase transition. At these high 
temperatures, externally supplied noise^ can suppress the 
onset of macroscopic instabilities such as spatial turbu¬ 
lence far from any phase transition^. The richness implicit 
in what we have learned and can learn from fluctuations 
in LC seems endless. 

NI phase transition 

Density effects at the NI transition 

Background, As one of the eaidiest findings which 
indicated the existence of the liquid crystalline phase, 
the NI transition has been a topic of active theoretical 
and experimental studies over the past few decades, 
Early theories include the phenomenological model of 
Landau-de Gennes (LdeG)^^^ and the Hamiltonian 
approach of Maier-Saupe‘‘ (MS). Yet, in spite of these 
and many subsequent efforts, there remains a series of 
fascinating problems associated with the NI transition 
that are not completely settled. Although the NI transition 
is one of the most ubiquitous found in nature, it is also 
one of the least understood. First of all it is not quite 
clear what makes this transition so weakly first-order. 
The phase transition from isotropic liquid to nematic 
liquid crystals is a weak first-order one. As a rule, it 
is characterized by a small latent heat and by large 
pretransitional anomalies in a relatively wide temperature 
region, similar to those observed near a second order 
transition. Light scattering and magnetic birefringence 
measurements in the isotropic phase of nematogeos 
indicate strong pretransitional effects. The weakness of 
the first-order character of the NI transition is charac¬ 
terized by the low value of (Tj^j - ~ 0.1% (refs 

12, 13), where is the NI transition temperature and 
denotes the virtual transition temperature or the 
supercooling temperature. De Gennes has pointed out 
how MS theory implies S.0%. The dif¬ 
ference of is experimentally found to be 

of the order of a few per cent instead of 50% as 
predicted theoretically. Thus the low values of 
and that of Q* - ^ standing 

puzzle in spite of the numerous theories of the NI 
transition. In order to gain insight into this problem, 
several workers showed how the inclusion of fluctuations 
can give considerable improvement. This was done by 
special inhomogeneity in the order parameter in the 
LdeG theory. These calculations include Gaussian fluc¬ 
tuation only. For including higher order fluctuation, 
Priest^"^ did a RG calculation to show that 

= 12,8K. Zhang et al^^ studied the nature of 
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the orientational phase transition in the 3D Lebwohl- 
Lasher model of LC by computer simulation. They 
obtained the impressive value of Again, 

Tao, Sheng and Lin'^ argued that fluctuation effects 
being higher order effects, a remedy for the MF calcu¬ 
lation should be considered first. They have included a 
density-dependent term in the pseudo potential and have 
shown how only one adjustable parameter can give 
consistent results in and also in specific 

volume change at In support of their contention, 
they have shown how some other thermodynamic results 
[namely dT^/dP and d(In r^j)/d(ln V)] could be reason¬ 
ably reproduced with the already adjusted value of the 
aforementioned parameter. Naturally such discrepancies 
raise many questions regarding our understanding of the 
NI transition. 

We looked into this particular problem in the context 
of LdeG theory with the inclusion of density variation 


transition temperature. But since in our model B>0, 
r* is the temperature of the absolute stability limit of 
the isotropic phase. 

In order to find out the density effect at NI transition, 
the free-energy density (3) can be writtenas 

F*ip,Q,T)= i I B*(^+ I (fQ* 

+ ^Ep^+X,p(^+X,p(^. (4) 

The term Ep^ is the free-energy density of the isotropic 
phase. The coefficients A, and coupling constant. 

A minimization of the free-energy results in the following 
renormalizationof the expansion coefficients 




Landau-de Gennes theory. For purely geometrical rea¬ 
sons, the NI transition is first-order as it was recognized 
by Landau. The LdeG model containing a cubic term 
in order parameter in the free-energy expansion was 
proposed and used to describe first-order transition in 
LC. We start from the expansion of LdeG free-energy 
density in powers of tensor order parameter Q.. 




\BQ,.Q.,Q^+^CiQ..Qy, ( 2 ) 


which contains a cubic invariant as the states where 
Q.j and are energetically non-equivalent. Here F^, 
is the free-energy density of the isotropic phase. The 
coefficient A is assumed to have the form 
A = < 2 (r~r*). Here a, B and C are positive constant 
and r* is a temperature close to the transition temperature 
T 

^Nr 

For a uniform uniaxial LC substituting eq. (1) leads 
to the free-energy expansion 


F=F„+ ^ i i Ce^. 


The presence of the cubic term in eq. (3), which does 
not disappear at the NI transition point, leads to the 
fact that the jump in entropy is small and the transition 
is close to a transition of second kind (^ = 0). The 
constant C also turns out to be unexpectedly small. This 
weakness of the NI transition can be characterized 
numerically by the parameter d = 
most LC that have been studied <5 ~ 10“^~ 10"^, i.e. 
3«1. But in any MF theory with a single interaction 
constant the parameter d should be order 1. The fluc¬ 
tuations of the nematic order parameter can be quite 
high and provide a universal reason for the smallness 
of B. If B is absent, T* would be the MF second-order 


C=C*-2A^/F. (7) 

Thus the coupling of the scalar parameters Q and p 
leads to the renormalization of the constant A, B and 
C. Here M is the quantity thermodynamically conjugate 
to density p. It is seen from eqs (5) and (6) that the 
interaction between Q and p leads to the decrease of 
B and the increase of T*. Thus the influence of density 
may be another factor leading to the renormalization of 
the LdeG expansion coefficients. The shift of the tran¬ 
sition temperature becomes 

7^, = r*-2A,p/a,. (8) 

Thus the coupling constant A determines the shift of 
the transition temperature (8) and can be found easily 
from experiment as 

^ a, dr^. 

What transpires from the above analysis is that not only 
the director fluctuation, but also the density effects play 
an important role on the NI transition. The density 
fluctuation alters the character of the NI transition and 
make it very weakly first-order. 

In the presence of density the modified form of 
temperature T* in eq. (3) can be expressed^^ as 

T*(p) = Tt + aip-p^\ (10) 

Here a is a positive constant and p^^ is the equilibrium 
density without order parameter-density coupling. 7^ is 
the MF absolute stability limit of the isotropic phase 
in the absence of any density-order. 

It was shown^^ that with the Landau expansion 
parameters once fixed utilizing some experimental data, 
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the calculated values of dTj^/dP(= 41.50 K/kbar) and 
d(ln rj^,)/d(ln (=-0.3964) agree well with the ex¬ 
perimental results (20-40 K/kbar and - 0.39) and also 
with a low value of = However, 

2* “ 2np inistead of being very close (approximately 
2% experimentally) remains about 50% obtained in the 
LdeG theory without incorporating any effect of density 
variation. This 2* - discrepancy implies that the 
change in the value of the calculated order parameter 
over a small temperature interval of IK (as 

T* = 1 K) would be much higher than that observed 
in experiments. In fact, the value of 0.3998 of 
(dQ/dT)^^j that we obtained is in disagreement with 
the observell value 0.008. This clearly shows that a 
complete resolution of puzzle remains outside 

the realm of simple MF analysis where fluctuations are 
not taken into consideration. These results support the 
molecular MF results of Tao et and also brings 
out the inadequacy in explaining the small value of 
(2* - 2 ni)/2ni (d2/(i7)r.r. LdeG framework. 

As can be seen from eqs t^) and (7) that as the 
temperature decreases and p increases, the quantity 
dM/dp decreases and the coefficient C tends to zero, 
i.e. a tricritical point (TCP) appears. On further variation 
of the temperature and density, the coefficient changes 
sign. In general, when two coefficients of the same 
symmetry in the Landau free-energy expansion vanish 
simultaneously, such a point is called tricritical. Since 
the coefficients C and A have the same symmetry and 
C = A = 0 gives a TCP. In that case a positive stabilizing 
sixth order term has to be included in the free-energy 
expansion'* 

As we have to consider a situation with C = 0, a 
stabilizing sixth order term is added with The 

alternative free-energy expression is thus 

F=^Q-^-^ Q^ + j Q* + ^Q\ ( 11 ) 

with the expression (11) one can have TCP B = 0, 
C = 0. One way of studying the weakly first-order NI 
transition occurring near a TCP would be to have a B 
with a small non-zero value. This was done in references 
19 and 20. Then the free-energy (11) takes the form^^"^‘ 

F=^e^-f <2’+| (12) 

The value of obtained^*’ from the model (12) 

was 7.68 K (without density variation). The model (12) 
also gives the value of 26%, which 

shows an improvement of 50% over the previous model 
(3). These results are encouraging but the value of 
( 2 * ■“ 2ni)/^2ni ample scope for improvement. Again 
taking into account the density variation’^ in the model 
(12), one obtains -0.9999 K but the value of 

( 2 * ■“ 2ni)^2ni ~ 26% hardly improves. However, we can 
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present yet another approach^ ^ to study the NI transition 
occurring near a TCP. We can do that by taking 
B = 0 in eq, (11), The first-order nature of the NI 
transition and the neighbourhood of the TCP both can 
be achieved if we take a small negative value of C. It 
should be mentioned that by taking 5 = 0 we do not 
mean to imply that the cubic term is to be altogether 
discarded in the free-energy expression of the nematic 
phase. It only implies that as the critical point is 
approached, the already small entity becomes even 
smaller to be neglected. This only points to the inade¬ 
quacy in the Landau scheme of keeping all the coeffi¬ 
cients except A to be constant. In this case the free-energy 
density in the vicinity of TCP takes the form as 

(13) 

The value of calculated from the scaling equa¬ 

tion of state^^ is 2.55 K. The model (13) gives the 
value of (2*-2 j^j)/2ni=^ 15.47%, which shows an im¬ 
provement of 70% over the previous results. The critical 
exponents obtained from the model (13) are /3 = 0.25 
and A =1.25, whereas experiment shows the values to 
be ^ == 0.247 ± 0.01 and A = 1.26 ± 1.0. Thus the consistent 
values of (7^,-rV^, and iQ*-QJ/Q^i along with 
the and A value suggest the model (13) better and 
favours its tricritical nature. However, the low value of 
(Tj^j-r*)- with the high value of (2*'~-2Nr) t)r an 
equivalent high value of (dQ/dT)^^j, seems to be 
glaringly inconsistent which support the molecular MF 
results. 

Influence of nonmesogenic impurities on a NI transition. 
Generally all real nematic contain impurities. It is well 
known that solute impurities which are not sufficiently 
rod-like and rigid in molecular structure depress the NI 
transition temperature. Hence, the addition of non¬ 
mesogenic impurities to the pure nematic leads ‘to a 
broadening of the NI transition temperature and the 
appearance of a two-phase region (see Figure 2). We 
studied^^ the formation of this two-phase region in the 
context of LdeG theory. It was showm^ that this two- 
phase region indicates the first-order character of the 
NI transition.The depression of the NI transition tem¬ 
perature is connected with the width of the two-phase 
region and the entropy of the transition^^ 

= (14) 

where Ax and A^^^j are the width of the two-phase 
region and entropy of the pure nematic solvent. Hence 
for A5 'j^j 75:0, a two-phase region must exist at a fixed 
temperature. For second-order transition A5'j^j = 0, i.e. 
two-phase region disappears. The form of the two-phase 
region (see Figure 2) is determined by two factors: (i) 
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anomaly small values of the coefficients B and C in 
expansion (11). (ii) nonideality of the mixture. The 
smallness of B means that the transition is close to 
second order. In the case of B = 0, nonideality of the 
solution may lead to the appearence of a TCP due to 
the coupling between the order parameter and concen¬ 
tration^^. If the transition in a mesogenic solvent is very 
near to TCP (C«l), the phase diagram for a dilute 
solution has the form presented in Figure 3. 

Hence from the above analysis it is clear that the 
two-phase region of Figure 3 indicates the tricritical 
behaviour of the NI transition. 

Critical behaviour at the NI phase transition 

Background. Though the singular-like behaviour of vari¬ 
ous quantities at the NI transition is still a puzzle, the 
solution could well be obtained within the LdeG theory 
and the prediction of this theory should be compared 
with the experimental data. Owing to the first-order 
nature of the NI phase transition, the part of the critical 
region, closest to the critical point, is not accessible to 
experiment. Therefore the critical exponents, being de¬ 
fined in this very region, cannot be determined without 
the use of some extrapolation, Poggi et alP, for example, 
obtained a critical exponent /3=l/2 (classical) for the 
order parameter versus temperature in methoxy- 
benzylidene butylaniline (MBBA). Keyes, however, has 
shown""^ that y3=l/4 (tricritical) can also fit the data 
quite well in demonstrating the potential ambiguity in 
obtaining the critical exponents at a first-order transi¬ 
tion. Others have also found tricritical-like exponents^’’ 
although these measurements are by no means unambi¬ 
guous. Keyes suggested~^’ that the critical exponents for 
quantities diverging toward temperature T'^\ before being 
cut off by a first-order transition at should be the 
characteristic of TCP. The difference between critical 



X 

Figure 2, Typical temperature (/’) versus concentration (x) diagram 
at a low solute mole fraction. 
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and tricritical behaviour of the NI transition is difficult 
to verify. The main reason to suspect the tricritical 
behaviour is the value of For the exponent y?, a best 
value yS = 0.247 ±0.01 was obtained for 8CB. This value 
strongly supports the suggestion of tricritical character 
of the NI phase transition. On the other hand, high 
precision measurements of specific heat near the NI 
phase transition of MBBA show that the behaviour of 
this transition is near tricritical and does not appear to 
agree with the LdeG model (3). Concerning the specific 
heat phenomena, Anisimov et al?'^ made a strong plea 
for tricritical hypothesis fitting their data of very precise 
specific heat measurements of MBBA and other com¬ 
pounds. 

In the nematic phase the "director" fluctuations are 
critical. Nelson and Pelcovits^^ pointed out that strongly 
developed director fluctuations could alter the character 
of the NI transition and make it very weakly first order. 
Vigman, Larkin and Filev^^ applied the RG approach 
to the description of fluctuation behaviour near the 
isolated critical point on the NI transition line. At this 
point the cubic invariant in the effective Hamiltonian 
is equal to zero. With quadratic (A) and cubic {B) 
variables (in the laboratory one could adjust the tem¬ 
perature and pressure of which A and B are smooth 
functions) we would get a first-order transition except 
at an isolated critical point A=B = 0, where the Jump 
in the order parameter vanishes. Several workers inves¬ 
tigated the Landau point with fluctuation by means of 
Landau theory^'^ and epsilon expansion method'^^’^^. The 
values of the critical exponents for the five components 
of the order parameter (n = 5) at <i = 3, s = 1, in the 
vicinity of this point are obtained as /?~0.38, 
V ~ 0.64, y ~ 1.27, 7/ ~ 0 and a - 0.04. However, these 
results are far from the experimental results. Trimper^^ 
studied the NI transition in 2H-e dimensions. Applying 
the procedure m 2 +s dimensions, he showed that the 



Figure 3. Phase diagram of a diluie solulion in ihe case of tricritical 
behaviour ol' the pure solvent. 
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phase transition remains second-order with a ‘transition 
temperature’ proportional to s. Recently, Wang and 
Keyes^"* calculated the fluctuations of all five components 
of the orientational order parameter of a NLC in a wide 
variety of circumstances involving several types of critical 
and multicritical points. Rzoska et alP discussed the 
critical behaviour of dielectric permitivity in the isotropic 
phase of nematogens. Their analysis shows an adequate 
description of the pretransitional behaviour of dielectric 
permitivity in the isotropic phase of nematogens. 

Therefore the study of the pretransition (fluctuation) 
phenomenon near the first-order phase transition can 
reveal the physical reasons for their closeness to the 
second order. 

Landau-de Gennes theory. When there are no external 
magnetic or electric fields, the nematic and isotropic 
liquid do not have the same symmetry. The character 
of the NI phase transition can be changed by applying 
an electric or magnetic field. The effect of an applied 
field is to induce orientational order in the isotropic 
phase that grows with increasing field intensity. For the 
case of positive dielectric anisotropy, the first-order 
phase boundary in the temperature-applied field plane 
terminates in a field-induced critical point. This phase 
diagram is thus analogous to that of a liquid-gas system 
in the temperature-pressure plane. Eventually, with 
increasing the external fields, the jump at the transition 
vanishes at the field-induced critical point. The increase 
in 'Orientational order in the isotropic liquid results in 
an enhancement of the NI transition temperature, 

As an analogy to paramagnetism, the isotropic liquid 
with field-induced orientational order is called parane- 
matic. As a result, it is now possible to pass through 
the field-induced critical point and observe the state 
beyond where nematic and paranematic states are indistin¬ 
guishable. 

The physical consequences of the LdeG theory will 
be investigated when an external field is induced. The 
LdeG free-energy in the presence of an external magnetic 
field is obtained'" by 

F= ^ 2^ - I 12' + f + D(yQf - HQ. (15) 

Near an isolated critical point on the NI transition line, 
we find^^"^^ a critical region at // = 0 if the first-order 
transition is near enough to the isolated critical point. 
If the transition point is remote enough, we have a 
critical region if We also investigated the possi¬ 

bility^*^ of the critical region at the first-order transition 
line of the NI transition in the context of epsilon 
expansion. We see^^ that a model (2) with tensorial 
order parameter, which has a interaction in addition 
to C(2^, has a critical value below which 
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there is no transition. At the critical value the system 
undergoes a second-order transition with no symmetry 
break. Above the critical value of B the transition is 
of first order. This is contrary to the prediction of 
Landau’s theory. This result holds also for d>4, since 
it depends only on the fact that A^ = 0. Thus if at 

the behaviour is critical, assuming that in the scaling 
law^^ the nonanalycity appears at the critical point (fluid¬ 
like critical point) and also on the spinodal curve, the 
critical indices of the absolute stability limit of the 
nematic phase (metastable) are and 

Thus we see that there is a possibility 
of critical behaviour with d = 3 for the NI phase transition. 
This argument has recently been verified experimentally 
by Rzoska et al?^. 

We have calculated^^ the anomalous parts of the 
specific heat capacity of NLC above the transition point 
on the basis of continuum theory of de Gennes. The 
excess specific heat capacity at constant pressure (per 
volume) due to fluctuation is given^'^ by 

AC^(T) = 2,54 X 10-^ T" {T- 318.7] J/mol/K. (16) 

The experimental and theoretical heat capacities are 
shown in Figure 4. For the case of MBBA the experi¬ 
mental points of Anisimov et alP are found to be well 
reproduced by the empirical formula (16). We also 
observe that the amplitude of the order parameter fluc¬ 
tuation increases abnormally near and it brings about 
the anomalous increments in heat capacity. This may 
be caused by either a very weak first-order character 
of this transition which is driven by the fluctuations of 
the nearby NI transition or more likely a macroscopically 
inhomogeneous distribution of impurities. This analysis 



Figure 4. The specific heat capacity (Cp) versus temperature (2) of 
MBBA. Solid line, theoretical data; open circle, experimental data of 
reference 27. 
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clearly indicates the pretransitional phenomenon of NLC. 
This pretransitional phenomenon indicates that the NI 
transition is close to being second-order. 

Renormalization-group theory. In recent works'^^^'^^ we 
have used the RG technique to calculate the 
of the NI transition. The model free-energy of the LdeG 
form can be written as 

F=Jd-X [ i ml + V, Q. V, e,) - BQ,. Q., Q,, 

+ (17) 

Here d^x indicates k functional integral in d dimension 
over the tensor field Q = Q(x). The external field H.. is 
set to the uniaxial form = -H/2. 

. The model (17) was studied extensively by 
s { = 4-d) expansion technique"^^. This method relies on 
the fact that the MF approximation is exact for d>4. 
It is a perturbation expansion about the solution for 
d = 4. The fixed point of the RG corresponds to a 
second-order phase transition with 5 = 0. The cubic 
coupling was found to be a ‘relevant’ term so B was 
treated as a perturbation. The scaling form of the equation 
of state in the second order of epsilon expansion is 
obtained^^’^^” as follows: 

^ ^ =m. (18) 

The result for 

fix)= 1 +x + ef^(x)+e^f^(x), (19) 

where ;c=r/2'''^ 

<5 = 3+e, «> = ! +^,/3= i - 1^. (20) 

The quantity t is the reduced temperature 
f=(7-T*)/r*. The quantity t is the temperature at 
which the second-order phase transition would take place 
if B were zero. Therefore, T* is the temperature that 
retains its original significance as the temperature at 
which the light scattering intensity would diverge if 
there were no cubic coupling and hence no first-order 
transition. 

From general thermodynamic arguments we know that 
H = -dF/dQ. The free-energy may therefore be found 
by integrating the equation of state with respect to Q. 
The conditions that the free energies of the isotropic 
and nematic states be equal and that the free-energy be 
a local minimum with respect to Q can be expressed 
as 

jy(Q')dQ' = 0, (21) 
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m) = 0. ( 22 ) 

For fixed B these equations are to be solved for 
Q-Qm ^ = W psulting value of is then 
expressed as ^ni“ (^ni^ This requires a numeri¬ 

cal solution of eqs (21) and (22) as a function of B 
by putting the experimental value = 0.4. One obtains 
the value of - 7* = 7.4699 K. The strong point of 
this method over the earlier methods described above 
is that this method needs only one experimental datum 
input namely the jump in order parameter at Although 
this result is more encouraging than the previous work'^ 
it is far away from the experimental finding. In order 
to improve this result we then extend this calculation 
near the coexistence curve'^^ Here coexistence curve is 
defined as the region of small external field and below 
the critical temperature. NLC are arrangements of 
approximately parallel molecules whose centre of mass 
have no long-range order, similar to ordinary liquids. 
Interaction between the molecules is invariant under 
simultaneous rotation of the axis of the molecules of 
their centre of mass. The total angular momentum is 
conserved and the components of their molecular quad- 
rupole moment, the director are the ‘symmetry breaking’ 
and ‘symmetry restoring’ variables. Therefore the director 
fluctuations correspond to the dynamical mode which 
is critical for all temperatures in the nematic phase. The 
role of symmetries is a new topic of considerable current 
interest. It is observed that scale invariance is a natural 
property, for systems in which infinitesimal symmetries 
lead to Goldstone modes in many-body degenerate 
states. This has been tested both experimentally and 
numerically' for NLC. Fluctuations in NLC are unique 
in that they vary from microscopic to macroscopic length 
scales. 

Considering the uniaxial system with a continuous 
symmetry, there exists massless modes, Goldstone bosons 
at all temperature T<T^ (critical temperature) when the 
external field H is taken to zero, leaving a spontaneously 
broken symmetry. Because of these Goldstone modes, 
the limit can be thought of as a critical point 

for all T< T^. In other words, the transverse susceptibility 
becomes infinite when H-^0. The improved value of 
(Tj^j-T*) was obtained"*^ near the coexistence curve as 
Tni""T* = 3K. The closeness of this result with the 
observed rj^j~r* = lK supports the idea that a RG 
calculation can lead to the resolution of the — 
puzzle. This supports the view that the discrepancies 
between the usual analysis of the model and the ex¬ 
perimental results are due to the MF calculation and 
not due to the model itself. 

We also calculated^*^ the critical exponents numerically 
for the d = 3 LdeG model near the isolated critical point 
on the NI transition line from the recursion relations 
obtained by. Wilson'^'^ in the 7 = 0 approximation from 
RG theory. We find that the critical exponents, namely 
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7=1.277 and v = 0.638 are in fair agreement with the 
best epsilon expansion results 7=1 .277 and v = 0.64. 

Conclusion 

The low values of and (<2*- 

pose a long standing puzzle in spite of the numerous 
theories of the NI transition. Further, the very nature 
of the critical behaviour near is not properly under¬ 
stood. We have consistently and semi-quantitatively suc¬ 
ceeded in explaining these puzzling aspects. The 
consistent values of and (2 *-Gni)/Gni along 

with p and A value suggest the tricritical nature of the 
NI transition. We also find that not only the director 
fluctuations but also the density fluctuation alter the 
character of the NI transition and make it very weakly 
first order. Although we have made some progress in 
explaining different phenomena related to the critical 
properties of the NI transition, in no case have we 
found complete numerical agreement between theory and 
experiments. Realistic results are expected to come from 
more realistic Hamiltonian or, maybe better approxima¬ 
tions than used here are also needed. In short, for the NI 
transition one does not have the final word as yet. 


1. Gray, G. W., Advances in Liquid Crystals (ed. Brown, G. H.), 
Academic Press, New York, 1976, vol. 2. 

2. Priestly, E. B., Wojtowicz, P. J. and Sheng, P., Introduction to 
Liquid Crystals, Plenum, New York, 1975. 

3. Chandrasekhar, S., Sadashiva, B. K. and Suresh, K. A„ Pramana, 
1977, 9, 471; Chandrasekhar, S., Sadashiva, B. K., Suresh, K. A., 
Madhusudana, N. V., Kamar, S., Sashidhar, R. and Venkatesh, G., 
J. Phys. (France) Colloq., 1979, C3, Suppl. 4., 40, C3-120-124. 

4. ChandravSekhar, S., Liquid Crystals, Cambridge Univ. Press, Cam¬ 
bridge, 1992. 

5. de Gennes, P. G. and Prost, J., The Physics of Liquid Crystals, 
Clarendon Press, Oxford, 1993. 

6. Indenbom, V. L. and Loginov, E. B., Sov, Phys. Crystallogr. , 1981, 
26, 526-531. 

7. Dorfman, J. R., Kirkpatrick, T. R. and Sengers, J. V., Ann. Phys, 
Chem., 1994, 45, 213-217. 

8. Schenzle, A. and Brand, H. R., Phys. Rev. A, 1979, 20, 1628-1647. 

9. Brand, H. R., Kai, S. and Wakabayashi, S., Phys. Rev. Lett., 1985, 
54, 555-557. 

10. de Gennes, P. G., Phys, Lett. A, 1969, 30, 454-456; Mol. Cryst. 
Liq. Cryst., 1971, 12, 193-214. 

11. Maier, W. and Saupe, A., Z. Natiirfosch. A, 1958, 13, 564-570. 

12. Shih, Y. M., Huang, H. M. and Woo, C. W., Mol. Cryst. Liq. 
Cryst., 1976, 34, 7-12. 

13. Fan, C. and Stephen, M. J., Phy.s. Rev. Lett., 1970, 25, 500-502; 
Stinson, T. W. and Litster, J. D., Phys. Rev. Lett., 1970, 25, 
503-506. 


14. Priest, R. G., Mol. Cryst. Liq. Cryst, 1978, 41, 223-227. 

15. Zhang, Z., Mouritsen, O. G. and Zuckerman, M. J., Phy,t Rev. 
Lett, 1992, 69, 2803-2806. 

16. Tao, R., Sheng, P. and Lin, Z. F., Phys. Rev. Lett, 1993, 70, 
1271-1274. 

17. Mukherjee, P. K., Bose, T. R., Ghose, D. and Saha, M., Phys. 
Rev. E, 1995, 51, 4570-4573. 

18. Nandi, B., Mukherjee, P. K. and Saha, B., Mod. Phys. Lett B, 

1996, 10, 777-781; Mukherjee, P. K., Int J. Mod. Phy.s. B, (in 
press). 

19. Mukhopadhyay, K. and Mukherjee, P. K., Int J. Mod. Phys. B, 

1997, 11, 3479-3489. 

20. Mukherjee, P. K., Mod. Phys. Lett. B, 1997, 11, 107-114. 

21. Gramsbergen, E. F., Longa, L. and de Jeu, W. H., Phy.t Rep., 
1986, 135, 195-257, 

22. Mukherjee, P. K., Liq. Cry.st., 1997, 22, 239-243. 

23. Poggi, Y., Allen, P. and Filippini, J. C., Mol. Cryst. Liq. C}yst, 

1976, 37, 1-7. 

24. Keyes, P. H., Phys. Lett A, 1978, 67, 132-134 ; Priest, R. G., 
Phys. Lett. A, 1974, 41, 475-476. 

25. Frankel, D. and Eppanga, R., Phys. Rev. Lett, 1982, 49, 1089-1092. 

26. Keyes, P. H. and Shane, J. R., Phys. Rev. Lett, 1979, 22, 722-725. 

27. Anisimov, M. A., Garber, S. R., Esipov, V. S., Mamnitskii, V. M., 
Ovodov, G. I., Smolenko, L. A. and Sorkin, Sov. Phys. JETP, 

1977, 45, 1042-1047; Anisimov, M. A., Zaprudskii, V, M., 
Mamnitskii, V. M, and Sorkin, E. L., JETP Lett, 1979, 30, 491-494; 
Anisimov, M. A., Mol. Cryst Liq. Cryst, 1986, 162, 1. 

28. Nelson, D. R. and Pelcovits, R. A., Phys. Rev. B, 1977, 16, 
2191-2199. 

29. Vigman, P. B., Larkin, A. I. and Filev, V. M., Sgf. Phy.'i. JETP, 
1976, 41, 944-948. 

30. Mukherjee, P. K., Liq. Cryst, 1998, 24, 519-523. 

31. Vause, C. and Sak, J., Phys. Rev. B, 1978, 18, 1455-1463, 

32. Mukherjee, P. K., J. Chem. Phys., (in press). 

33. Trimper, S., Phys. Stat Sol.(b), 1987, 141, 369-375. 

34. Wang, Z. H. and Keyes, P. H., Phys. Rev. E, 1996, 54, 5249-5262. 

35. Rzoska, A. D., Rzoska, S. J. and Ziolo, J., Phys. Rev. E, 1996, 
54, 6452-6456; ibid, 1997, 55, 2888-2891. 

36. Mukherjee, P. K., PhD thesis, Calcutta University, 1996. 

37. Mukherjee, P. K. and Mukherjee, T. B., Phys. Rev. B, 1995, 52, 
9964-9969. 

38. Mukherjee, P. K., Mod. Phys, Lett B, 1996, 10, 771-775. 

39. Mukherjee, P. K., J. Chem. Phys., (in press). 

40. Mukherjee, P. K., Saha, J., Nandi, B. and Saha, M., Phy.s. Rev. 
B, 1994, 50, 9778-9780. 

41. Mukherjee, P. K. and Saha, M., Phys. Rev. E, 1995, 51, 5745-5747. 

42. Priest, R. G. and Lubensky, T. C., Phys. Rev. B, 1976, 13. 
4159-4171. 

43. Mukherjee, P. K. and Saha, M., Mol. Cryst Liq. Cryst, 1997, 307, 
103-110. 

44. Wilson, K. G., Phys. Rev. B, 1971, 4, 3174-3183; 3184-3205, 

ACKNOWLEDGEMENTS. I thank Prof. Y. Singh for useful discus¬ 
sions and comments during my TPSC visit at BHU. Special thanks 
go to Dr C. D. Mukherjee for critical reading of the manuscript. 

Received 19 January 1998; revised accepted 29 April 1998 


952 


CURRENT SCIENCE, VOL. 74, NO. 11,10 JUNE 1998 


REVIEW ARTICLES 


A profile of adenosine triphosphate 


T. Ramasarma 


Department of Biochemistry, Indian Institute of Science, Bangalore 560 012, India 


An attempt is made to draw a profile of adenosine 
triphosphate (ATP) and to project its many actions* 
The amazing versatility of its participation in a 
number of synthetic reactions lies in the oligophos- 
phate structure. Many proteins that use ATP have 
conserved binding ‘P-loop’ but this gives no clue 
what makes it so special. The energy transducing 
reactions leading to synthesis of the terminal phos- 
phodiester had at least three strategies. Of these, 
direct dehydration and transfer of inorganic phos¬ 
phate using respiratory energy operate through 
mechano-coupling in a muitisubunit protein. This 
tripartite, knob-stalk-base structure provides a 
novel mechanism of rotational catalysis and the tini¬ 
est molecular motor. All the reactions occur in 
concert with no sign of energized chemical interme¬ 
diate. With the new knowledge on the crystal 
structure of Fi-ATPase, proton translocation needs a 
relook. An alternative perspective is emerging on 
energy being received and stored in polypeptide 
structure by breaking hydrogen bonds. Membrane 
serves the purpose of mobilizing the constituent pro¬ 
teins and also as a potential energy carrier of 
proteins with little loss of energy. 


In nature, energy is transformed from the primary 
chemical storage as carbon-hydrogen (C-H) bonds to 
chemical, electrical, osmotic, mechanical and thermal 
forms to support functions of biosystems. Biological 
energy transduction systems are fine examples of design 
and engineering perfected over the long evolutionary 
period. Basically, there are two underlying processes: 
the production of the unique energy currency of the cell, 
the magic molecule adenosine triphosphate (ATP), and 
the energization of the membrane, for performing energy 
transactions. Here lies the secret of the design backed by 
accumulated experience of three billion years of exis¬ 
tence of life on earth. Two key questions are: What 
makes ATP the most suited energy-dollar? What hap¬ 
pens in cellular membranes which are the site of key 
tranduction processes? 

The ATP molecule and its energy 

Fiske and SubbaRow\ and Lohmann^ both independ¬ 
ently discovered ATP in 1929. Narrating the historical 
event,'Maruyama^ reported that SubbaRow presented his 


paper at the New York Academy of Sciences much ear¬ 
lier on the isolation from muscle extracts a compound of 
adenosine with three pho’sphates, one of them linked to 
ribose. But the abstract was not printed in the proceed¬ 
ings. Lohmann later found that ATP is a derivative of 
adenosine-5-phosphate with two more phosphates at¬ 
tached in phosphodiester linkages (Figure 1) and this 
was later confirmed by chemical synthesis by Todd"^. 

Requirement of energy for cellular processes such as 
membrane transport and chemical synthetic reactions is 
self-evident. With a commendable foresight, Lipmann^ 
postulated that some compounds act as intermediate 
carriers of energy, designated by the famous swiggle (-) 
to indicate their ‘energy-rich’ character, and suggested 
that hydrolysis bf ATP to ADP+Pi could be the major 
provider of cellular energy currency, the equivalent of a 
metal coin, a paper note or a plastic card. 

Of the main phosphate compounds, only those with 
phosphodiester-acyl phosphate, enol phosphate and N- 
phosphate bonds - are ‘energy-rich’ or more appropri¬ 
ately described as having ‘high group transfer potential’, 
(Table 1). The expression ‘energy-rich’ implies that on 
hydrolysis of such bonds sufficient energy is available 
for formation of bonds of useful compounds. In general, 
ATP provides for much of the energy requirement of a 
biosystem, but the pool size of adenosine phosphates is 
limited. Therefore hydrolysis of ATP must be continu¬ 
ously compensated by its synthesis. The awesome 
magnitude of this demands a turnover of ATP in a day 
equal to half the body weight of a lethargic person! 
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Figure 1. The structure of ATP. The structure and numbering 
is adapted from ref. 10 except for showing the three phosphates 
in linear chain. Arrows are given on top to indicate the splits 
that occur before a, p and y phosphates in many reactions ATP 
undergoes. 
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Table 1. High group transfer potential phosphates. The atoms 
attached to phosphate are arranged to bring a common basis of 
three ‘energy-rich’ phosphates; -(0=C-0-P), -(H2C=C-0-P) or 
-(HN=C-N-P) indicated by (X=Y-Z-P). The values of energy re¬ 
leased on hydrolysis of the phosphate bond AGo are given in 
kcal/mole (1 kcal is about 4.2 joules/mole). All the O and H are 
not shown. R is attached to Y 


Compound AGo kcal/mole 

R 

X=Y-Z-P 

ATP 

7.3 

AMP-0- 

0=P-0-P 

Pyrophosphate 

8.0 


0=P-0-P 

Creatine 

phosphate 

10.3 

CHs-N- 

1 

HN=C-N-P 


HOOC-CHa 

Acetyl phosphate 

10.3 

CH3- 

0=C-0-P 

Phosphoenol pyruvate 

14.8 

-COOH 

H2C=C-0-P 



Structuring three phosphates with two phosphodiester 
linkages is part of an overall strategy of selection of 
ATP as the crucial molecule for bioenergetic functions. 
This unfolds as we learn about the multiple hydrolytic 
and synthetic reactions that depend on ATP molecule. 
Although the single phosphodiester of ADP should make 
it equally competent, however, ADP substitutes poorly, if at 
all, in most ATP-requiring reactions. A rare exception was 
found in our laboratory® wherein ADP was equally effective 
as ATP for supporting low rates of mevalonate kinase, only 
when used at sub-saturation concentration. 

Why so many ATPases? 

Hydrolysis of ATP by the enzyme, ATPase cleaves the 
terminal y-phosphate, releasing 7 kcal of energy which 
can be made available to support a variety of cellular 
activities. A number of ATPases associated with specific 
functions are identified by single alphabets (Table 2). 
Broadly they form two groups, which are characterized 
by formation of enzyme intermediates either of E-P type 
with covalently linked phosphate or of Ep°'’ with 


Figure 2. Schematic representation of evolution of two branches of 
ATPases from a primitive H'*'-pump. Those with E-P-intermediate 
developed into pumps. Those with intermediate formed the 

contractile proteins and ATP synthase indicating mechano-coupling 
as the basis of their action (adapted from Energy Transducing 
ATPases (ed. Tonomura, Y.), Cambridge Univ. Press, 1986). 

noncovalently bound ADP and inorganic phosphate (P). 
These two groups have evolved from a primitive 
ATPase (Figure 2). One branch developed into va¬ 
nadate-sensitive transport forms; P-type for cations and 
M-type for efflux of drugs (also known as ABC trans¬ 
porter or traffic ATPases). Discovery in 1957 by Skou^ 
of Na*^, K'^-ATPase, the first among this class, was re- 
, warded by half share of the 1997 Nobel Prize in 
Chemistry. The second group of ATPases are not sensi¬ 
tive to vanadate as they carry no E-P intermediate, and 
are utilized for functions that depend on mechano- 
coupling of energy. Among these are the C-type, which 
are involved in contractile proteins such as myosin, and 
the F-type present in mitochondria, chloroplasts and 
bacterial membranes, whose real function is synthesis of 
ATP in the reverse. The first of these Fi-ATPase in 


Table 2. Classification of some ATP-hydrolysing proteins. The list is not complete. Some information on the size 
and subunits is given. The single alphabet code is shown. The P and M type activities are vanadate-inhibited 


Alphabet 

code 

Name 

Mol. wt 
(kDa) 

Subunits 

(kDa) 

P 

M 

Na'". K'’--ATPase 

P-Glycoprotein 

500 

100(4a), 40(4y3), 11 (ly) 


(multidrug resistant) 

130-170 

- 

C 

Myosin (contractile) 

480 

200 (2HC), 15-25 (2LC) 


Dynein-(contractile) 

1300 

330 (A). 122, 90. 76, 24-14 (LC) 

V 

Vacuolar ATPase 

172 

89(a), 64 (b). 19.5 (c) 

F 

F()Fi (mitochondria) 

370 

54 (3a), 50 (3/3), 33 (3y) 

(other minor ones, variable) 

H 

Heat-shock proteins (hsp) 

70,90 

- 


Grp 

78 

60 (EL). 10 (ES) 


Gro E 

60+10 

N 

Rec B, Rec A 
(DNA-dependent ATPase) 

140, 40 


E 

Ectonuclease 
(outer surface ATPase) 
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Table 3. Multiple synthetic reactions dependent on ATP. The molecule ATP is used as source of energy and its components in multiple enzyme 
reactions. These involve split at a-, and y-phosphate positions and transfer of phosphate, pyrophosphate and AMP groups to acceptors 

ATP reaction and type of overall reaction 

Examples 

A. ATP ADP+Pi 

(source of energy; P-y phosphate bond split) 

1. Carboxylation, addition to CO 2 to CH 3 -C 

Pyruvate carboxylase 

2. Decarboxylation, removal of CO 2 from CH 2 COOH 

Mevalonate-5-PP decarboxylase 

3. R.NH 2 -N transfer to carboxyl-C 

Glutamine synthetase 

4. Transfer of whole amino acid: 

- amino-N to a carboxyl-C 

Formyl glycinamide ribonucleotide glutamine aminotransferase 

5-Aminomidazole-4-(N-succinylocarboxamide ribonucleotide) 

- carboxyl-C to an amino-N 

(SACAIR) synthetase 

Glycinamide ribonucleotide (GAR) synthetase 

5. N-C cyclization 

5-Aminoimidazole ribonucleotide (AIR) synthetase 

B. ATP+X ADP+X-P 

(y-P transfer to acceptors, kinases) 

1. Hydroxyl group - sugar 

Hexokinase 

- primary 

Choline kinase 

- secondary 

Pyruvate kinase 

2. Carboxylate-OH 

3-phosphoglycerate kinase 

3. Phosphate-OH 

Adenylate kinase 

4. Guanidine-N 

Creatine kinase 

5. Protein-Ser/Thr-OH 

Protein kinase A (or C) 

6 . Protein-Tyr-OH 

Protein tyrosine kinase 

7. Pyruvate+Pi (-> PEP + PP) 

Pyruvate: Pi dikinase 

C. ATP^AMP+PP 

(source of energy, a-p phosphate bond split) 

1. Acyl group activation 

Fattyacyl CoA synthetase 

(Adenylate intermediate) 

Aminoacyl-tRNA synthetase 

2. Cyclization of phosphate to cyclic AMP 

Adenyl cyclase 

D. ATP+X^AMP+X-PP 

{a-p phosphate bond split with PP transfer) 

1. ATP + R-5-P -> AMP + PRPP 

5-Phosphoribosyl-l-pyrophosphate synthetase 

E. ATP+X->X-AMP+PP 

{a-P phosphate bond split with AMP transfer) 

1. ATP + NMN NAD^ + PP 

NAD"^ synthetase 

2. ATP + FMN FAD + PP 

FAD synthetase 

3. ATP + Phosphopantetheine Dephospho-CoA 

3-Dephospho-CoA synthetase 

4. ATP -1- Sulphate -4 5'-Adenosyl phosphosulphate 

5-APS synthetase (sulphate activation) 

5. ATP + (NTP)„ -> RNA + PP„ 

RNA polymerase 

F. ATP + X -4 Adenosine-X + PP + Pj 
(Splits all three phosphates) 

1. ATP + Methionine —> S-Adenosyl-methionine + PP-fPi 

S-Adenosyl-methionine synthetase (methionine activation) 


mitochondrial membranes was discovered by Racker^ 
who should have shared the 1997 Nobel Prize in Chem¬ 
istry had he been alive. 

Other ATPases with specific functions are also rec¬ 
ognized: vacuole-located V-type sequesters some 
metabolites within the cell; the H-type, representing heat 
shock proteins (hsp), act as chaperones and protect vital 
proteins under stress conditions; the N-type are depend¬ 
ent on DNA and help in their unwinding (e.g. Rec B) or 
restriction enzymes (e.g. EcoRl); the E-type ecto- 
ATPase, residing on the outside surface of the cell, is 
related to purinergic receptor system and needs endoge¬ 
nous ATP to be brought out for its activation. 

Multiple synthetic reactions dependent on ATP 

ATP is a versatile molecule, both as a source of energy 
and as a donor of its own constituents - phosphate, 


pyrophosphate and AMP. It can be cleaved at the ester 
linkages of all the three phosphate groups and transfer 
part of the split molecule to the acceptors (Table 3). 
Some reactions which are supported by split in y- 
phosphate of ATP with both ADP and Pi released are: car- 
boxylation, decarboxylation, transfer to carboxyl-C of 
ammonia-N, amino-N of glutamine and amino-N along with 
the rest of asparagine, transfer to amino-N of glycine car¬ 
boxyl, and cyclization of formyl-C and amino-N. 

Kinases form the major group of enzymes among the 
ATP-utilizing reactions. Other nucleotide triphosphates 
do not substitute ATP, or do so only poorly. A large 
number of compounds are activated by phosphorylation 
using y-phosphate of ATP. There are different phos¬ 
phate acceptor groups - primary hydroxyl-0, 
carboxylate-O, phosphate-O, guanidino-N (creatine and 
arginine), and also protein-bound serine, threonine and 
tyrosine (protein kinases). 
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No example exists which shows transfer of ADP from 
ATP to an acceptor. There does exist a sole example of a 
kinase which uses both y- and j3-phosphates of ATP in a 
coupled reaction of phosphorylation of two substrates. Ex¬ 
clusive to plants, pyruvate-Pi dikinase phosphorylates 
pyruvate to phosphoenol pyruvate and inorganic phosphate 
to pyrophosphate thereby releasing AMP from ATP. 

The significance of ATP having three phosphates is 
revealed by a set of reactions that use energy derived by 
splitting between a- and /3-phosphates. The two prod¬ 
ucts, AMP and PP, are released, each of which can be 
transferred to suitable acceptors and in the process re¬ 
lease the other one, and AMP portion released can go 
into polymerization or cyclization reactions. 

One unique reaction that cleaves all the three phos¬ 
phates of ATP is in the activation of methionine. The 
synthesis of the biological source of methyl groups, 
S-adenosylmethionine, occurs by transfer of the adeno- 
syl group of ATP to methionine sulphur with 
simultaneous release of PP and Pj. 

Structure of ATP molecule 

The oligomeric phosphates make ATP a highly flexible 
molecule. The P-0 bonds can freely rotate and can keep 




Figure 4, Structure of protein-bound ATP. a. The molecule of ATP 
bound to /3-subunit of Fj-ATPase as seen in the crystal structure, 
redrawn from the data provided by Abrahams et al Only the atoms 
C, N, O and P are shown. The ‘P-loop’ (AGVGKT) is shown as a 
hatched band surrounding the phosphate chain as a sickle and ham¬ 
mer. Only lysine (K)-N comes close to y-phosphate-0. Note the 
phosphate chain is linear and away from the base unlike the metal 
complexes, h. Common topology of Mg-dependent ATP hydrolysing 
enzymes at the binding site in protein (Adapted from refs 17 and 19). 
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Figure 3. Structures of ATP and Mg^"*" and Na"^ complexes, a, 
Mg.ATP based on the proposal of Szent-Gyorgyi^^ with the phos¬ 
phate tail) bent over the base to form a quadridentate chelate, h. The 
crystal structure of disodium ATP of Kennard et also shows bent 
tail over base but coordination of. cation occurs only with N? of 
adenosine and an oxygen of y-phosphate. Only C, N, O and P atoms 
are shown along with Mg and Na. 


the chain in linear extended form as in the case of inor¬ 
ganic triphosphate^, or fold it back over the adenine 
base^®. The requirement for for most ATP reac¬ 

tions led to the recognition that Mg-ATP complex is the 
actual substrate, particularly for kinases^^ Increase of 
either Mg^'*' or ATP concentration over 1:1 ratio pro¬ 
duced inhibition of choline kinase^Intramolecular 
quadridentate complex of Mg-ATP was therefore pro¬ 
posed as the active species by Szent-Gyorgyi^^. In this 
two oxygens of / 3 - and y-phosphates and two nitrogens 
of adenine base (Ce amino and N 7 ) are bridged by 
as though the tail is bent over the body (Figure 3). In 
view of this shape we refer to this as a ‘scorpion model’. 
Initial evidence for this model was provided by the ap¬ 
pearance of a minor band at 1683 cm'^ in infrared 
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spectrum representing C-N'^ when was complexed 
with ATP or ADP, but not with AMP + PP (ref. 14). 

The crystal structure of disodium ATP confirmed that 
the phosphate chain is indeed folded back on the ade¬ 
nine base^°. The bent conformation is stabilized by Na*^ 
by bridging y-phosphate-O and adenine N 7 (Figure 3). 
This is facilitated by the unusually large torsion angle of 
224° about CS'-OS' between ribose and a-phosphate, in 
contrast to 180° or less in other AMP derivatives. The 
complex Mg-ATP has not been crystallized so far and, 
consequently, it remains to be seen whether two phos¬ 
phates and two nitrogens are involved as indicated in the 
‘scorpion model’. In such a folded structure the N-N- 
0 - 0 , with approximate 2.8 A distance, appears as a 
parallelogram with Mg at the centre. It is a coincidence 
that two amino-N and two carboxyl-0 of peptide bonds 
in adjacent hydrogen bonds in a-helix or ^-sheet pro¬ 
vide a similar parallelogram^^. 

Structure of protein-bound ATP 

It is known for some time that a common nucleotide¬ 
binding motif, called ‘P-loop’ also ‘Walker motif A’, is 
present in a number of nucleotide-binding proteins^^. 
This has a consensus sequence of G(X) 4 GKT/S. The 
proteins include adenylate kinase, Rec A, efTu, tran- 
ducion-a and a- and ) 8 -subunits of PpATPase^^ (see ref. 
16 and 17 for others). 

It is clear from the above-mentioned reports that the 
phosphate chain is linear and away from the base, a 
common pattern with ATP and other nucleotides bound 
to proteins. This is illustrated by the disposition of ATP 
in j3-subunits of mitochondrial Fi-ATPase redrawn from 
the coordinates provided by the crystal structure data^^ 
(C, Ramakrishnan, unpublished) (Figure 4 < 3 ). The phos¬ 
phate chain is not in the bent conformation in the 
protein-bound state. The phosphate -0 are within 5 A 
distance from the side chain amino acids of the ‘P-loop’ 
(AGVGKT) and also of Glu-188, Arg-189, Gln-192 and 
Try-311. It is the latter polar amino acids which bind 
with phosphate through charges or hydrogen bonding. 
The conserved ‘P-loop’ identifies the location for fitting 
ATP-phosphate chain (a ‘sickle-hammer’ model). Ab¬ 
sence of side chain (glycines positioned here) probably 
facilitates movement of phosphates, if required. The 
adenine base itself is in company with hydrophobic 
amino acids in the /?-subunit, leaving no chance for 
negatively charged phosphate chain to bend over the 
base. 

The essential Mg^*** is bound near the terminal phos¬ 
phate position and obviously plays a role in the release 
or addition of y-phosphate. In the absence of Mg^'^ all 
three /?-subunits, in EFi-ATPase, bind ATP with same 
affinity, and it is the presence of Mg^"^ that imposes co- 
operativity and high affinity at the catalytic site with 


Kd’s being 0.2, 500, 25000 nM in the three states of the 
/?-subunit‘®. 

In both Fr;3-subunit and Rec A protein, ATP forms 
bidentate complex with Mg^*^ at the binding site^^. This 
common topology may exist with proteins catalysing 
ATP-triggered reactions (Figure 4 b). More than the 
ability of Mg^”^ to partially neutralize negative charges 
of ATP and to stabilize the chelate with bent conforma¬ 
tion, it seems to have a crucial function in quaternary 
structure, and also in tightening and loosening the pro¬ 
tein structure around ATP and ADP. 

Strategies of synthesis of ATP 

A high turnover of ATP characterizes an active metabo¬ 
lism in a cell, and poisoning a step thereof is a sure way 
of killing it. Cellular synthesis of ATP from ADP and Pi 
is vital. 

In glycolysis, glyceraldehyde-3-phosphate (GAP) is 
earmarked for oxidation and part of the energy realesed 
is captured by transferring the resultant acyl group to 
inorganic phosphate. The product 1,3-diphospho- 
glycerate transfers the ‘energy-rich’ 1 -acyl-phosphate to 
ADP in the next step. The enzyme GAP dehydrogenase, 
catalysing this oxidation, is a soluble protein, a tetramer 
of 37 kDa subunit. Interestingly, this enzyme uses NAD"^ 
both as a structural component and as an oxidant 
(parallel ATP binding to structural and catalytic sites is 
found in ATP synthases). At the active site of this en¬ 
zyme is a highly oxidant-prone Cys-149 sitting at the 
edge of an a-heiix^°. A key role is played by this 
sulphhydryl group in anchoring the GAP-aldehyde 
group for oxidation by NAD'^ followed by phosphoroly- 
sis of the thioester bond. Note that oxidation of this 
cysteine by H 2 O 2 , known to inactivate the enzyme, leads 
to a large loss of helical content of the protein^^ 

Intramolecular redistribution of energy through dehy¬ 
dration is another method of obtaining ‘energy-rich’ 
phosphate. Enolase, the only such reaction in glycolysis, 
removes the elements of water, -H from C 2 and -OH 
from C 3 of 2-phosphoglycerate (2-PGA), yielding phos- 
phoenolpyruvate (PEP). This enzyme is a dimer of 
48 kDa subunits. It has a distinct barrel topology with 
two /9-strands followed by two a-helices and then a six¬ 
fold repeat of alternating and a-units \fi 2 ^ 2 (ficjc) 6 ] (ref. 
22 ). Mg^'*' is essential for activity of this enzyme as it is 
necessary for dimerizing the protein, for coordinating 
with the substrate-phosphate at the conformational site, 
and for extracting -OH of the substrate -C 3 at the active 
site cavity, which consists of Glu-168, Asp-321, Lys- 
345 and Lys-396. It will be seen later that Mg^’^ has a 
similar role in FqFi-ATP synthase. 

It is instructive to note that soluble proteins catalyse 
oxidation and dehydration reactions for energizing inor¬ 
ganic phosphate to give ‘energy-rich’ phosphates. The 
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phosphate of 2-PGA is originally from inorganic pool, 
derived in phosphorolysis of glycosidic bond. In both 
cases the proteins use NAD'^ and Mg"^ as structural units 
to tighten their structures which subsequently help in 
binding as well as in breaking of C-H bond from C] of 
GAP or Cz of 2-PGA. Although soluble proteins un¬ 
dergo conversions from C-H to 0=C-0 to 0=C-0P to 
derive ATP, this is not enough to meet requirements of 
the various cellular processes. Consequently, either de¬ 
vising extra amounts of enzyme protein (already GAPD 
is about 10% of total cellular proteins) or enhancing the 
reaction rate could well have been developed. However, 
secondary problems arise with increased formation of 
the product, pyruvate. Making ethanol, as yeast does, is 
not only impractical in all cells but also wasteful ener¬ 
getically. 

Relative ATP yield is 15 times more per carbon on 
oxidation of pyruvate in mitochondria than its formation 
from glucose in cytosol. NADH is produced in the 
soluble matrix in three steps of oxidative decarboxyla¬ 
tion of pyruvate, isocitrate and cr-ketoglutarate. Further 
oxidation of NADH, also by removal of a proton and an 
electron from C-H bond, is carried out by membrane- 
bound electron transport chain of flavoproteins, Fe-S 
proteins, ubiquinone, and cytochromes assembled in the 
form of distinct complexes. In contrast to soluble en¬ 
zymes, these complexes I-IV (Figure 5) contain a large 
number of subunits of about 25, 4, 20 and 13, respec¬ 
tively and are integrated into the membrane by several 
transmembrane passes. 

The strategy adopted for energy transduction is by 
electron transfer at three sites in complexes I 
(NADH Q), III (Q -> cyt. c) and IV (cyt. c ^ O 2 ) 
with large enough energy drop (A£o'=150mV or 
above) which is sufficient to make one ATP. By impli¬ 
cation, their action together as a respiratory chain is an 


interactive transfer of electrons directly through pro¬ 
teins. These redox-protein complexes in the purified 
soluble state are able to function in the absence of Mg^’^ 
and lipid bilayer. Then why membrane localization? 
Attempts to identify ‘energy-rich’ intermediate with any 
of the components or proteins proved futile. 

Withdrawal of electrons by acceptors (e.g. by O 2 from 
cytchrome oxidase) on the matrix side releases protons 
on the cytosolic side of the membrane. Experimentally 
this was demonstrated in mitochondria from liver, and 
led to formulation and chemiosmotic hypothesis by 
Mitchell^, showing existence of a proton gradient sepa¬ 
rated by membranes as a general mechanism for energy 
coupling and ATP synthesis. The energy made available 
during electron transfer ejects protons (ApH), generates 
transmembrane potential (Ai/)) and builds proton elec¬ 
trochemical potential (A/<h+), commonly referred to as 
proton gradient. It can also be built during hydrolysis of 
ATP and is discharged by uncouplers of energy trans¬ 
duction. 

It is generally believed that this process of formation 
and discharge of proton gradient in membrane systems 
forms the core of energy transduction. A mechanism is 
proposed for thermogenesis wherein a 32 kDa protein, 
called uncoupler protein, exclusively found in mito¬ 
chondria of brown adipose tissue (BAT) and implicated 
in cold adaptation, discharges proton gradient releasing 
heat instead of ATP formation"'*. Work in this laboratory 
found that BAT-gcnerated heat is relatively minor 
whereas major source of heat is through peroxidation of 
polyunsaturated fatty acids^\ As already discussed 
above, ATPases have evolved from a primitive Bf*- 
ATPase to perform energy-dependent functions. Why 
not adapt this capacity in the reverse and utilize proton 
gradient to generate ATP? This is indeed the third strat¬ 
egy adopted in nature to synthesize ATP. 



Figure 5 Complexes I-IV of electron transport chain. These are shown as transferring protons for matrix 
pool to cytosolic pool. According to Mitchell’s chemiosmotic hypothesis, protons returning to matrix through 
FoFi ATP synthase (complex V) synthesize ATP. Those returning through uncoupling protein in brown adi¬ 
pose tissue mitochondria generate heat in which free fatty acid shuttle is proposed to participate. 
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Figure 6. The tripartite structure of FoFi-ATPase. a. A typical diagram obtained from a large number of 
studies on electron microscopy and image processing of FoFi-ATPase. b. The dimensions vary to a small ex¬ 
tent with different sources. The parts of knob, stalk and base are shown schematically, c. The present 
understanding of the distribution of subunits. The y-subunit, known to act as a rotor in the two stator units of 
knob and base, is shown hatched at the centre of the stalk (Adapted from refs 29 and 34). 


The phenomenon of oxidative phosphorylation 

The credit for discovery of oxidative phosphorylation is 
shared by Belitzer and Kalckar who independently 
showed in 1937 occurrence of respiration-dependent 
ATP synthesis. The ratio of phosphate esterified to oxy¬ 
gen consumed (P/0) for NADH-linked substrates was 
calculated by Ochoa to be three which showed an effi¬ 
ciency of nearly 50%. The cellular site of this process 
was identified in 1948 by Lehninger as the mitochon¬ 
drion. 

Oxidation of NADH and succinate and accompanying 
phosphorylation occur in protein complexes in the inner 
membrane of mitochondrion which can be separated into 
submitochondrial particles. A tripartite structure, con¬ 
sisting of a base embedded in the membrane linked by a 
stalk to a knob projecting into the matrix, was observed 
in the membrane by electron microscopic studies^^"^® 
(Figure 6). This is identified as the structure for ATP 
synthase, part of which also shows ATP hydrolysis. The 
soluble form of ATPase consisting of the knob and stalk 
portions was first isolated by Racker^ in 1960 and des¬ 
ignated as Fi-ATPase (F for factor). Work in the last 
three decades by many scientists all over the world 
brought out significance of Fj-ATPase which actually 
synthesizes ATP in the native state when associated with 
the base portion called Fq. Together FoFi-ATPase acts as 
ATP synthase, also known as complex V. 

FoFi-ATPase 

It is known that the tripartite structure of ATP synthase 
is ubiquitous in mammalian mitochondria, plant chloro- 
plasts and bacterial plasma membranes. These are 
identified by prefixing an alphabet to indicate the source 
(Mitochondria (M), Chloroplasts (C), E. coli (E), Ther¬ 
mophilic bacterium (T)). ATP synthases are isolated and 
studied as FoFi-ATPase and its components. Interest- 
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ingly, presence of Mg^'** is necessary to hold the two 
parts together. Fi is soluble and shows ATPase activity 
after chelating with Mg^"^ and extracting from the mem¬ 
brane, and the process is reversed by replacing Mg^^. 

It is now recognized that FoFi-ATPase possesses many 
subunits, a characteristic of these membrane-associated 
complexes^^. Table 4 gives comparative information of 
the subunits of M, C and E derived from FoFi-ATPase. 
It is also known that the knob is formed by three units of 
dimer of the two major subunits (a/3)3. This and its 
complex with y-subunit, {ap)^y show ATPase activity. 
Both a- and /3-subunits bind ATP but catalysis occurs 
only in /3-subunits. The stalk has atleast three subunits. 
The y-subunit provides link between Fq and Fi and 
thereby supports proton transfer. The d- and e-subunits, 
and the oligomycin-sensitivity conferring protein 
(OSCP) in M. FpATPase, and in some cases subunit b 
seems to link the knob and base. These have a role in 
suppressing ATP hydrolysis in association with another 
protein IFi inhibitor factor-1 (IFO which is shown to be 
effective in non-helical form at lower pH (ref. 30). The 
MFo consists of large number of subunits compared to 
other sources: a, b, c, d, e, f, g, Fg, A6L (Table 4). Of 
these, a b Cn complex is of common occurrence. It will 
be of interest to know if the additional subunits found in 
MFo have a role in interacting with electron transfer 
complexes and this is discussed later. Together a^P^yds 
(OSCP, IFi in MFi) form PpATPase, and abcg.^ (other 
subunits in MFq) form Fq-ATP ase. In the native state Fo 
and Fi form an interesting architecture as a unit and 
constitute ATP synthase. 

The binding change mechanism 

A new concept for energy coupling and ATP synthesis, 
introduced by Boyer^^ in 1973, perceives that energy is 
utilized for release of tightly-bound product, ATP, from 
the catalytic site. This hypothesis was based on the 
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Table 4. Subunit composition of FoFi-ATPases. The distribution of subunits in mitochondria, chloroplasts and E. coli is shown. The subunits 
of Fi are given Greek letters in decreasing order of mol. wt. and that of Fo in lower case alphabet. The mol. wt. are shown in parentheses as kDa 

Main 

location Mitochondria 

Chloroplasts 

E, coli 

Function 

Knob a (55) 

a (57) 

a (55) 

Structural 

/3 (52) 

;3(54) 

/3(50) 

Catalytic 

Stalk y (20) 

y (38) 

r(32) 

Link between knob and base, rotates between /3-subunits 

OSCP (21) 

5(21) 

5(21) 

Structural, stator link between knob and base 

^(15) 

e(15) 

e(15) 

Associates with /3-action 

e(6) 

- 

- 

- 

IFi 

— 

- 

Inhibits ATPase activity 

Base a (25) 

a 

a (30) 

Helps H'*’ movement 

h 

b 

b(17) 

Not clear (one or two present), part of stator? 

c 

c 

c(8) 

Multiple number, transfer 

d, e, f, g 

- 

- 

Not known 

Ffi, A6L, Factor B 

- 

- 

conduction (?) 


observation that exchange of between Pi-HiO, an 
ADP-dependent reaction, was less sensitive to inhibition 
by uncouplers than Pi-ATP or ATP-H 2 O reactions. This 
led to the proposal that ADP and Pi bind to the catalytic 
subunit of Fj where spontaneous dehydration occurs to 
form ATP (Keq=l) with no energy input ATP thus 
formed remains in a tightly bound state in the protein 
and is released consequent to energy-induced conforma¬ 
tional change (Figure 7). This prompted Boyer^‘ to 
make a fervent plea to ‘overcome a limitation in our 
own thinking.., that in net oxidative phosphorylation, 
as in substrate level phosphorylation, use of energy was 
limited to event occurring before or during but not after 
the formation of each ATP molecule’. A most unusual 
proposition. 

Decades of study went on to explain how pyrophos¬ 
phate in ATP is ‘energy-rich’ and its formation is now 
dismissed as energetically inconsequential^^, though, 
from the standpoint of teaching it is not fair to confuse a 
student of bioenergetics^^ Undoubtedly, energy is 
needed to loosen tightly bound ATP. As will be seen 
later, all the reactions occur in concert - the binding of 
ADP + Pi, their dehydration to ATP and the .release of 
the product - with energy used simultaneously by the 
protein complex. There is no way to infer that the bind¬ 
ing and dehydration steps needed no energy as the active 
sites in these subunits are already prepared for action. 

It is known that three ^-subunits exist in three differ¬ 
ent conformations. Two have ATP and ADP bound and 
one has no nucleotide. All the three forms, viz. j3-ATP, 
^-ADP and coexist. Negative cooperativity between 
the three sites in ATP binding was observed with tight 
binding of one with Kd in the picomolar range and the 
second in micromolar range and the third one hardly 
binding at all. These are also referred to as tight (T), 
loose (L) and open (O) states. Based on these binding 
changes of three states, a mechanism had been proposed 
with three /?-subunits participating in the reaction in se- 
quence^^. On input of energy to FqFi-ATP synthase, the 



Figure 7. Conformation coupling hypothesis of ATP synthesis and 
release. The scheme proposed by Boyer^‘ implies that Pi, ADP, H 2 O 
and ATP can freely exchange with those bound in mitochonclrial- 
ATP synthase. Thus (shown by bold O) can readily exchange 
between Pi and H 2 O provided ADP is present. This does not involve 
loosely bound ATP and therefore does not depend on energy and is 
not sensitive to uncouplers. As shown, energy is needed for moving 
ATP from a tight-site to loose-site in the net synthesis of ATP. Note 
the dehydration reaction is spontaneous with no energy input. 


evidence favours changes in the conformation at the 
three sites, from O to L, L to T and T to O, which will 
allow in concert binding of ADP 4- Pi, formation of ATP 
and release of ATP^"^. A cyclic conversion of 
O L T and then T —> O states occurs at each j3- 
subunit, and three states are always present in the three 
/?-subunits at any one time as shown in Figure 8. 

Thus, there is elegance of the binding change mecha¬ 
nism which though drives a flux through a rotating 
system, maintains an overall constant structure. The 
same process occurs in the reverse direction for ATP 
hydrolysis by Fi-ATPase. Translocation of atleast three 
protons is necessary for net formation of ATP mole- 
cule^^, and requires energy input which not only releases 
ATP from T-state but also modifies the other two states. 
Boyer^^ himself is aware of this and expressed thus (p. 
737): ‘The concomitant change of a second site with 
bound ADP and Pi to the tight conformation may... 
provide part of the driving force of ATP release. The 
balance of the energy input from the proton transloca¬ 
tion may be needed to change the conformation of the 
third site and to provide for modulation of the covalent 
bond-formation step.’ The question is how to assess how 
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Figure 8. Binding change mechanism for ATP synthase action. The 
upper section shows top, side and bottom views of the three pairs of 
a/3 subunits and the central ‘shaft’ of y-subunit, derived from the 
crustal structure of Walker*^. The bottom section shows each of 1, 2 
and 3 a/3 subunits undergoing open (O), loose (L) and tight (T) states 
in the cycle receiving energy (~) to convert ADP + Pj to ATP 
(Adapted from refs 32 and 34). 


much energy is used in each part ofL—>T—>0->L 
transitions. 


Three-dimensional structure of Fi-ATPase 

Bovine Fi-ATPase is the largest asymmetric structure 
solved by X-ray crystallography^^. This achievement by 
the group in Cambridge (UK) earned Walker a share in 
1997 Nobel Prize in Chemistry. The protein was 

crystallized from a solution containing Mg^"^, ADP and a 
non-hydrolysable ATP derivative AMPPNP. Like 
‘segments of an orange’ the major subunits, a and /3 are 
arranged alternately around a central shaft-like extended 
a-helical domains of C- and N-terminal portions of the 
y-subunit. The three «-subunits had all AMPPNP bound, 
an essential structural requirement albeit they do not 
participate in catalysis or exchanges. Of the /?-subunits, 
one was empty, another had ADP, and the third 
AMPPNP bound in the interior of the middle portion of 


the molecule as already mentioned. This supported the 
existence of three states of/5-subunits, as proposed from 
binding and catalysis studies, and the cyclical binding 
change mechanism^^. 

The y-subunit is unique in more than one sense. Its C- 
terminus (64 amino acids 209-272) and N-terminus (45 
amino acids, 1-45) form a-helices of about 90 A and 
60 A respectively. These are unusually long helices in 
proteins and apparently designed for their shaft-like 
function. About half of this subunit is not clearly seen in 
crystal structure, and appears to fill the central space 
within the ring of C-subunits in the base. This along 
with a fitting in a sleeve-like circular assembly of mid¬ 
dle portion of { 0 ,^) 3 , makes an ideal setting for its 
rotation. 

The asymmetry of the entire molecule arises out of 
interactions of the y-subunit by its positions in relation 
to /3-subunit at ‘catch’ interaction of a loop of polar 
amino acids of sequence DELSEED at the lower portion 
in /3-ADP and /3-ATP which moves away in a-E 
(empty), and this brings another loop between G-helix 
and 7-sheet in the middle portion of /8-E into ‘catch’ 
position with C-terminus of y-subunit (Figure 9). 

It is interesting to see that all the three a-subunits 
and the two /3-subunits that bind a nucleotide have 



Figure 9. Gross differences in structure of /3-subunit in /3-ATP and 
/3-E (empty) forms. In this stylized diagram adapted from ref. 17, the 
lines do not represent polypeptide chains but the boundaries within 
which the helices, sheets and coil of the polypeptide are located. The 
/3-subunit is divided into three sections: (i) the N-terminal )S-barrel 
with undetermined function; (ii) the domain just above the ATP- 
binding area, having the loop that makes a ‘catch’ with y-subunit 
shown by *; (iii) the G-terminus domain with ATP-binding site in /3- 
ATP indicated by a block, and having a second ‘catch’ loop at the 
bottom with the conserved sequence of DELSEED. This domain 
moves by about 30° from a hinge marked by broken circle at the 
right side between (ii) and (iii) in /3-E compared to /3-ATP, with 
consequent loss of structure for binding ATP and separation of 
DELSEED loop from y-subunit by 20 A. The broken lines starting 
from the hinge show positions of first D in DELSEED and C- 
terminus in /3-ATP and these move away from these positions by 
several degrees. 
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essentially similar superimposable structures. The ex¬ 
ception, however, is the j8-subunit that has the catalytic 
site empty (fi-E) in which the T-loop’ and its holding 
sheet and helix are displaced and along with this the 
whole domain consisting of nucleotide-binding site and 
DELSEED-catch loop moves by 20 A away from the y- 
subunit. The bottom-half of the protein appears to have 
flipped by 30° from a point on the surface, correspond¬ 
ing to j3-helix (159-178) that now gains an extra turn of 
helix and accompanying hydrogen bonds. This acts more 
like a hinge moving this domain upwards on losing the 
hydrogen bonding (Figure 9, encircled). Such a signifi¬ 
cant conformational change needs a guide. The 
‘noncatalytic’ CK-subunits, known to have sequence ho¬ 
mology to heat shock protein (hsp-60) family^^, may 
assist in this process. 

A great deal of information is awaited to understand 
how various parts of the protein work to achieve these 
changes. Could it be that breaks in hydrogen-bonds are 
propagated from the y-subunits helix though this catch 
and helix G to helix B that results in ‘hinge-like’ action? 

Rotational catalysis, a new concept in 
enzymology 

The presence of multiple subunits in ATP synthase 
brings out a new meaning in having three identical 
subunits participate cooperatively in catalysis in se¬ 


quence. Asymmetric interaction between y-subunits with 
each of the three j3-subunits alternately at the two catch 
sites, one above (DLTD) and one below (DELSEED) 
the nucleotide binding loop, confers a rotational action 
(Figure 9). Evidence for such a rotational change of y- 
subunit came from many experiments listed in Table 5. 
Electron microscopy pictures showed movement of cen¬ 
tral mass relative to the knob structure^^”^^. Crosslinking 
of /?-subunit with y-subunit'^^^"'^^ as well as e-subunit"^"^ 
inhibited the activity which could be reversed by remov¬ 
ing the crosslink. However, no inhibiting effect was 
observed if the crosslinking was between d-subunit and 
/J-subunit'^''’ or a-subunit"^^. 

By using an elegant method of introducing labelled /?- 
subunits"^^’"^^, y-subunit was shown to exchange partner 
of /3-subunit during catalytic turnover. The first attempt 
at actually seeing the rotation of y-subunit was made by 
attaching to it a fluorescent label and observing its po¬ 
larized absorption-relaxation after photobleaching'’^ In 
1997 Yoshida’s laboratory"^^ convincingly showed the 
actual rotation of y-subunit with attached fluorescent 
actin filament on adding ATP. This justified calling 
FoFi-ATPase a ‘splendid molecular machine’ by 
Boyer"^^, the smallest known molecular motor, and also a 
share for Boyer in 1997 Nobel Prize in Chemistry. 

The a3/33y-subcomplex had to be attached to the Fq 
portion for coupling to energy and proton translocation. 
Unlike Fi-subcomplex, composition of Fq varies with 


Table 5. Evidence for rotational catalysis in ATP synthesis 
Experimental studies Observations 


A. Electron microscopy 


I. EFi labelled with antibodies to a~ and e-subunits 

Central mass moved in response to Mg.ATP 

38 

2. CFi-similar study 

Movement of central mass 

39 

B. Cross-linking of subunits 

1. MFi/3-y 

Reversible inhibition 

4Q 

2. MFi P-y 

Inhibited, reversed by S-S reduction 

41 

3. EFi P-y 

Reversible inhibition 

42 

4. EFi P-y 

Inhibited, reversal by S-S reduction 

43 

5. EFr p-s 

Reversible inhibition 

44 

6. EF, p-d 

No effect, membrane attachment lost 

45 

7. EFi a-d 

No effect (part of stator) 

46 

C. Exchange of radiolabelled subunits 

I. Introduce radiolabelled/3-subunits along with f~y 
cross-linked subunits reduce, go through catalytic 

Position of y-subunit randomized relative to 
labelled /3-subunit 

41 

cycle (MFi) 

2. MFoFi ATP synthase, similar experiment 

Similar change in /3-siibunit blocked by DCCD indicating 
involvement of Fo-c-subunit 

47 

D. Modification of y-subunit 

1. CFi-subunit labelled with eosin-5-maleimide on a 
cysteine, polarized absorption relaxation after photo- 

Rotation of y-subunit relative to immobile /3- and 
cc-subunits 

48 

bleaching 

2. TFi-cta/Ssy attached to glass plate through ^-subunits 
and a fluorescent actin filament (about 2 pm long) 

Rotation of actin filament on adding ATP visualized under 
a microscope 

49 


attached through streptavidin to y-subunit 
(a classical experiment) 
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different sources (see Table 4). The common fixtures 
are one unit of a and multiple units (9-12) of c. One unit 
of b is present in several but not all. These subunits are 
transmembrane proteins and are embedded in the base. 
In the absence of crystal structure, models of 
Fo-subcomplex are based on electron microscopic pic¬ 
tures. Width seems to be same as the knob (about 
100 A). It is probably spherical, at least partially, with 
75 A diameter composed of multiple subunits of c (9- 
12) arranged as a wheel that is attached to a single a- 
subunit (see Figure 6). 

To fit the rotational catalysis, Vick'*'^ proposed a 
model with conserved, DCCD-sensitive Asp 61 residues 
on the outside of the wheel at the centre of the trans¬ 
membrane helix of c-subunits, with some of these 
hydrogen-bonded to His-245, Glu-219 and Arg-210 of 
a-subunit to form a ‘proton wire’**^^*'*’^. Such an arrange¬ 
ment places the charged residues in the middle of 
hydrophobic lipid bilayer. If these are inverted, these 
Asp-61 residues can form spokes inside the wheel, as in 
ion channels, which can be used to interact and hold in 
their centre the other half of y-subunit, not seen beyond 
the stalk portion in the crystal structure. The torque is 
generated by ‘energy input’ which gets transmitted via 
the stalk to the knob. An electrostatic mechanism for 
gating of proton transport through a channel formed in 
the interface of subunits a and c had been proposed'''^ 
Reversible protonation of Asp-61 on c-subunits forms 
the core of this gating and moving the rotor (eye) rela¬ 
tive to stator This model implies a rotor role 

for c-wheel put to revolving motion by protons slipping 
past the a-subunit. However, evidence is awaited to es¬ 
tablish this. 

The entire complex network of proteins undergoes a 
simple dehydration reaction by using the energy pre¬ 
sumably in the form of discharge of proton gradient. 
Conveniently, text-books show arrows for entering 
from the cytosolic side into the Fq and returning to the 
matrix through the stalk as though it is a channel, and 
then to the Fi where it exchanges energy and synthesizes 
ATP from ADP + Pj. But how are the events linked? 
With a mind-set benumbed to accept that proton gradi¬ 
ent is the form of energy, the proposals are intuitive 
attempts to fit the available structures with the expected 
travel of protons. To an extent, these satisfy the objec¬ 
tive, but are not sufficient to explain the overall process 
of energy transfer and chemical bond formation. It is 
noticed that all the changes occur within the polypep¬ 
tides of the protein complex, including those based in 
the lipid bilayer. Whither membranes? 

Role of membrane in energy transfer 

One of the least appreciated assets of membrane is its 
ability to mobilize protein complexes and not merely 
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anchor them. Membrane lipids have a high content of 
unsaturated fatty acids which confers low viscosity, 
thereby allowing diffusion of proteins and lipids. The 
relative proportion of lipid in niitochondrial inner mem¬ 
brane is strangely small, with a lipid : protein ratio of 
about 1:3. With such an obvious high protein density, 
most of it must be extending beyond the lipid bilayer. It 
is known that in some cases removal of bulk lipid by 
solvent extraction does not collapse the vesicle struc¬ 
ture. The large protein complexes and the mobile 
electron carriers, cytochrome c and ubiquinone, are dis¬ 
tributed randomly in the membranes. Gupte et 
found that these can move freely by lateral diffusion 
with frequencies of collision higher than their turnover 
numbers. 

The electron transfer complexes and ATP synthase do 
seem to have a direct ‘cross-talk’. This unique facility 
can be employed for transfer of energy without dissipa¬ 
tion throughout intermediate mobile ‘energy carrier 
proteins’. These can shuttle between ‘generators’ and 
‘utilizers’ in the overall energy transduction. Chargerins, 
which are proteolipids (8 and 13 kDa) isolated from 
mitochondria, have properties that fit this role'"’^. Then- 
binding to anisotropic inhibitor monoazide ethidium is 
enhanced 4-fold on oxidation-dependent membrane en¬ 
ergization, and their antibodies inhibit ATP synthesis. 
One of these is identified as the A6L protein'*’^ among 
the many subunits now found in Fq of mammalian mito¬ 
chondria. Is it that some of these, with unassigned 
function, act as such energy carriers and shuttle between 
redox complexes and ATP synthase, possibly associating 
with both? Do they carry back energy to redox carriers in 
the reverse from ATP? Mobility and interaction between 
the components will be far more efficient than if they are 
designed to do the same as soluble enzymes. Is this a vi¬ 
gnette of the wisdom of membrane architecture? 

Lest we forget water and hydrogen bond 

Water is the smallest and most abundant molecule in 
living cells. Water would not be in liquid form without 
its ordered hydrogen bond network, and with its large 
specific heat it is a veritable sink of heat. To vaporize 
one molecule of water requires breaking of four hydro¬ 
gen bonds and energy equivalent of 10 kcal. This 
process accounts for 20% of solar energy captured on 
earth. In the reverse the energy is lost into space and 
water comes down as rain and source of fresh water. 
Involved in this magnificent phenomenon is the basic 
process of energy exchange through reversible hydrogen 
bond formation. An unnoticed statement of Guttfreund*'’^ 
in 1972 is most appropriate in this context, ‘All biologi¬ 
cal processes are either directly or indirectly under the 
influence of some of the characteristic properties of 
water.’ More so the dictum Pauling*"’^ made in his cele- 
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brated book on The Nature of Chemical Bond, ‘It will be 
found that the significance of hydrogen bond for physi¬ 
ology is far greater than that of any other single 
structural feature.’ An emphatic prophecy. Can hydro¬ 
gen bond, a characteristic of water, perform such energy 
exchange in the secondary structure of proteins? Based 
on these thoughts a proposal is developed for linking 
hydrogen bond and energy exchange. Folding into cc- 
helix form is a natural tendency of a polypeptide, espe¬ 
cially in the hydrophobic environment. Having been 
placed in membrane the complexes I—V have a high per¬ 
centage of helical content. Even the (< 2:^)3 domain in 
ATP synthase projected into the cytosol has a large 
hydrogen-bonding structure with the peptide bonds and 
side-chains. The amazing C-terminus of y-subunit is 
probably the longest known a-helix. And this subunit is 
the key player in energy transfer. 

Based on water-steam analogy we proposed in 1974 
that a polypeptide has the potential for holding and 
transferring of energy (4-8 kcal in hydrophobic mem¬ 
brane) by reversibly breaking a pair of hydrogen bonds 
in a-helix^^. Thermalization of this energy is probably 
avoided in hydrophobic environment and membrane 
localization will thereby give an advantage. The process 
is visualized as follows: An energy carrier protein in the 
membrane acquires oxidation energy from an electron 


transfer complex by breaking a pair of its own hydrogen 
bonds, keeps mobile in the membrane until it reaches 
Fo-base and exchanges the energy in the same way^^. 
Illustrated in Figure 10, this provides an alternative ex¬ 
traordinary way of energy transfer that a membrane 
could do. One could see the underlying potential of the 
accompanying small conformation change. A set of such 
changes together become amplified into a large struc¬ 
tural change at the domain level. Walker^^ and Kagawa^^ 
described a disruption in the ^-sheet and formation of an 
additional turn in ^-helix close to the position of nu¬ 
cleotide-binding ‘P-loop’, when ATP is released. It will 
be interesting to see if a correlation of such changes and 
energy transfer exists. 

Magnesium - the water (O) diviner 

Synthesis of ATP superficially is a reversal of hydro¬ 
lysis and thereby a simple dehydration is shown in Fig¬ 
ure 7. The elements of water (H'*' 4- “OH) have to be 
removed from the hydroxyl groups of ADP and Pj. It is 
known for a long time from exchange studies'^^ that 
ADP retains its oxygen and Pi loses its oxygen to water. 
It is the inorganic phosphate that becomes activated by at¬ 
taching first to ‘handles’ as in GAPD and enolase reactions 



Figure 10. Alternative way of energy transfer using hydrogen bond exchange. A highly speculative proposal 
of linking energy of oxidation of NADH by complex I and ATP synthesis by complex V through a hypotheti¬ 
cal energy carrier protein (ECP). a. On oxidation of NADH by ubiquinone, energy is used to break hydrogen 
bonds in a segment of a-helix in complex 1. b. The mobile ECP in the membrane picks up the energy by 
breaking its own hydrogen bonds. The possibility of release and reuptake of in these steps is also indi¬ 
cated. c. The energy is passed on to subunits in Fo in the same way, which in turn is used to rotate the highly 
helical y-subunit. d. Coupled to this mechanical change, dehydration of ADP + Pi and ATP synthesis occurs 
(Adapted from refs 59 and 6). 
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and then forms an electrophile, accepted readily by 
ADP-0~. The energy requirement is ultimately for proc¬ 
essing the active P'*' form. 

The crucial step in ATP synthesis then is labilization 
of P-0 bond. Mitchell^^ even proposed that ‘energized’ 
protons (whatever they may be) can strip an oxygen 
from phosphate, an unlikely event. The role of Mg^"^ 
although recognized as absolutely essential had always 
remained an undercurrent of its obvious chelation. An 
extended basis of action of Mg^”^ was conjectured that 
the energy available on restoring a pair of hydrogen 
bonds in the protein will help Mg^’*' pull away the oxy¬ 
gen from P-0 and shed it as “OH in the medium^^. An 
equally vague scheme except for implication of Mg^'^ is 
oxygen extraction. There are indications that Mg^"^ helps 
in tightening structures of these energy transducing 
proteins. We surmised Mg^"^ may cause pulling of N-N 
into proper position with 0-0 of the adjacent hydrogen 
bonds in a-helix^'\ In some step, Mg^"*" becomes partially 
electron-deficient which it will make up by an electron 
shift from P-0 bond followed by break to give P"^ and 
Mg-OH (Figure 11). Cross^"^ elaborated on this and on 
Mg^"^ coordination with a- and /3-phosphate oxygens of 
ADP as well as carboxyl oxygens of aspartate or gluta¬ 
mate of the protein. Electron withdrawal by Mg^”^ from 
phosphate, possibly held by lysine, facilitates 0H“ 
elimination from P-OH which is then transferred to the 
negative-charged ADP-0“ to make ATP. 

An interesting common mechanism for all po¬ 
lymerases involving transfer of a-phosphorus of dNTP 
to 3'-0H of ribose was suggested by Tietz^"^, involving 
two divalent metal ions coordinated to two aspartate- 
carboxyls with a split of a-P-0 bond. Actions of Mg^"^ 
will include chelation to carry ADP in and ATP out of 
the protein, change separation on N- and 0-groups of 
protein and nucleotides, and as an intermediate in 



Figure 11. A role of Mg"'^ in labilization of phosphate-oxygen. The 
scheme proposes the essential role of Mg^"^ in extracting an ‘0’ from 
P-0, a. Coordination complex of Asp-Mg-0. Z>. Energy is used in 
Mg pulling an ‘O’ leaving a P”^. c. The P’^ is transferred to ADP-0“ 
to make ATP. d, Mg-OH discards "OH in medium to make water 
(Adapted from refs 15 and 34). 


oxygen transfer from P-0 to water. These actions of 
Mg^"^ (equivalent to a water diviner) to find a P-OH or 
C-OH and remove it as water may form the crux in the 
dehydration reactions in ATP synthase and enolase as 
both use Mg^"^ and aspartate, glutamate and lysine in the 
sites of action. 

Conclusion 

Over the last four decades, energized state of mem¬ 
branes and oxidative phosphorylation have been the 
subjects of much speculation and intense investigations. 
Some of the questions remain unanswered namely: what 
is membrane for, what is happening therein and what 
forms the basis of energy transduction. A recent review 
on rotary chemiosmotic machines by Khan^^ brought out 
interesting comparison of flagellar and FqFi-ATP syn¬ 
thase motor proteins. We may find some answers by 
visualizing a mechanical basis for bringing molecules 
together for bond formation. Should some of the pro¬ 
posals made be proved right, ‘hydrogen bond’ will once 
again prove to be the very foundation of life processes. 
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Diphasic composites of piezoelectric and polymer 
materials have outstanding properties from device 
application point of view. These materials offer a 
possibility of design and fabrication of the materials 
with definite properties for specific application. Hence 
these are called smart materials. In this paper we 
present an outline of this field of research. The mixture 
rules of dielectric properties of these composites with 
0-3 or 3-0 connectivity are presented. The modified 
equation takes into account the local field interactions. 
Impedance and electromechanical coupling coefficients 
of these composites with 2-2 connectivity for circular 
and rectangular geometry can be estimated. The 
piezoelectric constants of these materials exhibit 
Debye-type relaxations. Cole-Cole plots can be drawn. 
A stress field applied to this material can produce an 
overall piezoelectricity. Piezoelectric constant of these 
materials can be related to the elastic and dielectric 
properties of the component phases. 


Materials engineering in the past three decades appears 
to have entered a new era, the age of carefully patterned 
inhomogeneous solids designed to perform specific func- 
dons* Instead of single phase materials, many investi¬ 
gators now search for the best combination of materials 
and ways to process them. An electromechanical 
transducer requires a combination of properties such as 
large piezoelectric coefficient, low density and high 
mechanical flexibility. Large piezoelectric effects are 
found in poled piezoelectric ceramics, but ceramics are 
brittle and stiff, lacking the required flexibility, while 
polymers with the desired mechanical properties are at 
best very weak piezoelectrics. Thus for such an appli¬ 
cation, a composite material combining the desirable 
properties of two different phases might be vastly 
superior. The main problem is to effect the combination 
in such a manner as to exploit the desirable features 
of the components and hence maximize figure of merit. 

During the past few years, materials scientists have 
been experimenting with the composites of piezoelectric 
polymer composite materials, hoping to improve on 
some of the properties of the homogeneous materials^"^ 
There is capability of tailoring material properties, such 
as acoustic impedance and piezoelectric response. These 
materials have been successfully used as advanced 
transducers^ including medical imaging transducers and 
under-water transducers^. There is a possibility of using 
these materials as transducers involving applications such 
as automatic vehicle guidance, manufacturing assembly, 
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nondestructive testing and vibration control^ In this 
paper we present dielectric and piezoelectric properties 
of polymer piezoelectric composite materials. Here we 
present an outline of this developing and interesting 
field. We also recapitulate the work done by our group. 

Design of composite materials 

Basic steps involved in the fabrication of tailor-made 
piezoelectric polymer composites are shown in Figure 
1. Component phases with the right properties are selected 
and coupled in the best possible way to yield optimum 
results. Porosity, density, grain size and required poling 
procedures decide the properties of the individual phases. 
Proper processing technology should be adopted to 
establish the desired connectivity of one phase with the 
other phase. Connectivity is important because it controls 
the electrical flux pattern and mechanical properties of 





Figure 1. Flow chart of polymer piezo-electric composites. 


Properties 

and 

symmetry 


Properties 

and 

symmetry 


Evaluation of 

processed 

phase 


Evaluation of 

processed 

phase 


967 

























REVEW ARTICLES 


individual phases, and of composite, are related to 
their properties through tensor coefficients and hence 
symmetry considerations are of importance. 

Each phase in a composite may be self-connected in 
zero, one, two or three dimensions. In biphasic com¬ 
posites, there can be ten different connectivities as shown 
in Figure 2. A 2-1 connectivity pattern has phase 1 
connected in two directions and phase 2 is connected 
in one direction. There are two variations in this con¬ 
nectivity. The chains of phase 2 can be either parallel 
or perpendicular to the planes of phase 1. If the number 
of component phases in a composite is increased, then 
the number of ways in which different component phases 
can be connected increases. For a n phase composite 
this number is (n + 3)!/3!n!. Hence there can be 20 
three-phase composites and so on. Different experimental 
methods have been used to make biphasic ceramic 
composites of different connectivity patterns. Extrusion, 



Figure 2. All the possible connectivities of a biphasic composite 
(after ref. 59). 


Table 1. PbTiOj-copolymer composite characteristics with 3-0 
connectivity^^ 


PbTi 03 vol. fraction 

0 

O.I 

0.2 

0.3 

0.4 

1.0 

Dielectric constant 

19 

25.0 

34.6 

45.0 

53.5 

200.0 

^^33 (PC/N) 

25 

23.0 

24.0 

25.0 

28.0 

39.0 

^33 (V-nVN) 

0.15 

0.1 

0.08 

0.06 

0.06 

0.02 


tape-casting and replemine processes have been success¬ 
fully used for the preparation of composites*"’”. 

Composite materials may show sum or product prop¬ 
erties”. Sum properties are those in which X-Y effect 
of the composite is determined by the X-Y effects of 
the phases 1 and 2. For example, dielectric and elastic 
properties of the composite are sum properties. Dielectric 
properties of the composite is approximately given by: 

+ 62 ( 1 - 0 ), where are dielectric constants of 

the two phases and O is the volume fraction of the 
phase 1. 

Product properties are less frequently encountered and 
are more complicated. An X-Y effect in the composite 
results from an X-Z effect in phase 1 and Z-Y effect 
in the phase 2. Magnetoelectric composites are an 
example of this type. The piezoelectric and piezomagnetic 
biphasic composites, when electrically and magnetically 
poled, show magnetoelectric effect. In strong magnetic 
fields, piezomagnetic grains of the composite get de¬ 
formed and this causes strain in the piezoelectric grains, 
leading to the development of the electric fields'”. 


Magnetoelectric effect = 


f Magnetic ^ 

I^MechanicaA 

Mechanical 

V J 

, Electrical 

V ) 


f Electrical ^ 

I^MechanicaA 

Mechanical 

V J 

Magnetic 

V J 


These are ME^ and ME^ effects respectively. In this 
paper we present some of the results of the dielectric, 
elastic and piezoelectric properties of piezoelectric poly¬ 
mer bipahsic composites of different connectivities. 

Several piezoelectric polymer composites have been 
fabricated to improve their piezoelectric properties. In 
all these composites dielectric constant of piezoelectric 
phase is lowered by the introduction of polymer phase 
and in all cases the hydrostatic piezoelectric coefficient 
is enhanced. The hydrostatic piezoelectric voltage 
coefficient and the product used as figure of merit 
are considerably enhanced 

Klicker et a/.'^ have fabricated 1-3 composites of 
PZT rods embedded in an epoxy resin matrix. These 
composites have better piezoelectric properties than solid 
PZT. The hydrostatic coefficients and are a function 
of the dimension of PZT rods and thickness of the 
composite. The difference in the elastic compliance of 


Table 2. Piezoelectric-copolymer composite characteristics’^ 


Piezoelectric 

Polymer 

Connectivity 

^33 

d. 



PZT 

Nil 

Nil 

1600 

50.0 

4.0 

200 

PZT 

Silicone rubber 

0-3 

100 

28.3 

32.0 

900 

PZT 

Epoxy 

1-3 

200 

77.6 

40.4 

3138 

PZT 

Polyurethane 

1-3 

83 

176.2 

239.0 

42100 

PZT 

Epoxy 

3-2 

290 

329.0 

128.0 

42000 
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PZT and epoxy resin has a favourable influence on the 
piezoelectric properties by altering the stress pattern 
inside the composites, 

Rittenmayer et have fabricated 3-3 composites 
of PZT rods and PMMA composite with PZT powder 
in an organic binder and firing the mixture to give a 
ceramic skeleton. After cooling, these ceramics were 
back filled with polymer. These ceramics have better 
piezoelectric and mechanical properties compared to 1-3 
composites of PZT rods and epoxy. 

Robert Ting‘d studied the hydroacoustic behaviour of 
piezoelectric composites of 0—3 and 1-3 connectivity to 
demonstrate potential of these materials for underwater 
acoustic applications. Based on the multiple scattering 
theoryand effective medium theory, Ce-Wen Nan^^^ 
proposed to treat coupled electromechanical behaviour 
in composite media. The explicit relations for deter¬ 
mining effective behaviour of piezoelectric composites 
are derived. Models for 1-3 tubular composite for 
smart transducer applications are worked out by Zhang 
et 

Tables 1-4 present the characteristics of various 
piezoelectric polymer composites available in the 
literature^^'^^ 

Dielectric properties 

When a minor phase is mixed in a major phase the 
resultant dielectric constant of the mixture as a function 
of volume fraction, dielectric constants and geometry 
has been the subject of study of many workers^^"^^. 
Rayleigh^^ and MaxwelP^ used the approach suggested 
by Clausius and Mosetti and considered a dilute dis¬ 
persion of isotropic spheres in an isotropic continuum. 


Effective medium approximation, also known as self- 
consistent approximation, was developed by Bruggeman^^ 
and Landauer^^. All these theories predict reasonably 
accurate results for dilute concentrations below 0.2 vol¬ 
ume fraction of one of the phases. For higher volume 
fractions, almost all these equations do not agree with 
the experimental results. 

Yomezawa and Cohen^^ gave exact relations for di¬ 
electric constants of composite for very dilute concen¬ 
trations of dispersion of particles in a continuous matrix. 
A small volume fraction (O) of spherical particles of 
dielectric constant {e^ is dispersed in continuous matrix 
of dielectric constant (s^). Solving the Laplace equation 
for the scalar potential in and around the dispersed 
spheres and applying the principle of continuity, the 
expression for the dielectric constant (^) is obtained as: 


g -1 
B 



fiZi 


( 1 ) 


Here i is the number of phases present in the composite, 
^ is a constant which depends on the geometry of the 
dispersed particles and O. is volume fraction of the ith 
phase, and s is the dielectric constant of the composite. 

For spheres embedded in a medium of dielectric 
constant form factor is equal to For biphasic 
solid containing spheroidal minor phase, it has been 
shown by Rayleigh^’ that 


2gj^+g^-20(g^-g^) 

2gi H-g2 + 0(gi-g^) ^ 


where O is the volume fraction of the second phase. 


Table 3. Characteristics of PLZT 5H-PVDF composites^^ 



PLZT 5H 

PVDF 

1-3 Rod 

composite (20%) 

1-3 Tubular 
composite (20%) 

Density (kg/m^) 

7500 

1800 

2800 

2300 

Permitivity 

1800 

10 

780 

290000 

Loss tangent 

2 

5 

3 

3 

t/33 (PC/N) 

593 

-30 

480 

>6000 

d,, (PC/N) 

45 

9 

>100 

>5000 

(10‘^mVN) 

150 

830 

>2000 

>6000 


Table 4. Characteristics of PZT-silicone rubber composites’'^ 


Porosity 


Fill with 


0.53 


0.61 


0.64 


0.68 

Air 

Si rubber 

Air 

Si rubber 

Air 

Si rubber 

Air 

Si rubber 

b/Bq 

440.00 

440.00 

250.00 

260.00 

210.00 

220.00 

180.00 

200.00 

tan 5 

0,026 

0.026 

0.024 

0.024 

0.026 

0.025 

0.026 

0.026 

K 

0.16 

0.17 

0.14 

0.15 

- 

0.12 

1.0 

0.12 

c 

0.57 

0.57 

0.57 

0.56 

0.40 

0.51 

0,49 

0.50 
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Series and parallel models are well-known and are 
described respectively by the following equations'^ 

+ (3a) 


Kerner^’ developed a formula for dielectric constant 
of composite in terms of ratio of average electric fields 
jE'j and at the materials of phase I and II along the 
direction of applied field and it is 


Differential effective medium approximation (DEMA) 
theory is also known as self-consistent approximation, 
coherent potential approximation and Burggerman’s 
theory^^’^®‘^^’^^ DEMA assumes a medium having per- 
mitivity as a host, in which, grains of phase I 
and phase II (s^) are embedded, so that they are well- 
separated and occupy small volume fraction of the 
medium. In the next step, grains of larger size than the 
previous grains of phases I and II are embedded. The 
process is repeated such that at each step, the new grain 
sizes are larger than the previous ones and the relative 
volume fractions of both the phases are adhered to. A 
limiting process is defined such that the relative sizes 
become infinite while the number of steps also becomes 
infinity. The resultant material has effective properties 
defined by DEMA^^. The above process can be thought 
of as one of the continuous homogenization. At each 
step, we are replacing an infinitesimal amount of host 
material by the same amount of materials of phases I 
and 11. The new material is then homogenized and the 
process is repeated until the whole material is replaced. 
Thus the properties of host material are irrelevant. The 
DEMA then predicts s to satisfy the following equation 


S = -;-. (7) 

The average electric fields E^ and around phase I 
and 11 (refs 37, 38) are 


E^ - and ^2 ” ^ • (8) 

Paletto et al. modified the equation for electric field 
as 


^- E.. 


Substituting eq. (9) in eq. (7), the composite dielectric 
constant can be computed as 


[1+(1-<[))(A-I)f 

+ (1-0) ^ 
[(1-0)+ 05]' 


where 


(1-0) (£-£,) ^ 0(a-£,) 

(]-L,)£+L,^, (1-L,)£+L,£, 


where the coefficients L, are the depolarization factors 
with L, + Lj + Lj = 1 (ref. 35). 

For spherical particles L^ = L^-=L^ =1/3 and hence 
the above equation simplifies to'' 


( 0 - 1 ) 


2£ + e, 


This is same as the equation given by Landauer'®. 

In the differential effective medium theory, infinitesi¬ 
mal grain of material of phase II is added to the material 
of phase 1. The mixture is homogenized and the process 
is repeated until required volume fraction of phase II 
is added to the phase 1. The general solution obtained 
by Bruggerman^^ for spheres of phase II is given below 


(!-<&) = 


+ 2^2 


and B = - 


2 ^ 1+^2 


It can be shown that the theoretical and experimental 
values of dielectric constant calculated using the above 
equations agree well for dilute concentrations. For larger 
concentrations theoretical values are either large or small. 

In the composite of piezoelectric spheres dispersed in 
a continuous medium, where sphere gets polarized by 
the applied electric field and can be represented as a 
dipole, the dipole moment of this dipole locally modifies 
the applied field in the surrounding medium. When only 
a small volume fraction of spheres is present, the 
influence of this dipole field on the neighbouring spheres 
is negligible. However, at larger volume fractions it is 
no longer valid to neglect the interactive effects of 
dipoles. Since the models mentioned above do not 
consider the interactive effects, there is a disagreement 
between the experimental and theoretical values, par¬ 
ticularly at large volume fractions. An expression is 
developed for dielectric constant of 3-0 (or 0-3) biphasic 
composite by taking into account these interactive effects 
of dipoles. 

For a composite system, spheres of dielectric constant 


CURRENT SCIENCE, VOL. 74, NO. 11, 10 JUNE 1998 





REVffiW ARTICLES 


(say piezoelectric, phase II) distributed in a continuum 
of Sj (say polymer, phase I), each sphere of phase n 
of radius acts, as a dipole of moment m. When an 
external field is applied, the field inside each sphere 
is given by (the field inside the isolated sphere). 

Each sphere then acts as a dipole of moment m positioned 
at the centre of the sphere. The polarization P in the 
sphere by definition^^ 


^ •” (^2 ^2z 2 ^ + s ’ 


and the dipole moment m is 


m = ^ a'P = — - - E, , 

3 ^ 2 s,+8^ ” 


where a is the radius of the sphere. 

The apparent surface charge distribution on the sphere 


here represents modified polarization. 
From eq. (8) since 

3^, 




and from eq. (11), we have 


S — 8 

a = 3s. <I> - - - -- - Ef. cos 0 , 




£2 + 


Solution of Laplace equation can be found for the scalar 
potential inside and outside the spherical inclu¬ 
sions in terms of Legendre polynomials^*. Using the 
following boundary conditions the constants Ap Bp and 
Cj can be evaluated 

Kut ^av ^av ^ 0 as r tcnds to infinity. 


a = -—7 cos 0 = P cos 0 . 
47ta^ 


Each sphere then interacts with outside dipoles'^^. If the 
system is assumed to be a distribution of dipoles, the 
average electric field {E^ due to each dipole is given 
by multipole expansion as 


(E)=h!Ky- 


where V is the volume. R is the radius of an arbitrary 
sphere of phase I surrounding the dipoles of piezoelectric 
phase 11. If there are n identical dipoles in the sphere 
of radius R (which contains a dielectric) of dielectric 
constant the electric field is E^^ (ref. 40) 


V. =y at r: 

m ’^out 




+ <7 at r = 


V is finite at r = 0. 

These boundary conditions are the same as those for 
an isolated sphere except for the apparent charge density 
a^. Using these boundary conditions, solving for internal 
potential and electric field E .^^, the internal electric field 
at the piezoelectric spheres can be obtained as 


■^internal "^local "^int 


4U8,R^ 4U8,a^' 

where n is the number of dipoles in the volume 
(4yr/3) R^ and (n/R^) = (O/a^), here <I> is volume fraction 
of phase II and a is the average radius of the phase 
II spheres. 

Due to the interaction between dipoles, the effective 
dipole moment is increased by (refs 41, 42), 

The increase in the dipole moment is 

= 1). (16) 


3^. 8 ^ “ 6 . 

-^ 1+33) 

$2 + 2ej Cj + 2 £j 


Substituting eq. (20) in eq. (7), we get the following 


equation'^^ 


8,(1 - g)) + [3g/(g, + 2s,)] [1 + 30 (a, ^ 8,)/(g, + Is,)] 

(1 ^ $) + 0(3S,)/(S, + 26,) [1 + 30 (6, - £,)/(6, + 26,)] 

( 21 ) 


From the expression for apparent surface charge density 
in terms of modified dipole moment can be written 
following the eq. (16) as 

cos6l, (17) 


This is the modified equation for the dielectric constant 
of a composite with the interactive effects taken into 
consideration. In Figure 3 experimental values"^^"^^ for 
PVDF-PLZT composites are compared with those in 
the present model along with those of Kerner^^. This 
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figure shows that theoretical values computed from the 
present model are in good agreement with experimental 
values even up to 70% of piezoelectric phase in the 
composite"^ ^ 


1 


1 


cos (a cos (a 


Electromechanical properties 

Models have been developed for electromechanical char¬ 
acteristics of piezoelectric polymer composite materials 
with 2-2 connectivity. The constitutive equations of 
these composites are complicated and their analytical 
solution is difficult. Earlier models assumed either stress 
or strain components to be constant. Among earlier 
models, the Vogit’s model assumes constant strain 
whereas Reuss’s model assumes constant stress"^^. More 
refined models are series parallel model'^^, Cubes model"^^ 
and Unsworth method"^^. 

In our model the assumptions are: (i) the samples 
have complete stress-free boundary conditions at the 
polymer piezoelectric interfaces, (ii) the materials are 
lossless, (iii) the coordinate axis are pure mode propa¬ 
gation directions, (iv) the electric potential and the 
displacements are assumed to be independent degrees 
of freedom, (v) the coordinates are pure mode propagation 
directions, (vi) piezoelectric polymer composite material 
has extended faces normal to the X.^ direction and poled 
along this direction. 

With these assumptions the equation for electrical 
impedance of a 2-2 composite was developed and for 
cylindrical geometry the electric impedance is given by^^’ 


1 ^ 

f 

1- 



{h^ 1 ^33 ^ 33 ^ 13 ) 

\ 

y 

^33+^33* 


7^0*23 C J Cl) 


k 

- 


L ^ 

/ 




^ 2 ^13 




ft33(c;,+c;,) 
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1 — Z 
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(23) 

In Figure 4 we present a plot of Z as a function of 
frequency for rectangular geometry. We find resonance 
and anti-resonance peaks at a fundamental frequency 
and a number of overtones. We show only two of them 
in this figure. From these resonance peaks electrome¬ 
chanical coupling coefficients can be obtained from the 
following equations^^ 

4 

1-4 

(i-</)y, ($(i+y))-o(n-^)y„(a>(i+^)) 

(24) 

where A/= resonant frequency,/= band width, o^ = Pois¬ 
son’s ratio. 
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and for rectangular geometry^' 
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Figure 3. Comparison of experimental and theoretical values of 
dielectric constants for PLZT-PVDF composite. Experimental values 
are after ref. 44. 
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Planar coupling coefficient is‘^ 



(25) 


Here and are anti resonance and resonance frequen¬ 
cies. 


= 0.5(1 

(26) 

J ^ h (pT aE\l/2 
^31 '^31 

(27) 


Piezoelectric properties of composites 

The basic reason for observation of piezoelectric effect 
in polymer piezoelectric composites (PPE) is due to 
their heterogeneity. PPE composites often show piezo¬ 
electric relaxations in addition to dielectric and elastic 
relaxations. These composites can be fabricated with 



Figure 4. Impedance variation with frequency for a polymer piezo¬ 
electric composite. 

CURRENT SCIENCE, VOL. 74, NO. 11, 10 JUNE 1998 


different connectivities and the relaxation observed 
depends on the type of connectivity. In this paper we 
discuss the piezoelectric relaxation of 0-3 and 2-2 
composites. Since the piezoelectricity is a result of 
variation of electric polarization with strain, study of 
dielectric and elastic properties can lead to the under¬ 
standing of piezoelectricity^^. 

The relaxation behaviour manifests itself in the fre¬ 
quency and temperature dependence of the property. 
Dielectric relaxations can be studied even up to optical 
frequencies. Hence dielectric relaxations due to dipoles, 
molecules and electrons can be studied. But since fre¬ 
quency of the sound waves is much smaller, only 
relaxations due to molecular motions are observable in 
piezoelectric relaxations. Since the piezoelectric proper¬ 
ties respond and relax under the alternating strain fields 
they, like dielectric and elastic properties, can be 
represented as 

= e'(w) + ie"(w) 
and 

d^=d'(w)-^ie"(w\ (28) 

where and (i* are piezoelectric stress and strain 
constants. These are defined ^s follows 


fD) 


fr^ 

; d = 


S 

J 

E 


; 

S 

( 7 


(29) 


where e* and d* describe the dynamic response of 
piezoelectric properties of the composite, d' and e' are 
real parts and d" and e" are imaginary parts of these 
properties. The piezoelectric dispersion can be charac¬ 
terized with the typical Debye type behaviour which is 
characterized by^^ 


d' = d 4- 


d -d 

S “ 

1 + 


(d^-dJcoT 
1 + ((orf 


(30) 


tand = —, 
a 

if orr = 1 then 2(tan (5)^^^ = A d/d^ 


(31) 

(32) 


Here d^ and d are static and high frequency piezoelectric 
constants and r is relaxation time. 

Variation of imaginary part of piezoelectric constant 
with real part d' would be a semicircle^^ These are 
Cole-Cole diagrams. Temperature increase at a fixed 
frequency has the same effect equivalent to frequency 
increase at a fixed temperature. Hence the temperature 
variation of d at fixed frequency is used to draw the 
Figure 5. The relaxational behaviour in the piezoelectric 
polymer composites may be due to (i) relaxation of 
piezoelectric phase and/or (ii) relaxation of non-piezo- 
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electric phase. As a consequence, the whole system 
exhibits the relaxation. 

As discussed in the earlier sections the dielectric 
constants of composite materials can be calculated using 
various models. If both phases in the composite are 
incompressible then the elastic constant of the composite 
is given by^ 

C = —^- -C,, (33) 

3Ci+2C2 + 2^(q-C2) ^ 

Here Cj and are elastic constants of the individual 
phases and is the volume fraction of phase IL 

Many theoretical investigations on binary systems like 
polymer piezoelectric composites have been performed 
in regard to piezoelectric constants'^’^^’^^*'^^’^^. Most of 
them assumed characteristics of continuous medium 
and/or that the volume fraction of one of the phases is 
small. Recently one line of theoretical study of piezo¬ 
electric composites is focused on the development of 
micromechanics models. Schulgasser^^ and Benveniste 
and Dvorak^^ have extended these models for 1-3 com¬ 
posites. Dunn and Taya^^ have generalized this model 
to 0-3 and 1-3 composites. All these models are valid 
for smaller volume fractions and without considering 
the interaction between the particles of different phases. 
Nan^^ has, however, proposed a model using multiple 
scattering theory and effective medium theory, which 
agrees well with experimental results up to 0.5 volume 
fraction. In the following we present essence of the 
model we have reported for calculation of piezoelectric 
constants'^ ^ 

Average electric displacements in the composite and 
the phase I and phase II, when an electric field E is 
applied, are given by 

D = D^^ + sE, 

Z)] = Dyj + £^E^ . 

D, = D,, + e,E,. (34) 

Here and are the displacements at zero 

applied electric field. E, and E^ are the electric fields 
at composite, phase I and phase 11 respectively. To a 
good approximation we can also write, 


D = i\-^)D^ + OD^, 

(35) 

£ = (l-4>)£j + 3>£:. 

(36) 


If = = 

fiE = (1 - 0)€,E^ + . (37) 

In an analogous way, for elastic fields we can write 
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Figure 5. Cole-Cole plot of PZT-epoxy resin poled at lOOkV/cm 
(data after ref. 44). 

relations for stress (T), strain (S) and compliance (C). 
Here suffixes 1 and 2 refer to phases I and II respectively: 

r=7o + c, 

~ ^01 ^2 “ ^02 ^ 2*^2 > 
and 

5=(l-a>)5'j + <D52. (38) 

When inclusions in the composite are piezoelectric, we 
observe piezoelectricity as gross property of the com¬ 
posite. In order to relate gross property to that of the 
inclusions, the following assumptions are made'^^ (i) 
The piezoelectric constants of the inclusions are one¬ 
dimensional and relate the dielectric variables alone on 
polar axis and elastic variables perpendicular to the 
polar direction, (ii) The inclusions are spherical and 
their dielectric and elastic properties are isotropic and 
incompressible, (iii) The dielectric constants of constitu¬ 
ents are independent of mechanical states and vice versa. 

The piezoelectric direct effect coefficient e is a result 
of the following three effects: (i) Strain S applied to a 
composite produces strain in the piezoelectric inclu¬ 
sions. (ii) The strain 5*2 gives rise to displacement 
to these inclusions, (iii) This is observed as an 
increase of macroscopic electric displacement D^. 


Therefore the piezoelectric constant e can be written 
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Figure 6. Comparison of experimental and theoretical values of 
piezoelectric d constant for PZT-PVDF composite. Experimental values 
are after Furukawa et al. (ref 44). 


From the eqs (35) and (36) we have 


El- 

£“ [<l>J(e,-a,)- 


(40) 


If the displacement is completely due to piezoelectric 
phase only, then only exists, so that £ = £, = £ 2 ' 
and we can show 


r>o (gj-g) 

A)2 


(41) 


Considering the analogous equations, we can have for 
elastic constants, 


5 «]> (C,-C 2 )‘ 


(42) 


Finally the piezoelectric constant of composite using the 
eqs (41) and (42) in the eq. (39) can be written as 


^ O Cj - C2 



(43) 


In the above equation by using the equations for com¬ 
posite’s dielectric constant £ and elastic constant C, the 
piezoelectric constant of the composite can be calculated. 

The equations for other piezoelectric constants d, g 
and h can also be obtained from the following relations 

d = e/C\ h = 47te/e\ g = 4jte/C£, (44) 

Figures 6 and 7 present the variation of piezoelectric 
constants as a function of volume fraction. These con¬ 
stants are calculated by substituting Rayleigh’s eq. (2) 
and eq. (22) for dielectric constant of composite for 
PZT-PVDF composite. The experimental data are taken 


Figure 7. Comparison of experimental and theoretical values of 
piezoelectric g constant for PZT-PVDF composite (ref, 44). 

from ref. 44. It can be seen that the piezoelectric d 
coefficients calculated using eq. (25) for composite’s 
dielectric constant in eq. (42) agree well with the 
experimental values. 

Conclusions 

In summary, the mixture rules of dielectric properties 
of these composites with 0-3 or 3-0 connectivity are 
modified taking into account the local field interactions. 
Theoretical values of dielectric constants of 3-0 and 
0-3 polymer piezoelectric composites calculated using 
the present model are in good agreement with the 
experimental values even up to 70% of piezoelectric 
phase in the composite. A model for estimation of 
impedance and electromechanical coupling coefficients 
of these composites with 2-2 connectivity for circular 
and rectangular geometry is presented. The piezoelectric 
constants of these materials exhibit Debye-type relaxa¬ 
tions. Cole-Cole plots using real and imaginary com¬ 
ponents of piezoelectric constants have been drawn. A 
stress field applied J;o the piezoelectric polymer composite 
material can produce an overall piezoelectricity. Piezo¬ 
electric constant of these materials is related to the 
elastic and dielectric properties of the component phases. 
Using the modified equations piezoeletric properties of 
the composite are estimated. 
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Spatial distribution of calcium carbonate concentration 
in sixteen core top sediments indicates an increasing 
trend towards the deep-sea, and suggests that the 
carbonate concentration in the western Bay of Bengal 
is mainly controlled by terrigenous dilution. The 
temporal distribution, in general, shows a higher 
concentration of biogenic calcium carbonate in the 
middle segment of the cores (between 80 and 150 cm) 
compared to upper and lower half segments. The 
gradual enrichment of in-situ biogenic carbonate at 
this level is probably due to a reduced terrigenous 
supply by the Ganga-Brahmaputra river system owing 
either to a weak SW monsoon or tectonic trapping of 
sediments in the subsiding Indo-Gangetic Foredeep 
during the Last Glacial Period in late Pleistocene. 
However, towards the Godavari river mouth (E-W 
traverse) as the calcium carbonate concentration 
demonstrates no variation in temporal distribution, 
this indicates a higher Godavari river influx probably 
related to a strong NE monsoon during the glacial 
period. The presence of low-carbonate content in the 
upper part of the cores is attributed to an increased 
terrigenous supply in the post-glacial period. The 
temporal distribution also shows three abrupt increases 
in calcium carbonate concentration related to trans¬ 
ported nature of biogenic and chemogenic (ooids) 
materials from the shelf regime under turbidity 
current/gravity flow activity. 


A study of sediments from 16 gravity core samples, 
60 cm to 289 cm long, collected from the continental 
slope off Vishakhapatnam to deep sea Bay of Bengal, 
shows that these sediments comprise the following 
depositional facies': (i) Pelagic and hemipelagic 
clay-with low (5-10%), and high (10-30%) carbonate 
concentration; (ii) Turbidite/gravity flow deposit-with 
low (normally <5%) carbonate concentration (siliceous 
turbidites) and higli (50-75%) carbonate concentration 
(calcareous turbidites). The turbidite units were identified 
by visual inspection of core, sedimentary structures and 
grading, characteristic pattern in grain size and compo¬ 
sition^”^. These turbidites show a regular decrease in 
model grain size, and grain size distribution shows large 
modes of coarse and medium silt. In contrast, hemipelagic 
sediments show no regular grading, and grain size 
distribution shows large modes in fine silt and clay 
grade. Further, these turbidites are either siliceous or 
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calcareous. The siliceous turbidites are characterized by 
abundant terrigenous materials (quartz, mica, feldspar, 
heavy minerals, etc.) and are devoid of presence of any 
fauna. In contrast, the calcareous turbidites consist of 
abundant calcareous bioclastic materials, particularly 
shallow-water benthic foraminifera, planktonic foramini- 
fera, shell fragments, bivalves, pteropods and gastropods, 
followed by detrital minerals (quartz, feldspar, etc.) and/ 
or calcareous chemogenic material (ooids). The pelagic/ 
hemipelagic clay consists of detrital minerals and bio¬ 
genic materials (calcareous and siliceous) and constitutes 
the major facies assemblage. While the pelagic clays 
are generally present above core depths of 90 cm, the 
hemipelagic clays occur below core depths of 90 cm. 

The cores were collected in the western part of the 
Bay (14° to 21°N lat. and 83° to 90°E long.), from 
water depths of 448 to 3066 m, the northern limit falling 
within the Swatch of no-ground submarine canyon 
(SNGSC) and the western limit in the continental slope 
off Vishakhapatnam. Cores were obtained from SNGSC, 
upper, middle and lower Bengal Fan^ and also from the 
continental .rise and slope off Vishakhapatnam Coast 
(see Figure 1 for sample location). All the cores were 
correlated by volume-specific magnetic susceptibility pat¬ 
tern matching (details will be published elsewhere), and 
the prominent peaks (PI, and P2) and troughs (T1 and 
T2) are shown in Figures 2-6. 

The Bay of Bengal receives heavy terrigenous load, 
mainly siliceous material, from the major rivers draining 
the Himalayan ranges and the peninsular shield of India^’^. 
In the face of this heavy terrigenous input, the cores 
show three levels of rise in calcium carbonate concen¬ 
tration: (i) upper part (27-50 cm), an abrupt rise, seen 
only in one core (SM 43/15) off Vishakhapatnam coast; 
(ii) middle part (80-150 cm), mostly a gradual rise, 
superimposed by an abrupt rise in one case (core no. 
SM 43/17), and (iii) lower part (170 cm and more), 
where the rise seems to be gradual, superimposed by 
sharp rise in two cores (core nos. SM 43/94, 43/42) 
also close to the coast. It may be noted that the middle 
segment which shows a gradual rise in calcium carbonate 
percentage is not present in all the cores, indicating 
spatial variation in carbonate distribution. The peculi¬ 
arities in the distribution of carbonate concentration in 
marine set lip can be due to several factors namely, (i) 
biogenic productivity, (ii) displacement of carbonate 


977 






RESEARCH ARTICLE 



Figure 1. Location map showing core position and cruise no. (e.g. 
SM 43). The paleochannels are represented by dotted lines from north 
to south. 


elastics by gravity flow, (iii) dissolution, and (iv) dilution 
by terrigenous material. This study on the Bay of Bengal 
cores with respect to their geomorphic environment 
throws light on the interaction between different factors 
that have controlled carbonate distribution. 

Core analytical data 

The megascopic studies revealed that the surface sedi¬ 
ments from deeper parts are dark yellowish brown (10 
YR 4/2) clays whereas sub-surface sediments are light 
olive grey (5 Y 6/1; 5 Y 5/2) and olive grey clays 
(5 Y 4/1; 5 Y 3/2) and mud. Occasional influx of 
greyish-white-coloured sand, either calcareous or sili¬ 
ceous, was also observed. Sub-samples were collected 
from all the cores and the sampling interval was main¬ 
tained at, more or less, equal distance of 20 cm and 
close sampling was done wherever it was felt necessary 
to represent all lithologies. Each sub-sample represented 
4 cm thick sedimentary zone. 

Textural study of the core samples indicates that the 
upper part of most of the cores comprises clay grade 
sediments while silty clay sediments occur in the lower 
part along with coarser fraction (Figures 2-6). The 
coarse fraction (> 63 pm) in the cores is composed 
mainly of in situ biogenic material. In some cases 
transported biogenic and chemogenic (ooid) material and 


D T CORE NO. SM 22/11 

^ v fwater deoth 742 



200 -^ -1-_I_L_ 

E E CORE NO. SIVI43/1QQ 




LEGEND 



CLAY 

SILTY CLAY 
CLAYEY SILT 
SANDY SILT 
SILTY SAND 
CLAYEY SAND 


Figure 2. The temporal distribution of coarse fraction, calcium carbonate and lo.s.s on ignition in 
sediment cores from SNGSC (core nos. SM 22/11 and SM 22/9) and continental slope off 
Vishakhapatnam (SM 43/100), Correlation points (P - peak; T-trough) are marked by pattern 
matching of volume specific magnetic susceptibility. 
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terrigenous grains also constitute the coarse fraction. In (a) Swatch of no ground submarine canyon (SNGSC). 

majority of the cases there is a sympathetic relation Core nos. SM 22/11, 22/9, there is no significant variation 

between coarse fraction and carbonate concentration. in CaCO^ concentration from top to bottom of cores. 

Loss on ignition (LOI) was investigated on each sample Average value is low {^1%) (Figure 2). 

by heating it at 1000°C for 1 h. Since LOI is predomi¬ 
nantly due to loss of CO from calcium carbonate, the (b) Upper Bengal Fan, Core nos. SM 13/66, 13/67, 

LOI distribution is in general very similar to that of these cores show a horizon of high calcium carbonate 

CaCO concentration (Figures 2-6). The calcium car- ( 10 - 20 %) at depths of 70-150 cm (Figure 3). The calcium 

bonate concentration in the cores, determined by titration carbonate quantity shows gradual variation and occurs 

method^, is indicated below in accordance with their within the silty clay horizon. In core no. SM 13/67 

geomorphic locations. there are two levels (~ 80 cm and ~ 120 cm) where the 



Figure 3. The temporal distribution of coarse fraction, calcium carbonate and loss on ignition in 
sediment cores from Upper Bengal Fan. The calcium carbonate shows a gradual increase below 
70 cm core depth. 





Figure 4. The temporal distribution of coarse fraction, calcium carbonate and loss on ignition in 
sediment cores from Middle Bengal Fan. The sharp increase in calcium carbonate between 27 and 
49.5 cm (SM 43/15) and 104 and 112.5 cm (SM 43/17) is due to calcareous ooid turbidites, whereas 
the sharp decrease between 73 and 100 cm (SM 43/22) is related to siliceous turbidite. 
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calcium carbonate frequency goes down abruptly. These 
levels are characterized by siliceous materials, predomi¬ 
nantly quartz and mica. 

(c) Middle Fan, Core no. SM 43/26 shows high calcium 
carbonate (15-25%) at depths of 45-60 cm (Figure 4) 
and decreases gradually moving from bottom towards 
the top. 

Core no. SM 43/22 shows sharp fall in calcium 
carbonate concentration at around 100 cm depth (Figure 
4), which is marked by the presence of high siliceous 
sand fraction, composed mainly of quartz and mica and 
devoid of any fauna. 

Core no. SM 43/17 shows a tendency of increase in 
the calcium carbonate concentration to 15-20% at depths 
of 80-160 cm (Figure 4). Within the depth range -- 104- 
112.5 cm, there is an abrupt increase to -60% which 
is also characterized by the presence of greyish-white- 
coloured calcareous sand containing ooids and shallow- 
water biogenic material. This high calcium carbonate 
zone was observed within the silty clay texture. 


Core no. SM 43/15 at 80 cm core depth and below 
does not show any rise in CaCO content (Figure 4). 
It is characterized by terrigenous clay deposit. At a 
higher level (27-49.5 cm), there is an abrupt rise in 
CaCO^ concentration to - 75% which is characterized 
by the presence of greyish-vfhite-coloured calcareous 
sand containing ooids and shallow-water biogenic 
material. 

(d) Lower Fan, Among four cores (SM 43/76, 43/77, 
43/87, 43/83), the first three cores show high calcium 
carbonate concentration at depths of 80-150 cm (Figure 
5). In core SM 43/83 this depth is shallower (30-80 
cm). In all these cores the calcium carbonate concen¬ 
tration shows a gradual increase at this level and the 
maximum concentration occurs near silty clay and clay 
boundary. 

Core no. SM 43/94 shows no increase in CaCO 
concentration at 80-150 cm level (Figure 6) and contains 
terrigenous clayey material. However, towards the bottom 
of the core at depths 233-253.6 cm there is an abrupt 
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Figure 5. The temporal distribution of coarse fraction, calcium carbonate and loss on ignition in 
sediment cores from Lower Bengal Fan. The calcium carbonate shows a gradual incret^e in the 
middle segment of the core. 
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increase of CaCO concentration which coincides with 
the emplacement of a greyish-white-coloured sand, pre¬ 
dominantly consisting of calcareous bioclastic material 
and terrigenous quartz. 

(e) Continental rise. Core nos. SM 43/96 and 43/42 
show no increase in CaCO concentration at the 80- 

3 

150 cm depth level (Figure 6) and contain terrigenous 
clay. However, at ~ 200 cm depth there is a gradual 
rise in CaCO concentration in both the cores. Addi¬ 
tionally, core SM 43/42 shows a thin (4 cm thick) 
calcareous sand bed, predominantly consisting of bio¬ 
clastic material, which resulted in an abrupt increase in 
CaCO^ concentration at that level (172-176 cm). 

(f) Continental slope off Vishakhapatnam. Core no. SM 
43/100 does not show any increase up to 150 cm level. 
But below this level at around 160 cm it shows a gradual 
rise in calcium carbonate concentration like other cores 
located in the continental rise and the western margin 
of Lower Fan. 


CaCOj distribution in seabed surface sediments 

Calcium carbonate content in core top sediments from 
all the 16 cores has been plotted in Figure 7 a for 
understanding the basic principle of the calcium carbonate 
distribution in the present day sediments. From north 
to south, towards deep sea, the calcium carbonate content 
shows an increasing trend from an average of 7.4% at 
SNGSC to 9.2% in the Upper Fan and 15.9% in the 
Middle Fan (Core nos. SM 43/22, 43/26). However, in 
the Lower Fan it reduces to 11.78%. Further NW, in 
both Middle Fan (SM 43/17, 43/15) and continental rise 
(SM 43/96, 43/42) it declines to 10%. This low calcium 
carbonate concentration also continues to the continental 
slope sediments off Vishakhapatnam (core no. SM 
43/100) (Figure 7 a). 

The surface distribution pattern brings out two major 
facts: (i) The N to S gradient of increase in calcium 
carbonate concentration shows the effect of terrigenous 
dilution by Ganga river system. Away from the river 
mouth (i.e. SNGSC) the concentration increases up to 
the Middle Fan; the decrease in Lower Fan can be 



D I CORE NO.SM 43/42 

^ X (water depth 2649 m) 

T J SAND% -- CaC03% LO.I. % 



Figure 6, The temporal distribution of coarse fraction, calcium carbonate and loss on ignition in 
sediment cores from Lower Bengal Fan (SM 43/94) and continental rise west of Bengal Fan (SM 
43/96 and SM 43/42). The calcium carbonate shows no variation in concentration in the middle 
segment of the cores. 
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explained by the influence of Godavari discharge, (ii) 
Off Godavari mouth also the same phenomenon was 
observed, i.e. calcium carbonate concentration increases 
in W to E direction away from the river mouth. Currently, 
the Godavari discharge is influencing not only the Lower 
Fan, as already mentioned, but also a part of the Middle 
Fan (Core nos. SM 43/15 and 43/17). The clay mineral 
distribution pattern in the sea bed surface sediments 
also supports this conclusion®. Godavari sediments show 
higher concentration of smectite, indicating influence of 
the Deccan Trap provenance while Ganga river system 
carries more of illite and chlorite suite from the Hima¬ 
layan provenance. 

Thus it appears that terrigenous dilution is the main 
factor controlling calcium carbonate distribution in the 
present day sea bed sediments. Dissolution is not 
important as the biogenic materials contain well-preserved 
tests and do not show any effect of dissolution. Secondly, 
productivity should normally be higher near the coast 
due to the availability of nutrient-rich water resulting 
from up welling. The majority of the studied core samples 
represent the Bengal Fan sediments, one of the largest 
submarine fans in the world. In view of the fact that 
the Bay of Bengal receives enormous terrigenous supply 
(about 2.2 X 10’^ gm/a) by the major rivers’, it seems 
to be the largest controller of calcium carbonate con¬ 
centration. This explains the increasing trend in calcium 
carbonate concentration towards the deep sea. This is 
in agreement with the published data from the slope 
region to the equatorial Indian ocean, which demonstrate 
a sea-ward increase in calcium carbonate concentration 



due to dilution effect^^^ The particle flux study'^ also 
demonstrates a similar trend. The studies from the eastern 
continental shelf of India, also demonstrate a sea-ward 
increase in calcium carbonate concentration due to the 
dilution effect'^"'^ In addition, the northern slope sedi¬ 
ments (i.e. SNGSC), which receive the highest terrigenous 
input by Ganga-Brahmaputra river system have com¬ 
paratively low calcium carbonate concentration than the 
Vishakhapatnam slope sediments (Figure la). 

Temporal distribution of calcium carbonate 

The temporal distribution of calcium carbonate demon¬ 
strates two patterns - abrupt or gradual variation in cal¬ 
cium carbonate concentration. The abrupt variation, 
observed in few cores (Figures 4 and 6), at three 
stratigraphic levels (around 50, 100 and 250 cm core 
depth), corresponds with greyish-white-coloured calcare¬ 
ous or siliceous sand and suggest a sudden influx 
probably due to turbidity current/gravity flow. Middle 
Fan cores (SM 43/17 and SM 43/15) predominantly 
comprise of calcareous ooids and biogenic material (hence 
calcareous ooid turbidite) and were transported from the 
continental shelf off Vishakhapatnam during the lowered 
sea level'^. The presence of ooid turbidite at different 
levels (104-112.5 cm and 27-49.5 cm core depth) sug¬ 
gests two periods of turbidity current activity. The first 
activity probably took place during the Last Glacial 
Maximum in Late Pleistocene and the second activity 
prior to the stabilization of sea level in the Early 
Holocene‘S Rao et also reported ooids and benthic 



calcium carbonate; a, in Holocene (core lop sediments) and b, during the Last Glacial Maximum (~ 18 ka). 
concentrauon mcreases towards deep-sea, both off Ganga and Godavari river mouth and is indicative of terrigenous 
hv Ik m calcium carbonate concentration during Holocene and LGM off Godavari river mouth (marked 

^ a sharp increase (marked by hatched lines). However, the low value observed in one core 

(SM 43/22) withm the high calcium carbonate zone of LGM time is due to siliceous turbidite. 
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foraminifera from the continental rise sediments off 
Vishakhapatnam coast. Sharp peaks of calcium carbonate 
(40% to 60%) in core nos. SM 43/42 and SM 43/94 
(Figure 6), from the continental rise and western margin 
of Lower Fan, are due to the influx of biogenic material 
(calcareous biogenic turbidite). They are also derived 
from the Vishakhapatnam shelf probably during the 
regressive sea level in Late Pleistocene*’Whereas, 
sharp decrease in calcium carbonate concentration, 
observed in few cores (SM 43/22; SM 43/67), is due 
to emplacement of siliceous sand or silt sized material*’*^ 
(predominantly quartz and mica) from the shelf regime 
under gravity flow activity (siliceous turbidites). This 
indicates that the abrupt variation in calcium carbonate 
is due to sudden influx of material from the shelf regime 
under turbidity current/gravity flow activity during dif- 
ferent periods. 

As already mentioned under core analytical data, a 
number of cores show higher calcium carbonate con¬ 
centration, having gradual increase, in the middle seg¬ 
ments at depths of 80-150 cm. Figures 3-5 show the 
high calcium carbonate zones of the middle segment: 
from base upwards, the calcium carbonate concentration 
gradually increases, reaches a peak and then it reduces 
again to the background level (i.e. ~ 10%), The spatial 
distribution of CaCO^ (Figure 7 b) shows that there is 
an increase in the calcium carbonate concentration from 
20% in the Upper Fan (core no. SM 13/67) to ~ 27% 
in the Lower Fan (core no. SM 43/83) which may be 
ascribed to less terrigenous dilution in the down fan 
direction. However, the increased concentration to a 
value more than double the background level, i.e. from 
10% to 27% is quite interesting. The coarse fraction 
(63 p.m), containing well-preserved pelagic foraminifera 
shells, also shows an increase in concentration, which 
clearly suggests that calcium carbonate is derived from 
skeletal components of in situ nature and, therefore, is 
biogenic. The enrichment of biogenic calcium carbonate 
indicates either a higher productivity or a depleted 
terrigenous supply or both during this period. 

This high calcium carbonate zone probably marks the 
Last Glacial Maximum (LGM). Prell et al}'\ on the 
basis of oxygen isotope stratigraphy, reported the LGM 
level (18000 B.P.) at 80 cm core depth in Bengal Fan 
sediments. According to Cullen^**, the LGM level varied 
between 60 and 100 cm in the cores of central part of 
Bay of Bengal (along 90°E long, and 12° to 18°N lat.). 
The sedimentation rate reported by various authors**’*'^*^* 
indicates 2-4 cm/ky for the Bay of Bengal sediments. 
Since the middle segment of the cores in the area of 
study coincides with the LGM depth range as reported 
by these authors, the higher calcium carbonate concen¬ 
trations at depths 80-150 cm can be correlated with the 
LGM event. As already mentioned, core no. SM 43/17 
shows abrupt rise in calcium carbonate concentration to 


60% within the high calcium carbonate zone of ~ 20%. 
This abrupt rise is due to ooid turbidite which has been 
correlated with LGM ooid developed in the eastern 
continental shelf* 

If one assumes that forams are taken as the best index 
of overall productivity, it is quite reasonable to say that 
productivity was high during the glacial period. However, 
the relatively high calcium carbonate in the Lower Fan 
compared to Upper Fan indicates a depleted terrigenous 
supply by the major rivers. Moreover, the organic matter 
and quartz which is terrigenous in nature shows low 
percentage during this period*. The palynological data^^ 
(SM 43/87) also suggest a depleted terrigenous supply 
during this period. This further confirms that the higher 
concentration of biogenic calcium carbonate during gla¬ 
cial period is related to productivity as well as less 
terrigenous supply. Northeastern Arabian Sea core also 
shows a higher concentration of calcium carbonate during 
glacial period, probably due to less dilution by terrigenous 
influx derived from the Indus river^^. However, the 
Pacific Ocean experienced calcium carbonate maxima 
during glacial period related to higher productivity^"*’^^. 

The terrigenous dilution in the Bay of Bengal sediments 
seems to be the largest controller of calcium carbonate 
and may reflect the terrigenous supply of the Himalayan 
and Peninsular rivers during the glacial and interglacial 
periods. Extensive palaeo-oceanographic studies suggest 
that the LGM was marked by a weak Indian SW 
monsoon and a strong NE monsoon^**’^^’^**. The SW 
monsoon contribute around 80 per cent of total sediment 
discharge by Ganga-Brahmaputra rivers^*\ The less pre¬ 
cipitation in the continent and high salinity in the Bay 
of Bengal suggest that the discharge from Ganga- 
Brahmaputra rivers was very low during this period^"’^”^. 
This explains the highest concentration of calcium car¬ 
bonate during glacial period. However, the tectonic factor 
cannot be ignored. This was a time when deposits of 
thick sandy sediments had been taking place in alluvial 
flats in the subsiding Indo-Gangetic foredeep. This would 
have reduced siliceous clastic supply in the fan area. 

It is interesting to note that during this period the 
cores toward the eastern continental margin of India 
(core SM 43/94 and SM 43/96) (Figures 6 and 7 b) 
show no increase in calcium carbonate concentration, 
even though, the rest of the area shows a major increase. 
This indicates that the terrigenous supply in this part 
of Bay of Bengal was not affected during the glacial 
period. These cores are more or less nearer to the 
Godavari river mouth in the Vishakhapatnam coast. The 
smectite-rich clay minerals associated with these sedi¬ 
ments suggest that they were derived from Deccan trap 
by Godavari river*. This is explained by high terrigenous 
supply from the Godavari river, possibly influenced by 
a strong NE monsoon^^ during the Last Glacial Maximum. 
The NE monsoon picks up moisture from the Bay of 
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Bengal and precipitates over the eastern part of the 
peninsular India, occasionally giving rise to floods. This 
indicates that the Godavari river discharge was probably 
high during the last glacial period and diluted the calcium 
carbonate content in the continental rise sediments off 
Godavari river mouth. 

In the lower segment of the cores below an average 
depth of -250 cm, three cores (SM 43/96, 43/42, 43/94) 
off Vishakhapatnam coast show high calcium carbonate 
concentration, the highest values being 35%. The base 
of the calcium carbonate high is not visible because of 
insufficient length of the gravity cores but towards top, 
in the visible part, the calcium carbonate concentration 
shows a gradual decrease to the background value of 

- 10%. Thus it is comparable to the middle segment 
(80-150 cm) calcium carbonate increase. Two of the 
longer cores of Bengal Fan (SM 43/77, SM 43/87, 
Figure 5) also show increasing trend of calcium carbonate 
concentration towards the bottom of the cores (below 

- 250 cm depth). The increase in calcium carbonate 
concentration in both eastern offshore cores and the 
Bengal Fan shows that during this period, siliceous 
clastic input was low from the Godavari river. It is 
interesting to note that the magnetic susceptibility 
dispersal pattern^^^ on the same cores clearly showed the 
predominance of Godavari source over Ganga-Brahma- 
putra river system source that has probably occurred 
during the LGM in this area. 

The upper part (above 50 cm) of all the cores in the 
Fan and off east coast does not show any increase in 
the calcium carbonate concentration above the back¬ 
ground value (- 10%). Low concentration of calcium 
carbonate in the upper part of the cores suggests high 
influx of terrigenous fine clastic material, predominantly 
clay, after the sea level rise in post-glacial period. 

In a recent publication^^ on cores from the central 
part of Bengal Fan it has been suggested that Holocene 
period is enriched in calcium carbonate sedimentation, 
which is contrary to our observation. In our study of 
16 cores from different geomorphic environments of 
Bay of Bengal starting from the continental slope to 
abyssal depth, the Holocene sediments do not show any 
enrichment in calcium carbonate. It may be noted that 
the high calcium carbonate zone during LGM shows a 
rise from - 110 cm in core no. SM 43/87 to -40 cm 
in core no. SM 43/83 (Figures 1 and 5), i.e. the LGM 
horizon is shallowing in SE direction. The samples of 
Pavana Putra et lie still further SE, hence the LGM 
level is expected to be still shallower; the high calcium 
carbonate in the central part of Bengal Fan is, in our 
opinion, not Holocene but late Pleistocene in age. 
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Remnants of large magnitude 
earthquakes: Evidences from the 
Great Rann sediments, Kachchh, 
Western India 

Parag S. Sohoni and Javed N. Malik 

Department of Geology, M.S. University of Baroda, 

Vadodara 390 002, India 

During our investigations on the seismicity of the 
Kachchh region of Gujarat, we recorded a variety 
of seismically-induced deformational features from 
the Great Rann sediments. The structures identified, 
viz. small-scale folding, pseudo-sand blow, sand dike 
and micro-faulting from the newly-excavated trenches 
are attributed to liquefaction and fluidization of water- 
saturated sediment resulting due to upward propa¬ 
gation of cyclic shear waves, generated during 
earthquake. Other features identified were craters 
with no connecting feeder dikes from the bottom. 
We envisage that these craters might have been 
formed due to sudden down slip along en-echelon 
faults developed at the crest and on the limb of an 
anticlinal structure (? Ludiya anticline), suggestive 
of reactivation of anticlinal structure caused by the 
tectonic movement during Holocene period. These 
structures provide not only more data on the diversity 
of the deformational features, but also enable to 
suggest the likely tectonic mechanism responsible for 
the genesis of these structures, and point to the 
occurence of seismic events of magnitude Mg > 5 which 
may have been responsible for the deformation of 
the Holocene sediments of Rann. 

The Kachchh peninsula has a long history of earthquakes 
of varying intensities/magnitudes. Many devastating 
earthquakes have been recorded in the recent historic 
past’"^ of which the most remarkable earthquake occurred 
on 16 June 1819 in the Great Rann of Kachchh (Allah 
Band) with magnitude 7.8 (ref. 5) and reached 
maximum intensity of IX to X + (MM) (ref. 4). This 
earthquake is one of the largest recorded seismic move¬ 
ments in the entire Indian shield^. The region is con¬ 
sidered to be active since Mesozoic times and movements 
along the master E-W faults have played a significant 
role in shaping the present day physiography of Kachchh’. 
Evidences like drainage derangement and recent gully 
erosion along the margin of Great Rann and Banni 
plains are suggestive of tectonic movements during 
Quaternary period^’‘^ 

From the available earthquake data documented by 
earlier workers and data from Indian Meteorological 
Department, it appears that the Great Rann and Banni 
plains are seismically active areas of Kachchh (Table 
1). The significance of the present study is to identify 
the remnants of the large magnitude earthquakes that 
occurred in this area during Holocene period. 
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In the course of our investigations on the seismicity 
and neotectonism of the Kachchh region of western 
India, we have come across some examples of defor¬ 
mational features like small-scale folding, micro-faulting, 
pseudo-sand blow, sand dike, pseudo-nodules, intrusive 
flame structure, sediment plume, contorted laminae and 
craters with no feeder dikes in the unconsolidated soft 
sediments of the Great Rann and Banni plains from 
excavated trench sites 1 and 2 (near Bhirandiyala, 53 km 
north of Bhuj) and sites 3-7 (near Ludiya, 3 km south 
of Khavda) (Figure 1). The present studies lay emphasis 
on trench sites-3, 4, 5, and 6 (Figure 1). 

The purpose of this short research communication is 
to provide information on the soft sediment deformational 
structures with a view to substantiate the already existing 
data on the diversity of the deformational features, and 
to suggest the likely tectonic mechanism responsible for 
the genesis of these structures in the Great Rann area. 
The Rann sediments owe their sedimentation under 
deltaic/intertidal environments by ancient rivers draining 
the area from north^^^’^^ The originally flat gradientless 
topography and absence of overburden rules out the 
possibilities of these structures being influenced by 
burial-related deformation or by slope failure. Hence, 
the formation of these deformational structures in the 
unconsolidated soft sediments could be due to compres- 
sional stresses which developed because of seismic shak¬ 
ing as a possible result of earthquakes which visited 
the Great Rann in the Recent past. 

The trench site 3 near Ludiya, shows deformational 
structures like well-developed small-scale folding, 
pseudonodules and a feature closely resembling a sand 
blow (Figure 2). The folding is marked- by broad syncline 
and anticline, without obliterating the primary laminations 
of clay/silt. This folding does not resemble the crumpling 
or complicated folding of laminae developed due to 
penecontemporaneous nonseismic deformation^^. Thus the 
formation of this structure can be attributed to intense 
compressional stresses developed due to seismic shak- 
ing^^"^’. Another feature which resembles a sand blow, 
no associated feeder dike was found, which is not only 
unlike a typical sand blow, but also shows distinct traces 
of convolutions. To explain this, it is envisaged that at 
one of the ends, the presence of clay acted as a barrier 
against the push, thereby causing the sand-silt lense to 
form a bulbous bulge which abutts against the massive 
clays and the junction is marked by a micro-fracture 
(Figure 2). We have preferred to call this structure a 
‘pseudo-sand blow’. A good example of sand dike 
(Figure 3), a typical liquefaction feature has however, 
been encountered at the trench site 4, 50 m to the south 
of trench site 3 (Figure 1). The formation of this sand 
dike is attributed to the cyclic shear stresses, which 
develop during an earthquake event, causing build up of 
pore water pressure, which, in turn, leads to liquefaction 
and fluidization of the water-saturated cohesionless 
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Table 1. List of earthquakes that visited the Great Rann and its surroundings (1668--1993) 
_Latitude Longitude Location Mag/Int Reference 


1668 

25.00 

68.00 

Great Rann 

7 

16 Jun. 1819 

24.00 

70.00 

Allah Band 

7.8 

19 Apr. 1845 

24.00 

69.00 

Great Rann 

VIII 

25 Apr. 1845 

24.00 

69.00 

Great Rann 

5.5 

19 Jun. 1845 

23.80 

68.90 

Indus delta 

VII 

29 Apr. 1864 

24.00 

70.00 

Great Rann 

6 

20 Aug. 1888 

— 

— 

Khavda 

Slight 

1 Jun. 1890 

— 

— 

Lakhpat, Khavda 

Slight 

14 Jan. 1903 

24.00 

70.00 

Great Rann 

VII 

30 Jul. 1904 

— 

— 

Khadir 

Slight 

11 Jan. 1905 

— 

— 

Khadir 

Slight 

30 Jun. 1906 

— 


Khavda, Lakhpat 

Slight 

.12 Mar. 1907 

— 

— 

Khavda 

Slight 

12 July 1907 

— 

— 

Khavda, Khadir 

Slight 

9 Oct. 1907 

— 

— 

Khavda 

Slight 

29 Sep. 1908 

— 

— 

Khavda 

Slight 

21 Oct. 1908 

— 

— 

Khavda 

Slight 

31 Nov. 1908 

— 

— 

Khadir, Khavda 

Slight 

7 Feb. 1909 

— 

— 

Khavda 

Slight 

1 Aug. 1910 

— 

— 

Khavda 

Slight 

13 Dec. 1910 

— 

— 

Khavda 

Slight 

14 Mar. 1912 

— 

— 

Khadir 

Slight 

1 Oct. 1912 

— 


Khavda 

Slight 

7 Nov. 1912 

— 

— 

Khadir 

Slight 

26 Jun. 1913 

— 


Khavda 

Slight 

21 Feb. 1921 

_ 

— 

Khavda, Lakhpat 

Slight 

26 Oct. 1921 

25.00 

68.00 

Indus delta 

5.5 

5 Mar. 1924 

— 

.— 

Khavda 

Slight 

18 Nov. 1927 

— 

— 

Khavda, Rapar 

Moderate 

31 Oct. 1940 

23.70 

69.90 

Banni 

5.8 

26 Mar. 1965 

24.18 

69.56 

Indo-Pak border 

5 

27 May. 1965 

24.46 

68.69 

N of Kachchh 

5 

26 Apr. 1981 

24.13 

69.51 

Indo-Pak border 

4.1 

31 Jan. 1982 

24.10 

69.60 

Indo-Pak border 

4.8 

7 Apr. 1985 

24.30 

69.90 

Indo-Pak border 

5 

21 Mar. 1989 

24.28 

69.00 

Indo-Pak border 

4 

10 Sep. 1990 

24.17 

68.68 

Indus delta 

4.7 

9 Feb. 1993 

24.60 

69.00 

N of Kachchh 

4.3 


2 

3 

1 

3 
1 

4 
4 

3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 

4 

4 

1 

1 

1 

1 

3 

3 

1 

1 


in the year 1996-97. 


L Data obtained from IMD, New Delhi, 

2. Johnston and Ranter^. 

3. Quittmeyer and Jacob''. 

4. Kachchh Gazetteer, Govt. Press and Stationary Dept, 1971. pp. 56-61. 



sediment^^. Here, the sand shows' intrusion and breaking 
of the overlying comparatively thick clay layer, spreading 
out on either side of the vent along horizontal parting 
laminae, without reaching the surface. This suggests that 
seismic shaking must have lasted for shorter duration 
and was unable to produce strong hydraulic forces to 
lead sand venting upto the surface, because the zone 
of liquefaction during seismic event depends on the 
intensity and duration of ground motion which generate 
cyclic shear stresses during an earthquake’”^. Further, the 
presence of sand dike suggests a seismic event of 
magnitude > 5 However, some more occurrences 

of sand dikes and sand blows would throw light on the 
possible magnitudes of the event/s. 

The trench site 5 shows an example of slumping 
along almost straight fault plane near the surface and 
no signatures of curved or concave upward surface-were 
observed (Figure A a). A clear-cut graben-like feature 
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Figure 2. Photomosaic of N-S trending trench site 3, showing seismically-induced structures. PSB, pseudo-sand blow; FL, folding of clay/silt 
laminae; DL, discontinuous laminae; DC, deformed charcoal bed; f, micro-fracture. 



Figure 3. Line drawing of trench site 4 showing SD, sand dike along 
with small-scale folds (Scale: length of pen is 14 cm). 


cutting across the laminated clay and silt is observed 
at the basal portion of the trench (Figures 4 a, b). The 
fault is capped by the laminated clayey-silt and silty-sand 
horizons, suggesting that the upper horizon was deposited 
subsequent to faulting under channel-fill deposition. In¬ 
terestingly, the sedimerit succession within the channel- 
fill deposit, comprising fine laminations of clayey-silts 
and silty-sand, are also seen disturbed-warped and mi¬ 
cro-faulted (Figures 4 a, b). From this, it is envisaged 
that these deformational features are net result of one 
single large magnitude earthquake. 

At trench site 6, (about 175 m north of trench site 
3), we observed well-developed craters (Figure 5 a). The 
craters are not connected with any feeder dikes from 
the bottom. The formation of these craters are mainly 
attributed to more or less sub-parallel buried faults, and 
it is quite possible that the craters represent a depres- 
sion/graben that developed along the crest and on the 
limb of an anticline (? Ludiya anticline^”*^^). This probably 
suggests reactivation of the anticlinal structures during 
Late Holocene times. Yeats et al}^, have invoked such 




Silty-sand 


I --J Clay 


Figure 4. a, Photograph of east facing wall of N-S oriented trench 
site 5, showing deformational structures formed due to a single large 
event. F, Fault, b, Line drawing of trench site 2 showing slumping 
along almost straight fault plane on the right hand side of the trench 
and faulting resulting in formation of wedge (in the bottom right) and 
channel-fill deposits marked by shallow trough showing concave upward 
bounding surface that scoured the earlier succession subsequent to 
faulting. Also, the slumping of the sediment and discontinuation of 
silty-sand and clay laminae is seen within the channel-fill. 
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Figure 5. a, Photomosaic of N-S oriented trench site 6 showing well-developed craters, b. Line 
drawing showing formation of craters on account of differential slip along en-echelon faults developed 
at the crest of an anticline and discontinuation of laminae along minor subordinate faults. 


a mechanism for the development of crater-like structures 
with no connecting feeder dikes. In this case a sudden 
down-slip along the faults at the crest of an anticline, 
are invoked to have produced high-pore water pressure, 
thereby causing the sudden evacuation of the material 
from the core of the fold‘I The sediment succession 
within the crater comprise mainly silty-clay and is 
overlain by a silty sand unit, the deposition of which 
may be due to the backwash. In this unit also, some 
small-scale faults are observed (Figure 5 b). 

The widespread occurrence of deformational features 
(between Bhirandiyala and Ludiya-17 km), originally 
showing flat topography and absence of overburden rules 
out the possibilities of the structures being influenced 
by burial-related nonseismic deformation or by slope 
failure. Thus, the structures identified near Ludiya are 
interpreted to be of seismic origin. It is highly possible 
that almost all the structures were formed by a single 
large magnitude seismic event. The lack of soil deve¬ 
lopment at all the sites indicates that the event must 
have occurred sometime in Recent past. Although, pres¬ 
ence of liquefaction and faulting structures at the four 
sites near Ludiya are attributed to the single historic 
earthquake, however precise dates would throw much 
more light on their occurrence and the related seismic 
events that caused their formation. 

Though, the evidence of structural offset and sand 
dike is rather inconclusive from the point of view of 


magnitude estimation, the formation of the seismicity- 
related structures in the upper portion of the Rann 
sediments definitely points to these being related to 
some of the more recent historical earthquakes, of rela¬ 
tively high magnitude. 
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exclusively in the phloem., was first detected in 1969 
by electron microscopy^"^. 

Since then, number of staining techniques have been 
tested to improve the detection of phytoplasma in plants, 
and to reduce dependency on electron microscope for 
identification of yellows diseases^ Light-microscopic- 
detection of phytoplasma involves indirect detection, 
whereby callose formed in sieve elements of phloem 
tissue as a response to wounding, is visualized by 
staining with either aniline blue*’'^ or Giemsa stain^ 
Direct detection of phytoplasma in little-leaf-affected 
eucalyptus was reported by Ghosh et using Dienes’ 
stain, a mycoplasma-specific stain. A DNA-binding 
fluorochrome, Hoechst 33258, has been used to detect 
phytoplasma in spike-disease-affected sandal^. 

The availability of sensitive and selective fluorescent 
probes for living cells has opened new horizons in cell 
biology. The fluorescence signal, superimposed against 
a dark background, permits sharper cytological details 
to be observed than with a comparable stained specimen 


In situ detection of phytoplasma in 
spike-disease-affected sandal using 
DAPI stain 

Sunil Thomas and M. Balasundaran 

Division of Pathology, Kerala Forest Research Institute, Peechi, 
Thrissur 680 653, India 

Free-hand sections of spike-disease-affected sandal 
(Santalum album L.) and its hosts were stained 
with the DNA-binding fluorochrome, 4,6,diamidino- 
2-phenyl indole (DAPI), to detect the presence of 
phytoplasma. Yellow-green fluorescence was detected 
in the phloem of diseased sandal. While the phloem 
tissue of healthy sandal and host plants growing close 
to the spike-disease-affected sandal in the field as 
well as in glass house did not show fluorescence. The 
intensity of fluorescence was high in the young stem 
and inner bark compared to the root, petiole and 
leaf. When the efficiency of the DAPI stain was 
compared with Dienes’ stain to detect phytoplasma, 
the latter was found to be less efficient. 

Sandal {Santalum album L.), a semi-root-parasitic tree 
is known for its highly valuable wood and oil. Spike 
disease, reported from all the major sandal-growing 
states of India is the most serious disease of the species. 
The disease is characterized by extreme reduction in 
leaf size accompanied by stiffening and reduction of 
internode length. In advanced stage, the entire shoot 
gives the appearance of a spike inflorescence. Spiked 
trees die within two-to-three years after the appearance 
of visible symptoms'. The causative agent of this disease, 
phytoplasma, a nonculturable plant mycoplasma observed 



Figure 1. Fluorescent photomicrograph of healthy (a) and diseased 
(b) sandal stem (cross section) stained with DAPI (x70). Note the 
fluorescent spots in the phloem of diseased tissue. 
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in the ordinary light microscope'". It is possible to 
observe a very small number of fluorescent molecules ~ 
approximately 50 molecules can be detected in one jum^ 
volume of a cell". 

DAPI is a fluorochrome which binds to AT-specific 
double-stranded DNA, having an excitation wavelength 
of 372 nm and emission wavelength of 456 nm'". It was 
first used to detect mycoplasma contamination in animal 
tissue culture by Russell et Since then it has been 
employed to detect phytoplasma in several plants like 
sweet potato'^, peach, chokecherry^ white ash, lilac'\ 
etc. The objectives of this study were to detect phyto¬ 
plasma in tissues from different parts of the plant of 
the spike-disease-affected sandal using DAPI stain, and 
to compare the efficiency of DAPI with Dienes’ stain. 

Twigs from spike-disease-affected sandal (scion), 
collected from reserve forests of Marayoor (Kerala), 
were wedge-grafted on to one- to two-year-old healthy 
sandal seedlings grown in glass house. Pongamia glabra 
and Pterocarpus marsupiiim were the host species. Grafts 
were established on 75% of the plants. Spike symptoms 


appeared within 60 days after grafting. The hosts of 
spike-disease-affected sandal in the glass house did not 
show any morphological change. 

Healthy and spike-disease-affected sandal and their 
hosts growing in the field as well as in glass house 
were screened for the presence of phytoplasma. The 
host species growing close to spiked-sandal in the field 
were Lantana camara and Zizyphus oenoplia with 
witches’ broom and normal appearance. Tissues were 
fixed in 5% formaldehyde in 0.1 M phosphate buffer, 
pH 7.0 for 30 min. They were then washed in 0.01 M 
phosphate buffer, pH 7.0 for 3 min. Free-hand sections 
of 20 pm thickness were stained with 0.001% DAPI 
(Sigma Chemical Co. USA) in 0.01 M phosphate buffered 
saline, pH 7.45 for one hr, mounted in water and viewed 
under Leitz Dialux fluorescent microscope using HBO 
50 W bulb. Dienes’ stain was prepared by dissolving 
2.5 g of methylene blue, 1.25 g of azure II, 10.0 g of 
maltose and 0.25 g of sodium carbonate in 100 ml dis¬ 
tilled water. 0.2% of Whatman-1 filtered Dienes’ stain 
was used for staining the sections for 10 min. These 



Figure 2. Fluore.scent photomicrograph of healihy {a) and diseased 
{b) sandal inner bark (C.S.) stained with DAPI (x70). 



Figure 3. Fluorescent photomicrograph of healthy (n) and disea.sed 
{b) sandal petiole (C.S.) stained with DAPI (x70). 
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were then washed in distilled water, mounted in water 
and observed under light microscope. 

The xylem and the sclerenchymatous stone cells of 
both the healthy and diseased sections showed green 
auto fluorescence under UV light. While all the sections 
of spike-disease-affected sandal showed the characteristic 
yellow-green fluorescence in the phloem region after 
being stained with DAPI, the intensity of fluorescence 
was high in the stem (Figure 1) and inner bark (Figure 
2) compared to petiole (Figure 3), leaf (Figure 4) and 
root (Figure 5 and Table 1). In highly-diseased sandal 
trees growing in the field, the sections of inner bark 
showed intense fluorescence compared to sections from 
young stem tissues. Longitudinal section of the inner 
bark showed a continuous fluorescence in the phloem 
region. As increasing the time of fixation in formaldehyde 
leads to background fluorescence, thirty minutes of fixa¬ 
tion was considered optimum. No fluorescence was 
observed either in the sections of diseased root tip or 
healthy sandal tissues. Further, sections from the host 
plants of spike-disease-affected sandal growing in the 



Figure 4. Fluorescent photomicrograph of healthy («) and diseased 
(b) sandal leaf (C.S.) stained with DAPI (x70). 
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field like Lantana and Zizyphus oenoplia as well as the 
hosts of glass-house-raised diseased sandal seedlings, 
Pongamia glabra (Figure 6) and Pterocarpus marsupium 
did not show the characteristic fluorescence in their 
phloem. 

On staining the tissues with Dienes’ stain, the sections 
showed that phloem of healthy plants remained unstained, 
but the phloem of infected plants showed discrete dark- 
blue-stained cells (Figure 7) and the xylem and stone 
cells of both the healthy and diseased tissues were also 
coloured blue. 

Fluorescence is a form of luminescence which occurs 
after photons of light are absorbed by a fiuorochrome 
at the ground electronic state. Most of the fluorochromes 
require excitation in the long wave UV to produce 
fluorescence in the visible range. Some of the biochemical 
substances present in the cells have the property to 
autofluoresce under UV light'll In our results also it 
was observed that the xylem and sclerenchymatous stone 
cells showed the characteristic autofluorescence in both 
healthy and diseased unstained tissues under UV light. 



Figure 5. Fluorescent photomicrograph of healthy {a) and diseased 
{h) sandal root (C.S.) stained with DAPI (x70). 
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Even though there is only scant information on the 
biochemical characters of phytoplasma, there is much 
knowledge about its animal counterpart, the mycoplasma. 
Generally, they are wall-less prokaryotes with a genome 
size of 5 X 10* daltons. They have a low G-l-C content 
(23 to 30 moles per cent G + C), i.e. a high A + T 
content‘d DAPI, an AT-specific DNA-binding fluoro- 
chrome provides a quick microscopic detection of 
phytoplasma in plant tissues*'*. In aster plants with yellow 
disease, it was found that the immature sieve elements 
close to the mature sieve elements degenerated'**. In our 
studies it was found that in severely diseased trees, the 
fluorescent spots were less in number towards sections 
from terminal portion of the stem, but high intensity 
of fluorescence was detected in several rows of secondary 
phloem in the inner bark . This may be due to degeneracy 
of phloem in the newly-formed stem tissues. 

Lantana has been considered as a carrier plant of 
phytoplasma and spreads the spike-disease in sandal 
forests”, without itself manifesting any morphological 
changes. However, Hull et al.'* could not detect phyto¬ 
plasma in Lantana growing near diseased sandal but 


Tabic 1. Intensity of phloem fluore- 
scence detected in spike 
diseased sandal using DAPI stain 


Tissue 

Intensity of fluorescence 

Stem 


Petiole 

++ 

Leaf 

+ 

Inner bark 

-H-+ 

Root 

+ 

Root tip 

0 


+++, High; ++, Moderate; +, Low; 0, Nil. 



Figure 6. Fluorescent photomicrograph of Pongamia glabra stem 
grown as host of diseased sandal stained with DAPI (x70). 


detected the same in witches’-broom-affected Zizyphus 
by electron microscopy. Pongamia glabra is also reported 
to be a symptom-less carrier of phytoplasma of sandaf^. 
However in the present study, DAPI staining could not 
detect phytoplasma in the phloem of the hosts of diseased 
sandal growing in the field as well as in glass house. 
Probably the reason for the absence of phytoplasma 
detection, by the DAPI staining technique, in witches’- 
broom-affected Zizyphus oenoplia may be due to the 
low concentration of phytoplasma in this plant. Further, 
in nature, spike-disease transmission may be occurring 
through insect vectors like Redarator bimaculatus as 
revealed by electron microscopy^*\ 

Earlier studies had shown that staining of tissues with 
Dienes’ stain showed discrete blue-coloured cells in the 
phloem region of phytoplasma-infected plants^^’^l In the 
present study also we found discrete blue-coloured cells 
in the phloem region of diseased sandal. In some of 



Figure 7. Photomicrograph of Dienjes’ stained diseased sandal tissues 
(C.S.)l a, Diseased stem viewed under low magnification (x70). Note 
the faint blue spots in the phloem region, b. Diseased stem section 
viewed under high magnification (x 190). Note the clear blue spots in 
the phloem region. 
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the sieve cells, the stain was poorly visible under low 
magnification (70x, Figure 7 a), whereas DAPI-stained 
sieve elements showed specific fluorescent spots clearly 
visible even under low magnification. The poor clarity 
of Dienes’-stained cells may be due to the masking 
of colour by bright light whereas DAPI detects 
phytoplasma as bright fluorescent spots against a 
dark background. This difference indicates that 
DAPI stain is superior to Dienes’ stain in detecting 
phytoplasma. 

Eden-Green and Waters^^ have noted in coconut that 
leaf base and root tip act as sink harbouring large 
quantities of phytoplasma. However, the difference in 
intensity of fluorescence in the diseased tissues of sandal 
reveal that large quantity of phytoplasma is seen in the 
stem and inner bark and very little in leaf veins and 
root tip region. The phloem of petiole showed moderate 
fluorescence. 

Many workers^"^'”^ have used leaf tissues for the 
purification of phytoplasma to produce polyclonal anti¬ 
bodies in ELISA. However, from the above results it 
is presumed that in leaves, the quantity of phytoplasma 
is very much less compared to stem, its presence being 
restricted only to the midrib region. Therefore young 
stem tissues and inner bark are ideally suited for the 
purification of phytoplasma. Further evidence on quantity 
of phytoplasma could be attained by using serological 
techniques like ELISA or molecular biological techniques 
like PCR, which detect even very low titer of phyto¬ 
plasma. 
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Why has breeding for water use 
efficiency not been successful? An 
analysis and alternate approach to 
exploit this trait for crop 
improvement 

M. Udayakumar, M. S. Sheshshayee*^, K. N. Nataraj, 
H, Bindu Madhava, R. Devendra, I. S. Aftab Hussain 
and T. G. Prasad 

Department of Crop Physiology, GKVK, University of Agricultural 
Sciences, Bangalore 560 065, India 

Despite the realization about the importance of water 
use efficiency (WUE) in crop improvement, the avail¬ 
able genetic variability in this trait has not been 
successfully exploited through breeding. Selection for 
high WUE often resulted in decrease in crop growth 
rates (CGR) and this was perhaps the most significant 
setback for further improvement in this trait. Vari¬ 
ations in WUE are brought about by stomatal diffusive 
characteristics (gj and/or intrinsic photosynthetic 
capacity (g^). Most often plants have evolved to 
maximize WUE through a reduction in transpiration 
that is linked with the g^,. Since dry matter production 
is strongly associated with total transpiration (T), 
any reduction in T results in reduced CGR. Since 
gs is associated both with T and internal CO 2 partial 
pressure (Pi), WUE and T become strongly inter-de- 
pendent. However, if the variations in Pi arid hence 
WUE are brought about by g„„ the inter dependency 
between T and WUE will be lesser and selection for 
WUE from such types will result in higher crop 
growth rates. Determination of g„, is difficult unlike 
estimation of g,,. We propose a novel approach to 
estimate the time averaged mesophyll efficiency based 
on the carbon and oxygen isotope discrimination that 
occurs during photosynthesis and transpiration. And 
we discuss the importance of g^ types (capacity types) 
in improving WUE as well as total dry matter (TDM). 

Plants have naturally evolved several adaptive mecha¬ 
nisms for survival under water-limited conditions‘"1 How¬ 
ever, from the agronomical point of view, the concept 
of drought resistance is linked to superior crop growth 
rates (CGR) under water-limited conditions. Hence, water 
harvesting and its utilization assume greater importance. 
The latter is often referred to as water use efficiency 
(WUE) or transpiration efficiency (TE). In view of its 
importance in crop improvement, especially for rain-fed 
situations, significant progress has been made in recent 
years in understanding the physiological basis and the 
variability in WUE and its environmental control. 

Though the existence of genetic variability in WUE 
was shown as early as in 1914 by Briggs and Shantz^ 
tremendous progress in assessing the genetic variability 

*For correspondence. 


in WUE was possible after the advent of carbon isotope 
discrimination (A) as a powerful technique that can be 
employed as a dependable, time averaged, surrogate 
estimate of WUE^. Several of our studies as well as 
those elsewhere have, since then confirmed the existence 
of significant genetic variability in WUE and its asso¬ 
ciation with A (Figure 1). 

With the advent of this rapid technique, several 
attempts were made to exploit the available genetic 
vai’iability in WUE in crop improvement. Though WUE 
is an important component of yield in the model proposed 
by Passioura'^, (seed yield = WUE X Tx HI), genetic vari¬ 
ability in WUE could not be exploited through breeding. 
Many such attempts were not successful since improve¬ 
ment in WUE was often associated with reduced dry 
matter accumulation and yieldl This lack of success 
arises primarily due to a strong interdependency between 
transpiration and WUE. Since WUE and T directly 
influence growth rates, interdependency between these 
traits is not desirable. Therefore it is essential to identify 
types where this interdependency is lower. 

WUE is predominantly regulated by the stomatal dif¬ 
fusive factors (g^) and/or mesophyll efficiency (g^^) that 
regulates carbon assimilation. In this paper we provide 
evidences to show that variability in WUE brought about 
by intrinsic differences in g^ is desirable. In such cases 
WUE and T will be less dependent on each other. We 
also provide evidences to show that WUE is indeed a 
potential trait for crop improvement if g^-dependent 



Figure 1. Relationship between whole plant WUE (gkg‘*) and carbon 
isotope discrimination (A) in a few genotypes of three grain legume 
crops, WUE was estimated by gravimetric methods between 35 and 
65 days after sowing (DAS). 
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types are identified. However, determination of is 
difficult. We propose a novel approach based on stable 
isotope discrimination to assess the physiological traits 
(g^ and g^) associated with WUE. If high types are 
identified^ it would be possible to improve WUE as 
well as crop growth rates. 

Before answering the question, why breeding for WUE 
could not improve crop yields, one needs to adequately 
analyse the relative significance of the physiological 
factors that regulate WUE. The two important physi¬ 
ological traits that determine the variability in WUE are 
photosynthetic rate (A), responsible tor the dry matter 
production and the transpiration rate. A is regulated by 
the intrinsic mesophyll efficiency (gj and the CO, 
diffusive process associated with the stomata (g^). Trans¬ 
piration rate, on the other hand, is predominantly con¬ 
trolled by the differences in g;^ at a given vapour pressure 


WUE-► A/E - > Pt/Pa 





i 


t WUE 


Irrespective of the factors contributing 
to Pi, Pi is related to WUE 


Figure 2. Schematic representation of the factors that determine 
inter-cellular CO^ partial pressure (Pi) and hence WUE. 


difference (v). These two physiological traits also 
determine the CO 2 partial pressure in the mesophyll 
inter-cellular spaces (Pi) which is directly related to 
WUE (Figure 2). Depending on the extent of contribution 
of g^ or to Pi and hence WUE, species and genotypes 
can be classified as g^-dependent (conductance types) 
or g^-dependent (capacity types) (Table 1). 

Since g^ is strongly related to both transpiration rate 
and Pi, the total water used (T) and WUE become 
inter-dependent. This inter dependence will be stronger 
when Pi and hence WUE, are predominantly regulated 
by the g^. In such types, increase in WUE results in 
lower T and hence total biomass (Figure 3). 

Evidences available in literature also suggest that the 


genetic variability in WUE is predominantly controlled 
by the stomatal factors in several species (wheaf-^, 
tomato'*, phaseolus*^ forage grass species*^’*^ and 
cotton*'^). Further, the moisture stress-induced increase 
in WUE is often associated with greater reduction in 


g^ than in 

'in g^-dependent types, the stomatal conductance is 
invariably lower, resulting in lower transpiration rate. 
This moisture conservation trait, though relevant under 
stress, often results in a significant decline in total 
transpiration. Low in these types also decreases the 
carbon flux and hence A will be less*"^. Therefore, in 
g-dependent types, total transpiration per unit leaf area 
will be low and so will be the net assimilation rate 


(NAR). 

In our studies with conductance types such as cowpea 
and chickpea, both in container and mini lysimeters, 
mean transpiration rate was inversely related to WUE 
(Figure 4). Since the variation in leaf area in these 
experiments was not marked, the low types also 
showed low total transpiration. Since stomatal control 
of WUE is predominant in these species, total transpi- 


Table 1. The WUE traits associated with TDM in two contrasting groups of genotypes 



Capacity types 


Conducance types 

Author 

Crop 

Author 

Crop 


Wright et cil}^ Groundnut^ 

Condon et Wheat^ 

Hubick et Groundnut' 

Hubick et Groundnut' 

Wright et al.^^ Groundnut' 

Hall et Cowpea" 

White'**' Beans" 

Johnson and Bessett'** Grasses'' 

Matus et al* Canola'' 

Sun et al?^ Spruce 


Condon et aL^~ 

Farquhar et alJ 
Martin and Thorstenson'*^ 
White et 

Johnson and Tieszen’** 
Acevedo'*'* 

Ehdaie et ciL^^ 

Richards and Condon'**^ 
Meinzer et 

Gutierrez and Meinzer^ 
Porter and Farquhar'**^ 

Lu et 


Wheat"*" 

Wheat" 

Tomato" 

Phaseolus" 

Grasses"*'^ 

Barley" 

Wheat'' 

Wheat" 

Coffee" 

Coffee" 

24 wild species" 
Cotton" 


", A is positively related to g,. 

TDM is negatively related to WUE. 
", TDM is positively related to A. 

TDM is inversly related to A. 

^ TDM and A have no relationship. 
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ration was inversely related (Figure 5). Because of the 
relationship between total transpiration and total dry 
matter (TDM), a weak association or a negative trend 
between TDM and WUE can be expected in conductance 
types (Figure 5). 

In view of this, selection for high WUE in g^-dependent 
types often resulted in lower bio mass (Table 1), This 
could have been the major bottleneck in achieving 
success while improving WUE. * 

In capacity types, mesophyll factors (g^) associated 
with A determine the variability in WUE. So, in these 
capacity types, WUE is independent of g^ and hence T 
will not be associated with WUE. Selection for high 
WUE from such types will result in high CGR (Figure 
3). WUE as well as yield levels can be increased only 
when capacity types are used in breeding programmes. 

Reviewing the existing literature on these aspects 
considering the physiological traits associated with WUE, 
we could categorize species as capacity types and con¬ 
ductance types (Table 1). Among the capacity types, 
often, the TDM was linearly related to WUE at com¬ 
parable light interception efficiencies. 

In several of our recent studies where genetic variability 
was examined at whole plant level in groundnut and in 
navybean (Wright, 1995-pers. commun.), we noticed 
that WUE was independent of g^. Mean transpiration 
rate was not related either with A or with WUE. 
However, NAR was strongly related to WUE (Figure 
6). We recently demonstrated an inverse relationship 
between Ribulose 1,5-bisphosphatecarboxylase/oxygenase 
(RuBisCO) content and A among groundnut genotypes 
(Figure 7). This suggests that the variability in A and 
hence in WUE could be brought about by the mesophyll 
capacity^^ Similar relationships were noticed by others 
when RuBisCO content was altered in transgenic plants 
with an antisense construct for the small sub unit of 
RuBisCO^^ or by increasing the leaf nitrogen status“^, 
reiterating the role of mesophyll efficiency in determining 
A and WUE. 



Figure 3. Inter-relationship between WUE, T and stomatal and meso¬ 
phyll conductances in determining biomass production. 


In groundnut, a capacity type, at a given leaf area, 
we observed that total water use will not be lower 
despite selection for higher WUE. Hence, total dry 
matter and WUE were positively related (Figure 8) and 
an inverse relationship was noticed between A and TDM 
(data not shown). Similar results were also reported by 
Hubick and Gibson^"^ in groundnut genotypes both under 
stress and nonstress conditions and more recently in 
spruce^l It implies both from our results as well as of 
several others elsewhere that WUE can be determined 



20 40 60 80 100 120 


Mean transpiration rate 



10 15 20 25 30 35 40 45 

Mean transpiration rate 


Figure 4. Genetic variability in WUE as a function of mean tran¬ 
spiration (g of water dm"^ leaf area day“b in cowpea and chickpea, 
Each data point is a mean of at least two replicates. The experiment 
was conducted with plants grown in containers or mini lysimeters at 
100% field capacity. 





High high WUE 
despite high g^. 

So high T and hence 
high TDM 
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by g^. In such types, selection for higher WUE will 
be accompanied by higher growth rates and yield. 

It is evident from the foregoing discussion that the 
capacity types are desirable. To identify the capacity 
types we need to accurately determine g^ besides quan¬ 
tifying the variations in WUE. Unlike stomatal conduc¬ 


tance, determination of g^ is difficult because of the 
complexity in its regulation. 

Often, g^ is indirectly estimated by determining the 
initial slope of the CO^ response curves (dA/dPi)^^ or 
by determining certain mesophyll components such as 
RuBisCO content and its activity^^’^^. Yet another 
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6 
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Figure 5, Plot illustrating the association of WUE with total transpiration (g LAD~‘ over a period between 35 and 65 DAS) and TDM in a 
few genotypes of cowpea and chickpea. 
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0.05 0.06 0.07 0.08 0.09 0.10 0.11 

NAR 

Figure 6. Genetic variability in a WUE as a function of net assimilation 
rate (gdm"^ day"*) in groundnut. Different genotypes were grown in 
containers at 100% field capacity and NAR, a reflection of mean 
photosynthetic rate was determined by gravimetric method. 



Figure 7. Relationship between TDM and WUE among genotypes of 
groundnut. 


approach to arrive at the carboxylation efficiency is to 
assess the change in Pi at a given g^. Since Pi is a 
function of g^ and g^, variations in Pi at a given 
should reflect the g„. That is, at a given g^, Pi will be 
less if the mesophyll efficiency is higher. Recently we 
have shown that the ratio of Pi to g^ significantly 
correlates with mesophyll efficiency and hence can be 
considered as a good reflection of g^ (refs 28, 29). 

However, dA/dCi or Pi/g^ ratios being gas exchange 
measurements, cannot be used as estimates of mean g 
integrated over a period of time. Therefore, a time 
averaged determination of Pi and g^ becomes essential. 
Carbon isotope discrimination by plants (A) has been 
shown to be an estimate of Pi, integrated over time*'’", 
We propose here an alternate approach to determine the 
mean g^ by determining the tissue '"O composition. 

Recently it has been shown that the leaf water and 
CO 2 are enriched with the heavy isotope of oxygen 
("*0) during transpiration”-”. The extent of '"0 enrich¬ 
ment in leaf or chloroplast water has been shown to 
be dependent on transpiration rate"'*'”. Initial experiments 
conducted at our centre also revealed that leaf water 
was enriched with '"O when plants were exposed to 
higher vapour pressure deficits (Table 2). 

Depending on the '*0 composition of leaf water, 
cellulosic '"O also changes. This is brought about by 
the dynamic equilibrium between leaf water and inter 
cellular CO^ which, in turn, is used as a substrate for 
primary carboxylation”’’*. The other possibility of '*0 
entering into cellulose is the carbonyl hydration reaction 
of the intermediate of cellulose biosynthesis”. 

Irrespective of the reactions that lead to the entry of 
"*0 into cellulose, it is certain that the '"O enrichment 
in leaf water results in a high cellulosic '"0 composition. 
From this point, '"O composition in cellulose could be 
a reflection of transpiration rate. In a recent study, 



17 17.5 ID 18.5 19 19.5 2U 20.5 21 

Figure 8. Relationship between RuBisCO content and A in upper 
(□, o) and lower (■, •) of six groundnut genotypes grown under 
irrigated (□, ■) and water-deficit conditions (0, 0), A was determined 
from field-grown groundnut plants either in top or bottom leaves. In 
another set of leaves RuBisCO content was quantified by immuno 
assay techniques (adapted from Rao et 
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Table 2. Effect of vapour pressure deficit on ^*^0 enrichment 
in parts per mil) in leaf water in sunflower and cowpea 



18 

12.5 

7,2 

Species 

mbars 

mbars 

mbars 

Sunflower 

31.20 

28.05 

26.42 

Cowpea 

32.51 

29.15 

27.65 


Farquhar et al?^ demonstrated an increase in AH2^^0%o 
in leaf water at enhanced transpiration rates altered by 
V. This also resulted in an increase in AC^^O'^0, further 
substantiating the relationship between transpiration and 
composition. The difference in g^. at a given 
V, may enrich differently the leaf chloroplast water 
and, hence possibly, cellulosic composition. Among 
genotypes with similar canopy architecture, cellulosic 
at a given v may still reflect the variations in g^,. 
From this context, leaf water or cellulosic compo¬ 
sition could be a potential tool to arrive at the mean 
gj. of the canopy integrated over time. 

As explained earlier, though several approaches exist 
for the determination of g^, recently our observations 
support the hypothesis that the mesophyll efficiency can 
be arrived at by determining the ratio of Pi to g^ (ref. 
28 ). 

Change in Pi levels is an integrated function of both 
gjj and gj^ at steady state levels. However, at a given 
gg, changes in Pi are brought about by g^. Therefore, 
the ratio of Pi to g^ can be considered as a good 
reflection of g^. This warrants the simultaneous deter¬ 
mination of time-averaged estimates of both Pi and g^. 

Pi integrated over time can be quantified by measuring 
the A^^G. From the recent evidences of the inter-rela¬ 
tionship between enrichment and transpiration, it 
can be inferred that the leaf cellulosic composition 
could be a good time-averaged estimate of g^ at a given 
V, Since and are time-integrated estimates of 

Pi and g^, respectively, the A^^C/A‘^0 ratio is a good 
reflection of Pi/g^ integrated over time. 

As the dual isotope discrimination ratio reflects the 
physiological traits integrated over a period of time, this 
can be used as a potential tool to quantify the physio¬ 
logical traits contributing to the variations in WUE. 
With appropriate corrections for the leaf energy budgets 
and V, the leaf and ‘^C composition can give a 
good estimate of g^. and g^. 

Though the importance of WUE has long been felt, 
greater success was not encountered in breeding for 
improvement in this trait. Most often, such attempts 
resulted in reduced biomass yields, since WUE was 
more regulated by transpiration. It is clear from the 
foregoing discussion that breeding for WUE is relevant 
only if WUE and T are independent of each other. 
Lower interdependency between these traits is possible 
only when WUE is determined by mesophyll capacity, 
thus signifying the importance of capacity types. We 
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hypothesize that the ratio of dual isotope discrimination 
that occurs during photosynthesis and transpiration, can 
be a dependable time-averaged estimate of 
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Most conventional analyses relating to habitat use 
by large vertebrates are built on a univariate frame¬ 
work. Although they afford the major advantage of 
being simple to perform and interpret, they fail to 
take into account the interacting effects of multiple 
habitat variables on animal habitat use. Using data 
on the Nilgiri tahr (Hemitragus hylocrius), an endan¬ 
gered mountain goat of the Western Ghats, this paper 
presents a simple ordination technique, Principal 
Components Analysis, to analyse habitat use. We 
demonstrate that the distribution of all-male herds 
correlate with better foraging opportunities, and the 
distribution of female herds correlate with better 
security from predation. We also present an index 
to assess the relative importance of different variables 
in determining habitat use in the tahr. Finally, we 
encourage a wider application of such simple multi¬ 
variate analyses in large animal ecology. 

Knowledge of how an animal selects and uses its habitat 
is essential to many ecological studies, particularly in 
planning conservation strategies for rare and endangered 
species. Biologists studying large vertebrates have tra¬ 
ditionally described animal habitat-use by considering 
individual resources in an animal’s habitat such as food, 
water, and cover as variables. Then, using various meas¬ 
ures of resource selection, they examine degrees of 
selection of these variables, or their proportionate use 
relative to availability in the animaTs habitat''^ Resource 
selection indices and availability-use analyses adequately 
describe whether an animal selects or avoids individual 
features of its habitat. These analytical techniques, how¬ 
ever, suffer from certain drawbacks in describing animal 
habitat-use. 

First, they assume an a priori knowledge of what 
constitutes significant habitat variables for an ani¬ 
mal - a precondition that is seldom satisfied for many 
species. Second, knowledge of an animal’s apparent 
preference or avoidance of a particular habitat variable 
yields no indication of its importance relative to another 
habitat variable that is similarly preferred or avoided. 
Finally, in describing habitat-use, these analytical tech¬ 
niques consider individual variables as disparate features 
of an animal’s habitat. Animal habitat-use, however, is 
a multi-dimensional concept involving several interacting 
variables in the organism’s physical and behavioural 
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environment. There is, therefore, a need to adopt tech¬ 
niques of analyzing animal habitat-use which overcome 
these drawbacks. 

Ordination, illustrated here using Principal Components 
Analysis (PCA) (ref. 7), represents one way of circum¬ 
venting problems associated with traditional habitat-use 
analysis. Using ordination, a multi-dimensional data set 
can be rendered in fewer dimensions (ideally two) to 
allow examination of intrinsic patterns in the original 
data set. Further, it allows the construction of ‘principal 
components’ that are a weighted sum of all the variables, 
the weights being assigned such that the first component 
captures as much of the variation in the variables as 
possible. Successive components similarly extract maxi¬ 
mum residual variation, and are orthogonal (uncorrelated) 
to the preceding components. Only those components 
which explain more variation than is contained in any 
single variable (a threshold specified usually by an Eigen 
value >1) are considered significant in further analyses. 
PCA reveals, by means of the weight (or factor score 
coefficient) the relative importance of each variable in 
constructing the factor. Further computational details of 
the procedure are available elsewhere^. 

We illustrate the application of PCA to analyse habitat 
use in the Nilgiri tahr Hemitragus hylocrius (Mammalia: 
Bovidae), and attempt to identify variables that best 
describe the habitat used by the tahr. Further, we also 
show how two social units in the tahr - bachelor herds 
and female herds — cue in to different variables in their 
use of habitat. The Nilgiri tahr is a primitive goat 
endemic to the southern Western Ghat hill ranges of 
Peninsular India. Tahr are sexually dimorphic: males 
are up to 70% larger than females. They are grazers 
occupying grasslands (usually at elevations over 1000 m 
above sea level) near steep, precipitous terrain, which 
they negotiate adeptly to escape from predators. Uncon¬ 
trolled poaching and large-scale loss and fragmentation 
of its habitat due to the advent of commercial plantations 
(e.g. tea, wattle, eucalyptus, and pine) have resulted in 


decline in tahr populations all over its range. This has 
necessitated its inclusion as an endangered species under 
Schedule I of the Indian Wildlife (Protection) Act 1972, 
and the ‘vulnerable’ category of the lUCN’s Red list 
for mammals ^ 

We collected data for this analysis between November 
1994 and April 1995 at Eravikulam National Park, 
Kerala^ All information to habitat-use was collected at 
weekly intervals by walking two ridge-top trails (total 
length = 16 km) which ensured complete visual coverage 
of the study area. All tahr groups sighted on these trails 
were assigned to one of three social units: bachelor 
groups (males > 4 years), female groups (adult females, 
yearlings, kids, and sub-adult males), and mixed groups 
(female groups with > one adult male). The time of 
the study corresponded to the post-rut and birth season 
in the tahr. We used information from earlier studies 
on mountain ungulates^^ to short-list a set of six habitat 
variables relating to topography, terrain, and forage 
abundance, and examined their role in the tahr’s use of 
habitat. Variables associated with the location of each 
tahr group, viz. altitude, slope, rockiness, volume of 
graminoid forage, and distances to cliffs and sholci 
(stunted evergreen forest patches), respectively, were 
measured from the trails described earlier. It was possible 
to obtain exact measurements for certain variables (e.g, 
altitude slope), but only estimates could be made for 
variables relating to distance (i.e distance to cliffs, and 
shola) and rockiness. Therefore, for the purpose of 
analysis, we ranked the values taken by these variables, 
and used the rank scores instead of field-estimates. 

PCA was performed on the SPSS/PC + software^ ^ with 
the default options of Pearson’s correlation coefficient 
matrix as the input, and a Varimax rotation of factors. 
The PCA extracted two components, which summarized 
74.8% of the variation in the system (Table 1). PCI 
accounted for 55.0% of the variation and significant 
positive correlations with graminoid forage volume and 
distance to cliffs and negative correlations with rockiness 


Table 1. Summary statistics of the Principal Components Analysis 





PCI 


PC2 


Habitat variable 

Communality 

r 

C 

r 


C 

Altitude 

Distance to cliffs 
Distance to shola 
Graminoid forage 
volume 

0.59 

0.63 

0.74 

0.86 

0.30 

0.79* 

-0.11 

0.91* 

0.02 

0.25 

-0.13 

0.28 

0.71* 

0.07 

0.85* 

0.19 


0.54 

-0.03 

0.71 

0.05 

Rockiness 

Slope 

0.91 

OJl 

-0.95* 

-0.88* 

-0.30 

-0.29 

-0.12 

0.02 


0.01 

0.12 



Eigenvalue = 3.30 
% variation explained = 55.0 

Eigenvalue = 1.19 
% variation explained = 19.8 


r = Pearson’s correlation coefficient, C-Factor score coefficient, 
^Correlation significant at P = 0.05. 


CURRENT SCIENCE, VOL. 74, NO. 11, 10 JUNE 1998 





RESEARCH COMMUNICATIONS 


and slope. PC2, on the other hand, accounted for 19.8% 
of the variation in the system and was positively cor¬ 
related with altitude and distance from shola. 

To facilitate visual interpretation of overall habitat-use 
patterns in the tahr, all sightings on trails were plotted 
by social unit on a scatter-plot of their principal com¬ 
ponent scores. The ordination of tahr social units on 
the two-factor axes (Figure 1) revealed interesting dif¬ 
ferences in their use of habitat. Although overlap 
occurred, bachelor and female herds occupied distinct 
regions in factor space, separating along PCI and PC2.' 
In the habitat continuum available to the tahr, bachelor 
herds (n = 47) occupied areas at higher altitudes that 
were less steep and rocky, farther from cliffs, and 
contained higher volumes of graminoid forage relative 
to the areas used by female herds {n =140). Female 
herds contained defenceless young and used secure areas 
near cliffs more than did bachelor herds. Bachelor herds, 
on the other hand, seemed to be trading security from 
predation for access to better foraging opportunities by 
using gentler terrain. Since habitat-use patterns of mixed 
groups (n = 15) were obscured by their small sample 
size, we only present them on the scatter plot (Figure 
1), but omit them from subsequent analysis and discus¬ 
sion. Further analyses of segregation patterns between 
the social units in the tahr are available elsewhere^ 

We used nonparametric Wilcoxon-Mann-Whitney 
test^^ on the PCI and PC2 scores to illustrate how 
results from the above exploratory analysis can be 


extended to make statistical inferences about observed 
patterns. The test statistically validated the above dif¬ 
ferences in habitat use between bachelor and female 
herds, along both PC axes ({7=1005, z = 7.1, 
P« 0.05 for PCI, and {7=1442, z=-5.8, P« 0 05 
for PC2). 

However, several strong and significant relationships 
between the habitat variables considered in the analysis 
(Table 2) made it difficult to tease apart the influence 
exerted by individual variables in producing overall 
patterns of habitat use by tahr. Therefore, we constructed 
a composite index using the results of the PCA to 
isolate and measure the relative importance of different 
habitat variables in the tahr’s use of habitat. The index 
was computed as follows: 

where, /= Index of relative importance of variable V\ 
and are Eigen values of principal components 
(PC) 1 and 2, and are Pearson’s correlation 
coefficients (or weights) of variable V in constructing 
PCI and PC2, respectively. This index indicated that, 
among the six habitat variables, rockiness exerted the 
greatest influence on the tahr’s use of habitat (1 = 0.94), 
followed by slope (1 = 0.85), available graminoid forage 
volume (1 = 0.85), distances from shola (1 = 0.77) and 
cliffs (1 = 0.65). Altitude (1 = 0.48), per se, was the least 
important to the distribution of female or bachelor herds. 
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Figure 1. Location of female, bachelor and mixed herds in factor space. 
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Table 2. Relationships between variables: Pearson’s correlation coefficient matrix 




Distance to 

Distance to 

Graminoid 

Rockiness 

Slope 


Altitude 

cliffs 

shola 

forage volume 



Altitude 

1.0000 

0.2752* 

0.2412^ 

0.3653* 

-0.3055* 

-0.1898* 

Distance to cliffs 


1.0000 

-0.0113 

0.6115* 

-0.6624* 

-0.5803* 

Distance to shola 



1.0000 

0.0698 

-0.0365 

0.0310 

Graminoid forage 
volume 




1.0000 

-0.9146* 

-0.7207* 

Rockiness 





1.0000 

0.7945* 

Slope 






1.0000 


^Relationship significant at /*<0.05. 


In this example, although we use ordination on a 
small set of variables, and highlight only those influ¬ 
encing habitat use in bachelor and female herds, there 
is enormous scope for its usage in other situations. 
Particularly where variables influencing habitat use are 
not readily apparent, or far too numerous, ordination 
can be considered either as a valuable data-exploratory 
tool to choose a smaller, more meaningful set of habitat 
variables for subsequent univariate analyses, or as a 
convenient way of reducing dimensionality in the data 
to facilitate easier interpretation of multivariate data. In 
keeping with the utility of representing habitat utilization 
against habitat availability, it is possible to include data 
on availability of habitat variables in the study area in 
the ordination so as to allow visual comparisons of 
usage with availability (both represented on the factor 
axes as in Figure 1). The index of relative importance 
introduced here is particularly valuable in" assessing the 
actual importance of various habitat variables to an 
animal, and in planning management strategies accord¬ 
ingly. Although it is possible that field data often fails 
to comply with assumptions of a PC A such as multi¬ 
variate normality, linear interactions between variables 
and constant variances, we still advocate its use because 
it is based on a simple correlation matrix of variables, 
and does not involve distributions or inferential statistics. 
However, we caution that these assumptions be heeded 
in situations involving extensions of this approach into 
inferential statistics (e.g. discriminant function analysis). 

Traditionally, ordination techniques have been popular 
mostly among plant and aquatic ecologists who largely 
work at the community and ecosystem levels of organi¬ 
zation^^. Working typically with large data sets, they 
seek to reduce the size and complexity of their data, a 
facility which ordination allows. However, the use of 
ordination in large vertebrate ecology has been scant, 
owing primarily to the fact that ecologists studying large 
vertebrates seldom work beyond the population and 
community-subset levels of organization where data is 
relatively neither vast nor complex. Moreover, obvious 
behaviours of large vertebrates have been used to generate 
study hypotheses (even without data exploration) that 
are later examined. However, it is necessary to com¬ 


plement such intuitive natural history with analytical 
tools to perceive subtler patterns of behaviour in large 
vertebrates. As we illustrate in this instance, ordination 
procedures can be employed effectively at population- 
level studies of large vertebrates to validate assumptions 
about habitat choice, and to extend descriptive natural 
history into the realms of hypothesis testing. 
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Rachilla: An additional source 
for embryogenic callus induction 
and transformation in 
Oryza sativa L. 

K. B. R. S. Visarada, M. Sailaja, P. Arti, 

S. M. Balachandran and N. P. Sarma* 

Directorate of Rice Research, Rajendranagar, Hyderabad 500 030, India 

Rachilla, the portion joining sterile glumes to palea 
and lemma, in the rice spikelet has been found to 
be an additional source of embryogenic callus and 
transformation. Induction of callus from rachilla was 
distinct in inflorescences of size 3 cm or above. 
Inflorescence length ranging between 3 and 5 cm was 
found to be ideal for induction of callus from rachilla. 
The response was optimum when the florets were of 
2-5 mm. The callus induced from rachilla is lustrous, 
friable and embryogenic, and facilitated much faster 
establishment of uniform embryogenic suspension cul¬ 
tures (3-4 weeks) compared to seed-derived calli (6-8 
weeks). Though the frequency of callus induction 
from rachilla is low compared to mature seed-derived 
calli, the regeneration potential of the former is 
higher. The rachilla callus could be used for bom¬ 
bardment either directly or after establishment of 
suspension cultures. The calli derived from rachilla 
did show advantage over seed-derived calli by 
hastening the process of establishing suspension cul¬ 
tures or for genetic transformation. 

The prospects of genetic improvement of crops through 
nonconventional breeding strategies are increasing with 
the advent of recombinant DNA technologies and 
improved methodologies in cell and tissue culture sys¬ 
tems. Success in the application of genetic transformation 
techniques largely depends on the ability to select trans¬ 
formed cells and regenerate fertile plants from them. It 
is difficult to obtain normal fertile regenerants from 
single cells in monocots in general and cereals in 
particular. Molecular genetic improvement is, therefore, 
directed through the use of protoplasts and through 
bombardment of embryogenic calli till Agrobacterium 
is used as a routine method. Transformation of rice by 
direct delivery of DNA into protoplasts or bombardment 
of suspension calli has been reported recently by many 
laboratories Establishment of embryogenic cell sus¬ 
pensions for isolation of protoplasts is a tedious and 
time-drawn process of 12—16 weeks. Development of 
methods for induction of embryogenic calli and use of 
different explant sources for the purpose has been enu¬ 
merated in rice*\ Of the several explant sources reported, 
mature seeds are the most frequently used due to their 
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ready availability and ease in handling. Immature em¬ 
bryos and inflorescence are also often used due to their 
potential for production of embryogenic callus. Additional 
explant sources and the development of methods for 
formation of embryogenic callus cultures will enhance 
transformation efficiency. We report here the induction 
of callus from rachilla, the portion joining sterile glumes 
to palea and lemma (Figure 1 a) and enumerate the 
relative advantages of this new source of embryogenic 
callus for genetic transformation. 

Immature inflorescences enclosed in boots were col¬ 
lected from the glasshouse-grown plants of eight elite 
rice varieties viz. Rasi, Vikas, Seshu, Jaya, Annada, 
Rasi, IR72 and Vibhava. The boots were surface- 
sterilized for 30 min in 0.1% mercuric chloride followed 
by ethanol. Inflorescences ranging in length from 
1-10 cm were tried. The panicles were dissected out 
aseptically and cultured on MS medium"^ supplemented 
with 3mgT‘ 2,4- dichlorophenoxyacetic acid (2,4-D), 
0.2 mg benzylaminopurine (BAP), SOmgT^ h'ypto- 
phan and 300 mg T* casein enzymatic hydrolysate. Five- 
to-six-week-old calli from rachilla were regenerated on 



Figure 1. a, Rice floret; h, c, d, Gradual stages of callus induction 
from rachilla. 

CURRENT SCIENCE, VOL. 74, NO. 11, 10 JUNE 1998 



RESEARCH COMMUNICATIONS 


solidified MS basal medium supplemented with 2.5 mg 1"^ 
BAP, Imgr* kinetin, 0.5 mg 1"' napthaleneacetic acid 
(NAA), 500 mg T* of casein enzymatic hydrolysate and 
1 g r‘ of proline. Calli from rachilla were also used for 
initiation of suspension cell cultures in liquid medium^ 
supplemented with 3 mg 1“’ 2,4-D, 5 mM proline and 
20 g r* maltose as carbon source. 

For standardization of the transformation protocol, 
callus from rachilla was induced on NBKNB medium^ 
supplemented with 3 mg 2,4-D. The plasmid construct 
pCAMBIA 1301, provided by Dr R. A. Jefferson from 
GAMBIA, Australia, was used for transformation. This 
construct carries a /3-glucuronidase (gus) getie with 
catalase intron and hygromycin-resistance {hpt 11) gene 
for selection of plant tissues both driven by CaMV35s 
promoter. Plasmid DNA was isolated following the 
protocol given in the laboratory manual by Dr H. 
Czosnek (unpublished). DNA was dissolved in TE buffer 
(pH 8.0), checked for its purity at 260 nm and 280 nm, 
and the final concentration was adjusted to 1 |ig/|al for 
ready use. The target calli were transferred to osmotic 
NBKNB medium, supplemented additionally with 
30 g r‘ each mannitol and , sorbitol 4h prior to bom¬ 
bardment. 30 mg of 1/1.6 |i. gold particles (BioRad) were 
presterilized and suspended in sterile distilled water. To 
a 50 \x\ (3 mg) aliquot of gold suspension, 5 |il of plasmid 
DNA, 50 111 of 2.5 M CaCl^ and 20 pi of 0.1 M sper¬ 
midine were added in the same order while vortexing. 
After precipitating in 250 pi of chilled ethanol, the 
particles were re-suspended in 100 pi of the same. An 
aliquot of 7.5 pi x 2 was loaded on to six macrocarriers 
each. Bombardment of the calli was done at 1100- 
1300 psi helium pressure using BioRad PDS 1000 He 
delivery system. The calli were transferred to osmotic-free 
medium (NBKNB) 18 h after bombardment. After 24 h 
the calli were transferred to selection medium NBKNB 
containing 30 mg 1"^ hygromycin. Subculturing was done 
at 10-15 d interval. Transient gus expression in the 
calli was tested after 48 h and stable expression after 
3 cycles of selection. The calli were incubated at 37°C 
in gus assay mixture containing 0.5 mg/ml X-gluc Na 
salt (Biosynth) in 100 mM sodium phosphate buffer pH 
7.0 and lOmM Na^ EDTA. The frequency of transient 
gus expression was observed 12 h after treatment with 
gus stain. The stable transformants were visible 2 h after 
treatment with the gus stain. 

Callus could be induced from immature inflorescences 
in two-to-three weeks of culture on MS medium with 
supplements as mentioned. Proliferation of callus was 
observed from all floral parts including ovary, rachilla 
and the excised ends of the inflorescence rachis. Juvenile 
inflorescences <3 cm long produced a mass of callus 
and it was not possible to distinguish at this stage the 
floral part from which the callus had been derived 
(Figure 2 b). However, it was possible to delineate 


clearly in inflorescences > 3 cm long, the particular floral 
parts giving rise to callus and most distinguishable 
among them being the rachilla-derived callus (Figure 
2 c). In the inflorescence of 3-6 cm length, callus 
induction from rachilla was more clearly visible (Figures 
la,b,c,d). With further increase in length of the 
inflorescence, the enlargement of the ovary was 
more prominent than the rachilla callus. Callus induction 



Figure 2, a, Callus induction from inflorescences of different sizes; 
b, Mass of callus from < 3 cm inflorescence; c, Embryogenic organization 
of rachilla callus; d. Regeneration from rachilla. 
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Table 1. Frequency of callus induction from rachilla (%) 


Variety* 



Floret size (mm) 


2 

3 

4 

5 

6 

Vikas 

9.8 ± 1.8 

21.3 + 10.7 ^ 

16.9 ±9.0 

0 

— 

Seshu 

ND 

26.5 ±0.9 

47.9 ± 12.2 

32.6 ± 13.0 

13.3 ±1.9 

Jaya 

- 

- 

29.4 ±7.5 

29.2 ±4.2 

- 

Ravi 


- 

- 

- 

18.4 ±0.4 

Rasi 

ND 

58.5 ±1.5 

60.4 ±4.5 

56.3 ±6.3 

29.3 ± 0.7 

Vibhava 

16±9 

0 

17.0 ±2.9 


- 

IR72 

5.1 ±0.3 

- 

- 

- 

- 

Annada 

37.2 ± 12.5 

25.9 ±6.2 

19.2 ±8.1 

4.7 ± 6.7 

0 


Data not recorded; ND, Not distinguishable; 0, No response. 
♦Mean of three replicates. 


Table 2. Regeneration of callus from the rachilla and seed 


Variety 

Rachilla 

Seed 

Frequency 

(%) 

Plants/unit 

culture* 

Frequency 

(%) 

Plants/unit 

culture* 

Seshu 

88.9 ±7.9 

15-20 

49.3 ±7.9 

5-10 

Jaya 

45±5 

1-7 

43.5 ±3.5 

1-5 

Rasi 

73.8 ±13.8 

15-25 

13 ±5.1 

3-7 

IR64 

75±0 

8-20' 

56.2 ± 12.9 

2-7 


Mean±S.E.; ♦No. of plants regenerated from equal quantity of callus 
ca. 30 mg. 


from rachilla appears to be varied, depending not only 
on the size of inflorescence but also on the variety 
represented by different cultivars. In the variety Vikas, 
callus induction from rachilla was observed in inflore¬ 
scences of size > 5 cm whereas in Rasi, Seshu, Vibhava 
and Annada rachilla callus was distinguishable even in 
inflorescences of 3 cm size. In IR72, the response was 
less and inconsistent. The varieties Jaya and Rasi also 
responded positively for callus induction from rachilla 
in the inflorescence 5-6 cm size. 

The relationship between the size of the floret and 
the rachilla callus response was examined (Table 1). 
The response was maximum when the floret size was 
in the range 2-5 mm. Callus from rachilla could not be 
distinguished from the tiny florets of 2 rnrii or less from 
other explant sources such as rachis and cut ends of 
inflorescence axis in the varieties Rasi and Seshu. In 
varieties IR72, Annada, Vikas and Vibhava the callus 
from rachilla could be distinguished even in florets of 
2 mm size. Callusing decreased with the increase in the 
size of the floret beyond 5 mm. In rice panicles the 
florets are arranged in basipetal succession. This is 
probably why the point of origin of callus from basal 
florets of the inflorescence was indistinguishable and 
maximum distinguishable response was seen from the 
rachilla of the middle florets (2-5 mm). 

Callus induction and regeneration of plants from im¬ 
mature inflorescences have been reported earlier by Chen 
et alJ, Wang et al}, and Ling and Komamine^. They 
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observed callus induction from immature inflorescences 
of < 3 cm size. The present study also confirms the 
induction of callus from juvenile inflorescence as small 
as 3 cnt or less. It was, however, difficult at this stage 
to clearly pinpoint the origin of callus. Since we studied 
several varieties with varying sizes of inflorescences as 
well as florets, it was possible to trace the exact origin 
of callus in the floral organs. The callus induced from 
rachilla is creamy coloured and well organized into 
embryoids. The size of the embryoids is smaller than 
those of seed-derived callus. Further, the rachilla callus 
is lustrous, friable and embryogenic (Figure 2 c) and 
upon transfer to regeneration medium the rachilla callus 
proliferated rapidly giving rise to nodular structures 
covered with fuzzy hairs. These structures transform 
into shoots (Figure Id). The regeneration frequency 
from calli induced from rachilla and seed embryos was 
compared (Table 2). The regeneration pattern of calli 
from these different explants could be classified into 
two types: (i) lustrous green spots covered with fuzzy 
hairs that gave rise to leaf primordia, and (ii) pale green 
spots with waxy coat giving rise to green structures 
but not leaf-like structures. Calli induced from seed 
embryos showed both types of regeneration whereas the 
rachilla callus showed predominantly the latter type. 
Furthermore, the regeneration frequency was far higher 
in rachilla callus compared to seed-derived callus in the 
varieties Rasi, Seshu and IR64, but it was only slightly 
superior in Jaya (Table 2). Also, the range of plants 
regenerated per unit culture was greater from rachilla 
callus than from mature seed, with the exception of 
Jaya (Table 2). 

Embryogenic suspension cultures offer the advantage 
of mass production as well as for use in transformation 
mediated through protoplasts or biolistics. Poonspaya 
et al.^^ observed that the technique of transferring the 
callus by removing the nonembryogenic callus has 
facilitated the embryogenic callus to grow further and 
thereby allowing more embryogenic callus for regenera¬ 
tion. However, the seed^derived calli from indica type 
are compact and difficult to separate and turned brown 
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when removed mechanically. The young callus from 
rachilla is friable and is an excellent material for initiation 
of suspension cultures. Using the rachilla callus, homo- 



Figure 3. a. Transient gits expression in rachilla callus; Stable 
gus expression after 3 cycles of selection. 


geneous embryogenic suspension cultures could be 
established within 3-4 weeks. The callus from seed 
embryo, due to its compact nature, needed 3-4 subcul¬ 
tures (6-8 weeks) to get a friable callus suitable for 
initiation of suspension cultures. It also involved tedious 
microscopic separation of embryogenic callus to initiate 
suspension cultures. The suspension cultures developed 
from rachilla callus were observed to be qualitatively 
better than those from seed-derived callus, with easily 
disassociating cell clumps. 

Immature embryos and suspension cell clumps are 
most frequently preferred as the target material for 
transformation through particle bombardment for obvious 
reasons. Nevertheless, isolation of immature embryos is 
tedious and laborious and may not be available round 
the year. Embryogenic suspension calli consisting of 
cell clumps with relatively less number of cells have 
advantage of greater exposure to plasmid DNA and 
selection agents and thereby minimizing the nontrans- 
formed escapes during selection^'. Owing to highly 
embryogenic organization, the callus from rachilla pro¬ 
vides excellent material for use in biolistic transformation. 
The friability of the rachilla callus had a distinct 
advantage over seed-derived calli for direct bombardment 
and selecting transformed cells. Six-to-seven-week-old 
rachilla-derived callus when bombarded directly showed 
transient gus expression (Figure 3 a). Observations on 
transient gus expression indicate that the japonica variety 
Taipei 309 is the one with the highest recipient calli 
(83%). Among the indica varieties tested, Seshu (70%) 
and Vikas (67%) showed highest followed by Vibhava 
(54%) and Rasi (28%) (Table 3). After transfer to the 
selection medium, these calli could be cut into small 
pieces to enhance the permeability of the selection agent, 
leading to efficient selection of transformed sectors and 
minimizing the escapes. Selection for two-to-three cycles 
of 10-15 d each were sufficient to eliminate most of 
the non-transformants. The selection was confirmed by 
gus histochemical assay after 3 cycles of selection 
(Figure 3 b). The frequency of transformed calli was 
23.5% and 32% after 2nd and 3rd cycle of selection 
respectively in rachilla-derived callus, whereas it was 
only 8.6% in seed-derived calli after 3 cycles of selection. 
Direct use of rachilla-derived callus for transformation 
reduced the duration of transgenic production. The 


Table 3. 

The gus expression in rachilla callus 
bombardment 

after 48 h of 


Total calli 

% Calli with 

Variety 

bombarded 

blue foci 

Taipei-309 

70 

83 

Vibhava 

67 

54 

Vikas 

87 

67 

Rasi 

62 

28 

Seshu 

lAr 

70 
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compact nature of seed-derived call! in indica varieties 
and problems associated with it can be circumvented 
by direct bombardment of rachilla-derived callus. The 
increased efficiency and rapidity of selection of trans¬ 
formants coupled with its superior regeneration makes 
the rachilla a potential explant source for tissue culture 
as well as transformation studies. Further, for proto¬ 
plast-mediated gene transfer, rachilla-derived calli have 
an additional advantage as the time required for esta¬ 
blishing the uniform embryogenic suspension cultures 
is reduced. With the availability of an additional source 
of embryogenic callus and the attendant advantages, our 
efforts are focussed on further enhancing the frequency 
of callus induction from rachilla for use in genetic 
transformation either through direct bombardment or 
development of embryogenic cell suspensions to isolate 
protoplasts for PEG-mediated transformation or electro¬ 
poration. Because of its superior regeneration potential, 
rachilla callus can also be used for maintenance and 
multiplication of male sterile lines in plant breeding 
programmes. 
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A’^’-C Mismatched base-pairing in 
DNA 

Sukesh R. Bhaumik and Kandala V. R. Chary* 

Department of Chemical Sciences, Tata Institute of Fundamental 
Research, Homi Bhabha Road, Mumbai 400 005, India 

The structural aspects of an antiparallel DNA duplex 
with A^-C mismatched base-pair by molecular 
dynamics calculations are discussed. The A^-C 
mismatched base-pair which has been characterized 
by NMR with two hydrogen bonds namely, A^( 6 NH 2 )“ 
C(3N) and A^(1NH)-C(20), fits into B-form duplex 
with little distortion in the pyrimidine strand. A in 
the A^-C mispair is efficiently stacked to the flanking 
purine bases. Such efficient purine-purine stacking 
provides extra stabilization to this mismatched base- 
pair. On the other hand, C in the mispair is displaced 
from the helix axis while adjacent T (i.e. T7) is 
slightly off because of the enhanced base-pair twist. 
This supports the experimental observation of unusual 
chemical shifts for the H5 and H 6 protons belonging 
to the C of the A^-C mismatched base-pair. 

Mismatches in DNA can arise during replication, and 
in genetic recombination^”"^. If they are not corrected, 
the mismatches may lead to point mutations in subsequent 
replication. There have been several investigations by 
X-ray and solution NMR on purine-purine (A-A, A-G, 
A-I and G-G), purine-pyrimidine (A-C and G-T) and 
pyrimidine-pyrimidine (C-C, T-T and T-C) mismatches 
in oligonucleotides^"^^ The studies on A-C mismatched 
base-pair support that the wobble pair is stabilized by 
A(6NH2)-C(3N) hydrogen bond. Based on the observed 
short nitrogen-carbon distance in the crystal, it was 
suggested that the A-C mismatch pair is stabilized by 
a second hydrogen bond involving INH of protonated 
A and 2CO of C. Though pKa for the protonation of 
A in the free base is approximately 4, it was suggested 
to be higher when A basepairs with C in a DNA 
duplex^'"^'. 

5'TGAGGAAAGAAGGT3' 

3'CCTTCTTTCCTC 5' 

Ml 

In a recent NMR study on the molecular system Ml, 
we have characterized the formation of a stable anti¬ 
parallel duplex at neutral pH with three mismatched 
base-pairs, A^-C, G-T and T-C (ref. 29), The study 
provided the first evidence for the protonation of A(N1) 
site at neutral pH leading to the formation of A’^-C 
mismatched base-pair with two hydrogen bonds, 
A^(1NH)-C(20) and A+(6NH2)-C(3N). 


*For correspondence, (e-mail: Chary @tifrvax.tifr.res.in) 
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5'A, GAAGjS' 

3T,oCCTC,5' 

M2 

In this communication, we discuss the structural aspects 
of an antiparallel DNA duplex with A'^-C mismatched 
base-pair by molecular dynamics calculations. In this 
endeavour, a computer graphics molecular model of five 
base-pair stretch of an unusual duplex, M2, was con¬ 
structed with A^-C mismatch in the middle and two 
Watson-Crick base-pairs on either side. Molecular 
dynamics simulation and energy minimization were per¬ 
formed on the generated structure based on experimental 
NMR constraints. 

Molecular dynamics simulations were performed with 
the DISCOVER (MSI, San Diego, CA). A time step of 
1 fs was used. Initial random velocities were assigned 
keeping in accord with a Maxwell—Boltzmann distribu¬ 
tion. To obtain the starting structure, an initial steepest 
decent minimization of 100 steps was performed on the 
initial structure followed by conjugate gradient minimi¬ 
zation of 1000 steps. This was followed by 200 ps of 
molecular dynamics at 300 K and another 1000 steps 
of conjugate gradient minimization. 

The protocol for molecular dynamics studies is as 
follows. Initial random velocities were assigned with a 
Maxwell—Boltzmann distribution for a temperature of 
500 K. Then the molecule was cooled to 300 K in steps 
of 50 K. After each temperature step, the system was 
allowed to equilibriate for 10 ps. 200 ps molecular 
dynamics trajectory was then generated at 300 K, and 
analysed. 

AldBER force field was used to calculate the energy 
of the system. Electrostatic interactions were calculated 
using Coulomb’s law with point charges. Distance- 
dependent dielectric constant of ‘l*r’ was used, van der 
Waals contributions were calculated with a 6—12 
Lennard-Jones potential. 

An initial B-DNA duplex structure (M2) with the 
sequence of individual strands as S'-d-AjGjAjA^Gj and 
S'-d-CjT^CgCgT,,, was generated using the molecular 
modelling package INSIGHT-II (MSI, San Diego, CA) 
on Iris (Indigo 2) workstation. A3 was protonated at 
Nj atom. This was done by changing the hybridization 
of N, from sp^ to sp^’’' followed by the formation of 
partial double bonds between N, and C^, and C^ and 
atoms of A3. The A”^ thus obtained was recognized 
by DISCOVER. However, charges on A+ are not defined 
in AMBER. Thus, in the first approximation, we have 
assigned the charges of NU—H atoms of A'*' to be the 
same as for N3^-H atoms of C^ The charges for the 
other atoms of A’’' were kept fixed. 

The 5' and 3'-terminals were capped by -OH groups. 
All hydrogen atoms were represented explicitly. The 
hydrogen bonding schematics for various base-pairs have 
been derived from the knowledge of the chemical shifts 

CURRENT SCIENCE, VOL. 74, NO. 11, 10 JUNE 1998 


of the exchangeable imino and amino proton resonances 
in the 'H spectrum^® and their nOe correlations with 
other intra- and inter-strand base protons. The base-pairs, 
A1:T10, G2:C9, A4:T7 and G5;C6 are essentially held 
together by standard Watson-Crick hydrogen bonding 
as derived from the NMR data. The A+-C base-pairing 
has been characterized with two hydrogen bonds 
(A^(6NHj)-C(3N) and A'"(1NH)-C(20)) as shown in 
Figure 1. This is based on the observation of A^INH) 
proton resonance in the ‘H spectrum, which has been 
assigned from the observation of intranucleotide NOESY 
cross peak to A(H2) proton. This was further supported 
from the observation of the nOes such as A3(H2) to 
G2(1NH), A3(H8) to G2(H8), A3(H2) to A4(H2) and 
A3(H8) to A4(H8)2®. 

Molecular dynamics simulation and energy minimiza¬ 
tion calculations were performed on the generated struc¬ 
ture with the interproton distance constraints (32 in 
total; 25 involving exchangeable protons and 7 involving 
nonexchangeable protons) obtained from NMR data. All 
base pairs showed evidence of hydrogen bonding, the 
heavy atoms in the Watson-Crick were restrained in 
the range 2.8-3.25 A. Tight restraints were also used 
that correspond to the strong nOes observed between 
A(H2) and 3NH of the paired T (2.4-3.0 A), and the 
analogous G(INH) and C(4NH2; HB) (2.4-3.0 A). Other 
distances involving exchangeable protons were restrained 
much more weakly, with typical limits of ± 0.5 A. This 
allows for leakage process by exchange with solvent. 
The upper limit is the more important one in these 
instances, as the sequential nOes are limited at the lower 
end by the van der Waals contacts between neighbouring 
base pairs. The nOe distances involving sequential and 
non-exchangeable H8—H8 and H6—H6 protons along 
purine and pyrimidine strands, respectively, were re¬ 
strained in the range 3.40-4.60 A, while A^3(H2)-A4(H2) 
distance was restrained in the range 3.60-4.00 A. 

Two hundred structures were collected at 1 ps interval 
along the molecular dynamics trajectory and they were 
energy minimized. Figure 2 shows the plot of energy 
vs. different structures thus obtained. As seen in Figure 


H 


H 


N-H- 

/ 

\ 

+N-H 


HyN 

N' 


H 


N C 


-H 


N 


© 


N 



0 


cr 


© 


Figure 1. Hydrogen-bonding scheme for A^—C mismatch base-pair. 
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2, the structure at 195 ps on the simulation trajectory 
has the lowest energy. However, there are 10 other 
structures (at 93, 106, 107, 110, 120, 139, 142, 153, 
165 and 189ps) which lie within 2.5 Reals above the 
structure at 195 ps (Figure 2) and have no structural 
diversity as discussed later. Hence, for discussion pur- 



Figure 2. The plot of total energy vs. duplex structures obtained 
after molecular dynamics and energy minimizations. 


pose, the structural aspects of the 195 ps structure have 
been used. The stereo view of the 195 ps structure is 
shown in Figure 3. A3 is efficiently stacked to the 
flanking bases, G2 and A4 as shown in Figure 4. Such 
stacking should give rise to the following nOe interac¬ 
tions: A3(H8) to G2(H8), A3(H2) to A4(H2) and A3(H8) 
to A4(H8). These nOes were indeed observed in the 
NOES Y spectrum,^'^ Such efficient purine-purine stacking 
provides extra stabilization to this mismatched base-pair. 
On the other hand, C8 is displaced from the helix axis 
and this is shown in Figure 4. Further, T7 is also 
slightly off because of the enhanced base-pair twist as 
discussed later. As a result, the C8(H5) and C8(H6) 
protons are less stacked to the flanking base-pairs (T7 
and C9). Such unstacking of C8(H5) and C8(H6) protons 
results in unushal down field shift of their resonances, 
which has been indeed observed in the ^H NMR spec¬ 
trum-'^ ((5 values for C8(H5) and C8(H6) are 6.07 and 
7.89 ppm, respectively), compared to the chemical shifts 
of C6 (d values for C6(H5) and C6(H6) are 5.83 and 
7,74 ppm, respectively) and C9 (6 values for C9(H5) 
and C9(H6) are 5.66 and 7.65 ppm, respectively) present 
in the molecular system. 

The backbone torsion angles of the duplex are listed 
in Table 1. Although this duplex contains A'^-C mispair, 
the torsion angles, a, /?, y and £ are effectively locked 
into gauche~, trans, gauche^ and trans conformations, 
respectively, similar to those observed in B-DNA. The 
torsion angles, d adopt 135° on an average. All the 
glycosyl torsion angles, y (04-Cl'-Nl-C6 for pyrimidine 
and 04-Cr-N9-C8 for purine), adopt anti conforma- 
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tions. In addition, the CT-CT distances are unaffected 
even in the presence of A'^-C mispair and these distances 
are similar to those observed in usual B—DNA. 

The local base-pair roll and twist have significant 



Figure 4. The superimposition of the mismatched A'^3-C8 base-pair 
with the flaaking A4-:T7 and G2:C9 base-pairs. The view is down the 
helix axis. 


structural effects. Table 2 lists local base-pair roll and 
twist of the duplex. There is a large positive roll for 
the base sequence C8-G9 (13.22) and C9-T10 (10.77) 
compared to the rest of the duplex. Such large positive 
roll angles lead to closing the major groove, which in 
turn leads to a sharp kinking in the direction of the 
major groove at C8—C9 and C9—TIO, i.e. at the neigh¬ 
borhood of A'^-C mismatched base pair site. Further, 
the formation of A'*'-C mispair increases the twist angle 
(44°) for A4:T7 base-pair (Table 3) while others are 
about 28° on average. As a result, T7 is slightly off 
with enhanced base-pair twist (Figilre 4). In addition, 
C8 is significantly displaced from the helix axis (Table 
3). It might be the reason for the nonobservance of the 
expected nOe interaction between H6 protons of T7 and 
C8 in the NOESY spectrum^®. However, the energy 
related to the stacking of bases in the duplex is not 


Table I. The backbone torsional angles (in degrees) for the anti- 
parallel DNA duplex with A*-C mismatched base-pair 


Residues a P y 


A1 

_ 

— 

57 

G2 

-73 

177 

57 

A^3 

-66 

-167 

48 

A4 

-67 

176 

62 

G5 

-66 

-180 

54 

C6 

- 

- 

56 

T7 

-72 

-177 

55 

C8 

-69 

176 

60 

C9 

-69 

177 

59 

TIO 

-65 

-178 

55 


(5 

8 

1 

X 

136 

-174 

-102 

56 

135 

179 

-107 

59 

138 

180 

-98 

63 

131 

179 

-106 

62 

137 


- 

58 

136 

-175 

-100 

50 

135 

-177 

-115 

64 

142 

-178 

-115 

68 

139 

178 

-102 

58 

135 

- 

- 

55 



Figure S. The superimposition of 195 ps structure on another 10 structures which he within 2.5 kcals 
above the 195 ps structure on simulation trajectory. 
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Table 2. The local base-pair roll and 
twist of the antiparallel DNA duplex 
with A'^-C mismatched base-pair 


Bases 

Roll 

Twist 

C6:G5 

2.12 

28 

T7:A4 

2.15 

44 

C8-A-^ 

13.22 

25 

C9:G2 

10.77 

30 

T10;A1 




Table 3. X-displacement of the 
individual bases in the antiparallel DNA 
duplex with A^-C mismatched base-pair 

Bases 

X-displacement (A) 

A1 

-1.63 

G2 

-2.01 

A-^3 

-2.56 

A4 

-1.01 

G5 

-1.02 

C6 

-1.41 

T7 

-1.06 

C8 

-0.16 

C9 

-1.47 

TIO 

-1.64 


significantly affected and it is uniform (about 12 
kcals/mole on an average) all along the duplex. 

The aforementioned structure is a snapshot taken at 
195 ps of the MD simulation. The other 10 structures 
(at 93, 106, 107, 110, 120, 139, 142, 153, 165 and 
189 ps), which lie within 2.5 kcals above that of 195 ps 
structure (Figure 2), are superimposed on 195 ps structure 
and shown in Figure 5. All these superimposed structures 
are convergent and there is no structural diversity at or 
near the mismatch site. 

Thus this study provides the conformational rationale 
of the formation of A‘^-C mismatched base-pair at neutral 

pH. 
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Directional proboscis extension: A 
new paradigm for testing gustatory 
responses of Drosophila melanogaster 

Sudipta Saraswati 

Department of Biological Sciences, Tata Institute of Fundamental 
Research, Homi Bhabha Road, Mumbai 400 005, India 

When the taste organs on the legs of flies come in 
contact with acceptable stimuli, the fly extends its 
proboscis. This proboscis extension response has been 
routinely used to study the sense of taste in the 
fruitfly, Drosophila melanogaster. We observed that 
Drosophila exhibits a directionality in leg-mediated 
proboscis extension. The fly extends its proboscis in 
the direction of the stimulated leg when the stimulus 
is an attractant, and away from it when it is a 
repellent. Based on this observation, we have deve¬ 
loped a new paradigm—directional proboscis exten¬ 
sion test. This paradigm has been used for testing 
gustatory responses of Drosophila to different stimu¬ 
lants such as sucrose, NaCl, quinine and amiloride. 
The directional test is more sensitive than the standard 
proboscis extension test. The directional proboscis 
extension test may allow us to study features of 
gustatory behaviour that escape the standard tests. 

The fruitfly, Drosophila melanogaster, and other dip- 
terans have taste organs on the mouthparts (i.e. probos¬ 
cis), tarsal segments of legs and the anterior wing 
margins^ The response of flies to different tastants are 
measured by observing their behaviour and by recording 
the electrophysiological activity of the taste receptor 
cells^"^. Drosophila adults accept water, sugars and low 
concentrations of NaCl. Quinine, KCl and high concen¬ 
trations of NaCl elicit avoidance response in feeding 
behaviour"^^’ 

The scientific investigation on the sense of taste in 
flies began in early twenties with a behavioural obser¬ 
vation by Minnich. In 1921 he observed that when the 
tarsi of legs of nymphalid butterflies are placed in 
contact with a sugar solution, the proboscis is extended^^ 
Minnich also reported that touching of a single long 
curved hair on the proboscis of the blowfly, Phormia 
regina, with sugar solution elicits extension of the 
proboscis^"^. Subsequently, Dethier and his colleagues 
used proboscis extension response to study different 
aspects of gustatory behaviour of the blowfly Similar 
studies have been carried out with D. melanogaste/'^'^'^^, 
In all these studies the proboscis extension test has been 
carried out by applying a drop of solution containing 
the test chemical to tarsal segments of both the pro- 
thoracic legs. The response has been measured by scoring 
the presence or absence of proboscis extension. Yetman 

e-mail: sudipta®tifrvax.tifr.res.in 


and Pollack reported directionality of the proboscis 
extension in Phormia by stimulating individual hairs on 
the proboscis^’. 

We observed that Drosophila exhibits a directionality 
in leg-mediated proboscis extension. The fly extends its 
proboscis in the direction of the stimulated leg when 
the stimulus is an attractant, and away from it when 
stimulus is a repellent. Based on this observation, we 
have developed a variation of the proboscis extension 
test. In this test, both the prothoracic legs are simul¬ 
taneously touched with equal-sized drops of water, one 
or both of which contain the stimulant. The test can 
be used either as a simple response test or a ‘preference’ 
test. This paper describes the use of the directional 
proboscis extension test and compares its sensitivity 
with other tests. 

The Canton Special (CS) strain of D, melanogaster 
was used in the present study. Fly cultures were reared 
on standard cornmeal-yeast medium*^ at 24°C-25°C. 

The proboscis extension response of Drosophila was 
measured using a variation of the protocol described by 
Deak^ Three to four day old flies were starved in the 
presence of moist tissue paper for 17-18 h and then 
anaesthetized by cooling on ice. The fly was mounted 
on a microscope slide, layered with an odour-free plas¬ 
ticine, ventral side up. It was immobilized with myristic 
acid. The preparation was kept in a moist chamber for 
2-3 h to allow recovery. The prothoracic tarsal hairs of 
the fly were touched with deionized water. The interval 
between two consecutive stimulations was at least 3 min 
to avoid the possibility of habituation. The number of 
proboscis extensions in a single fly in response to five 
stimulations was scored. The flies that responded at 
least three times out of five stimulations were taken as 
responders. A set of nine flies was tested in each 
experiment. 

For the directional proboscis extension assay, the fly 
was prepared and mounted on a microscope slide as 
described above. Additionally, the wings, mesothoracic 
legs and metathoracic legs were also fixed onto the 
plasticine. In the usual form of the test, both prothoracic 
legs are simultaneously touched with water with at the 
tip of hypodermic needles, with or without the stimulating 
solute. The unilateral stimulus is randonnized between 
the right and the left side. During the test, care was 
taken so that both legs touched the respective solutions 
at the same time and that neither of the two drops of 
the solution was ever accessible to the proboscis. The 
directions of proboscis extension in a single fly in 
response to five touches was scored. A schematic diagram 
of the test is outlined in Figure 1. 

Table 1 shows the response of an unsatiated fly to 
deionized water. When one of the legs is touched with 
water (unilateral stimulus), 84.3 ±5.09% of extensions 
are directed to the stimulated side and only 5.9 ±3.29% 
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to the contralateral side. When both prothoracic legs 
are touched with water simultaneously, nearly half the 
extensions are medial, the remaining half are randomly 
directed. 

We used the directional extension of the proboscis to 
examine responses to a number of stimulants, both 
attractant and repellent. In these experiments, the pro- 
thoracic legs were simultaneously touched with water 



Figure 1. Diagrammatic representation of directional proboscis exten¬ 
sion test, a, Bilateral stimulation of prothoracic legs, b, Ipsilateral (i.e. 
towards the stimulant), c, medial (i.e. undirected), df, Contralateral 
(away from the stimulus) extension of the proboscis. 


Table 1. 

Responses of unsatiated Drosophila to deionzsed 

water 



Per cent extensions 


Stimulus 

Ipsilateral 

Medial 

Contralateral 

N 

Unilateral 

Bilateral 

84.31 ±5.09 
27.36 + 4.32 

9.80 + 4.16 
48.11+4.85 

5.88 ±3.29 
24.53 ±4.17 

51 

106 


Values are given as meaniS.D, 
N, number of stimulations. 


on one side and a solution of the stimulant on the other 
side. The direction of proboscis extension was noted as 
medial (undirected), ipsilateral (towards the stimulated 
leg) and contralateral (away from the stimulated side). 
The results are summarized in Table 2. 

These results indicate that sucrose is a strong attractant. 
Standard proboscis extension and feeding preference 
tests also give similar results^^’^^ In the directional test, 
when the fly was subjected to simultaneous stimulation 
with 10-^ M sucrose on one side and 5 x lO'^M sucrose 
on the other side, 78.33 + 5.32% of extensions were 
directed towards the higher concentration. Thus the fly 
can discriminate between 10"^ M and 5x 10“^M sucrose 
sensed from two populations of nerves. 

Response to NaCl shows that 7.5 x 10'^ M NaCl acts 
as an attractant to flies in the feeding preference test^^. 
However, the fly avoids the same concentration of NaCl 
in directional proboscis extension test. When stimulated 
with water and aqueous solution of 10"^ M quinine 
simultaneously. Drosophila avoids quinine. In the 
standard proboscis extension test, an aqueous solution 
of 10'^ M quinine does not inhibit water-induced 
extension. Proboscis extension in response to deionized 
water is 91.87 + 2.56. Extension towards an aqueous 
solution of 10"'^M quinine is 89.29 + 2.95. 

Among the three repellents tested, quinine is the 
strongest, amiloride is a weaker repellent than quinine 
but stronger than NaCl. 

In a variety of species, amiloride, a pyrazine-based 
compound, has been shown to block amiloride-sensitive 
sodium channels that are involved in taste transduction^*^. 
The taste hair of Drosophila has four chemosensory 
cells two of which, LI and L2, respond to salts. The 
third sensory neuron (S cell) responds to sugars while 
the fourth (W cell) is believed to detect water^''^’^*’^^ 
Electrophysiological recordings have shown that the LI 
and S cells are not affected by amiloride while the W 
cell firing is inhibited^l We, therefore, examined the 
effect of amiloride on proboscis extension in response 
to water. 

In the standard proboscis extension test, amiloride 
was found to have no inhibitory effect on the water- 
induced proboscis extension. In the directional proboscis 
extension test, however, when the prothoracic legs were 


Table 2. Responses of unsatiated Drosophila to gustatory stimulants in bilateral stimulations 




Per cent extensions 


Ipsilateral 

Medial 

Contralateral 

N 

Sucrose lO'^M 

92,00 ± 3.84 

6.0013.35 

2.00 + 1.98 

50 

NaCl 7.5x 10--M 

13.5914.46 

15.25 ±4.67 

71.18 + 4.97 

59 

NaCl 1 M 

1.4311.40 

7.1413.08 

91.43±3.35 

70 

Quinine IQ-^^M 

2.6611.87 

22.6714.83 

74.67 ±5.02 

75 

Amiloride 5 x lO'^ M 

5.3311.82 

10.6713.56 

84.00 ±4.23 

75 
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Values are given as mean±S.D. 
N, number of stimulations. 


CURRENT SCIENCE, VOL. 74, NO. 11, 10 JUNE 1998 




RESEARCH COMMUNICATIONS 


simultaneously touched with water on one side and an 
aqueous solution of amiloride on the other side, a 
concentration-dependent avoidance to amiloride was 
observed (Figure 2). 

The development of the directional proboscis extension 
assay - a single fly test for studying gustatory behaviour 
in D. melanogaster - has been described in this paper. 
In order to make use of the full potential of the 
neurogenetic approach in understanding behaviour, one 
should be in a position to measure behaviour in a variety 
of paradigms, since different behavioural paradigms 
measure different aspects of behaviour. Yetman and 
Pollack reported that in the blowfly directionality of 
proboscis extension depends on the identity of the stimu¬ 
lated hair on the proboscis However, the present study 
reports the directional sensitivity of chemosensory hairs 
on the tarsal segment of legs in Drosophila, This fact 
has been used to develop a paradigm that can be used 
as a simple response test or a ‘preference' test. The 
sensitivity of this new assay is compared with that of the 
routinely used pai'adigms. The directional proboscis exten¬ 
sion test described here may allow us to study features 
of gustatory behaviour which escape the standard tests. 

The directional proboscis extension test is more sen¬ 
sitive than standard proboscis extension assay. In the 



Figure 2. Effect of amiloride on water-induced proboscis extension 
as measured in the standard test (filled circle) and the directional test 
(open circle). Each point represents mean ± S.D. In case of directional 
proboscis extension test, each fly was stimulated five times and at 
least 45 such stimulations were used to calculate the mean and S.D. 
In case of standard proboscis extension test, each experiment comprised 
at least 9 flies and each fly was stimulated five times. Mean and S.D. 
were calculated from five such experiments. 


Standard assay, aqueous solution of 5 x 10”^ M amiloride 
failed to inhibit water-induced proboscis extension, but 
in the directional assay, the fly avoids amiloride at a 
much lower concentration. Similarly, 10“"^ M quinine 
does not inhibit proboscis extension but affects the 
directional response. It is apparent from the above study 
that Drosophila exhibits a greater sensitivity to repellents 
that are presented as differential gustatory inputs to 
opposite prothoracic legs than to repellents that are 
presented as uniform input through both its legs. 

In directional proboscis extension assay, 5xl0~^M 
amiloride (which inhibits frequency of W cell firing in 
tarsi"^) does not show significant effect on directionality 
of proboscis extension. But the fly showed a strong 
avoidance to aqueous solution of 5xl0“^M amiloride. 
A possible explanation for this apparent discrepancy 
could be that the electrophysiological recordings were 
confined to a limited number of taste hairs on prothoracic 
legs. W cells with higher thresholds of amiloride 
inhibition might be present in other taste hairs. 

Different behavioural paradigms need not elicit iden¬ 
tical response for a given stimulant. It has been found 
that low concentrations of NaCl are attractive in the 
feeding preference test. Maximum attraction was observed 
at 7.5 X 10"“M NaCl (refs 6, 12). However, no attraction 
is evident at any concentration of NaCl in proboscis 
extension test on water-satiated flies^^ On the other 
hand, in the directional test 7.5xlO”^M NaCl evokes 
a strong avoidance. In feeding preference assay^’^\ sensory 
inputs may come from three different taste sensory 
structures: (i) taste hairs of proboscis, (ii) taste pegs of 
proboscis, and (iii) tarsal .taste hairs of legs; whereas 
in the proboscis^ extension assay, the input is only from 
the tarsal hairs of legs. It is possible that the same 
concentration of NaCl may give rise to different sensory 
codes in different sensory structures. For example, the 
electrophysiological responses evoked by 7.5xl0"^M 
NaCl in chemosensory cells of the proboscis might carry 
the sensory code for attraction, whereas the same in 
the tarsal chemosensory cells might code for repulsion. 
Indeed, it appears that the genetic machinery regulating 
the NaCl-induced firing in proboscis and tarsi are dif¬ 
ferent. In mutations like gustE, gustJ and gustF, 
NaCl-induced firing of the chemosensory neuron LI of 
proboscis is specifically reduced"^’^'*’^^. In these mutants, 
tarsal counterpart of the salt neuron, T1 cell response 
does not show any alteration^^’^^. All three mutants show 
a reduction in NaCl-induced attraction response as 
measured in the feeding preference assay^^*^*^’^’. 

Behavioural experiments on the blowfly using attrac- 
tants and repellents^^, imply that excitatory and inhibitory 
inputs are compared at some site in the central nervous 
system. A simple comparator model was postulated to 
explain gustatory behaviour of wild-type and mutant 
D. melanogaster^^. Studies using directional proboscis 
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extension response show that the fly discriminates 
between gustatory inputs from the left and right pro- 
thoracic legs. When the two legs are simultaneously 
stimulated by different concentrations of an attractant 
such as sucrose, the proboscis is extended towards the 
side of higher concentration. When water is paired with 
a repellent such as quinine, the fly preferentially extends 
its proboscis away from the repellent. These observations 
support the idea that chemosensory inputs are compared 
in the central nervous system of the fly. Moreover, 
these results imply that the comparison takes into account 
the chemical nature of the stimuli and the positional 
information of the stimuli. 

Does the directional extension of proboscis play a 
significant functional role in the real life of the fly? 
An increase in the period of food deprivation is accom¬ 
panied by an increase in the locomotor activity of the 
fly. Since tarsal hairs of legs are sensitive to taste 
stimuli, an increase in the locomotor activity allows the 
fly to explore a larger area in search for food‘s In real 
life, while searching for food, the fly might have to 
orient itself towards the food source. Experiments on 
walking blowflies demonstrate that the fly has the ability 
to orient towards sucrose solution^^. Our observations 
on Drosophila in the walking chamber also demonstrate 
that it is able to orient its proboscis as well as its 
whole body towards sucrose solution (unpublished 
results). This suggests that the directional extension of 
proboscis is part of foraging behaviour in Drosophila. 
The question is whether the directional extension of the 
proboscis plays any role in the orientation of the whole 
body towards the food source. One possibility is that 
the orientation of the body towards food depends on 
positive sensory input from the directionally-extended pro¬ 
boscis. In such case directional extension of proboscis 
should precede the orientation of the body. However, 
whether the orientation of proboscis precedes that of the 
fly, or both occur simultaneously, needs to be resolved. 
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Record of hepatopancreatic 
parvo-Iike virus in cultured penaeid 
shrimps of India 

C. V. Mohan, K. M. Shankar, A. Hegde and 
P. M. Sudha 

Fish Pathology Laboratory, Department of Aquaculture, College of 
Fisheries, Mangalore 575 002, India 

This communication provides histopathological evi¬ 
dence for the occurrence of hepatopancreatic parvo- 
Iike virus (HPV) in the hypertrophied nuclei of midgut 
caecum and hepatopancreatic tubular epithelial cells 
of penaeid shrimps cultured in India. 

In the last decade, commercial shrimp farming has taken 
firm root in several maritime states of India. Since July 
1994, the shrimp industry has been bogged down with 
diseases in shrimps, especially of viral etiologySo far, 
more than 12 viruses have been recorded in cultured 
shrimps of the world; a few of them being serious 
pathogens^ 

Scientific information on viral disease of cultured 
shrimps in India began to appear since 1995. However, 
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presently only monodon baculovirus (MBV)^'^ and white 
spot syndrome virus (WSSV)^’^ have been confirmed 
from cultured shrimps. There are unconfirmed accounts 
of several other suspected viruses like yellow head virus 
(YHV) (ref. 7), infectious hypodermal and haematopoetic 


necrosis virus (IHHNV) and hepatopancreatic parvo-like 
virus (HPV) (ref. 8). 

Over the last three years, more than 300 samples of 
Penaeus monodon and P. indicus from east and west 
coast of India have been histologically examined for 



Figure 1 a-e. Section of hepatopancreatic tubule from a sub»adult P. monodon with an advanced infection. Intranuclear inclusion bodies 

(arrow) diagnostic of HPV are numerous in the distal tubule tip. H and E; x 1000. b, Low magnification of a midgut caecum section showing 
few infected cells with basophilic intranuclear inclusions (arrow). H and E; x 400. c, Large, well-developed, basophilic intranuclear inclusion!^ 

of HPV within the hypertrophied nuclei of the epithelial cells of the midgut caecum. H and E; x 1000, d. Developing intranuclear inclusions 

(arrow) in the midgut caecum epithelial cells. The host cell nucleolus can be seen on the periphery of developing inclusion. H and E; x 1000. 

e. Necrosis and sloughing (arrow head) seen in HPV-infected midgut caecum (arrow), H and E; x 1000. 
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white spot diseases. Co-infection with two viruses having 
endoderm-derived tissue tropism (hepatopancreas, midgut 
and midgut caecum) have been observed. In about 35% 
of the white-spot-affected samples, co-infection with 
MBV has been recorded, while in a very small percentage 
(5%) of white-spot-infected shrimp, co-infection with 
virus having diagnostic characteristics of HPV has been 
observed. 

Large, well-developed, basophilic intranuclear inclusion 
bodies were seen within the hypertrophied nuclei of 
hepatopancreatic tubular epithelial cells (Figure 1 a) and 
in the epithelial cells of the midgut caecum (Figure 
1 b and c). Primarily, E-cells of the distal hepatopan¬ 
creatic tubule tip were infected, while the proximal 
portion of the tubules were nonaffected. The host cell 
nucleolus was sometimes seen as a cap on the inclusion 
body (Figure 1 d). Associated with the intranuclear 
inclusions there was sloughing of necrotic cells into the 
lumen of the caecum (Figure 1 e). 

Diagnosis of HPV is dependent upon the histologic 
demonstration of usually a single prominent basophilic 
intranuclear inclusion body in hypertrophied nuclei of 
hepatopancreatic tubule epithelial cells. Consequent 
lateral diaplacement and compression of host cell 
nucleolus, which remains intimately associated with the 
developing inclusion body, is a key morphological char¬ 
acteristic of an HPV-infected nucleus”. The other two 
viruses having tropism for the endoderm-derived hepa¬ 
topancreas and midgut produce intranuclear eosinophilic 
occlusion bodies in the epithelial cells. MBV produces 
single-to-multiple spherical eosinophilic intranuclear 
occlusion bodies, while baculovirus penaei (BP) produces 
single or multiple tetrahedral intranuclear eosinophilic 
occlusion bodies”. 

The observed features with respect to the target tissue 
of viral replication, nature of inclusion body and 
histopathology are similar to the diagnostic characteristics 
of HPV infection. In addition, epithelial cells of the 
endoderm-derived tissues (hepatopancreas, midgut and 
midgut caecum) have been found to be nontarget cells 
for the widespread WSSV by gene probes*^ and in situ 
hybridizationTherefore, it appears that the observed 
co-infection in the endoderm-derived tissues is caused 
by HPV. 


HPV has been described from wild and cultured 
penaeids from several countires in the Asia-Pacific 
region except India". There are records of HPV in north 
and south America; attributed to movement of Asian 
shrimps' and it is now believed to be cosmopolitian in 
distribution". HPV has never been observed alone in 
epizootics with high mortalites, but is frequently involved 
in mortalites associated with multiple agent epizootics. 
HPV appears to be enzootic in Asia, though there have 
been no confirmed reports from the Indian subcontinent. 
This forms the first report, demonstrating the diagnostic 
histological feature of HPV in cultured penaeids of 
India. 

Hepatopancreatic viral syndromes are important 
because they affect the vital organs of shrimp associated 
with digestion, absorption and assimilation. In addition, 
hepatopancreatic viruses like HPV and MBV can be 
easily transmitted in feces through shedding of infected 
host cells. The presence of HPV in cultured shrimps of 
India clearly highlights the need for detailed studies on 
shrimp viruses with special emphasis on their prevalence, 
pathogenesis and transmission. 
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The Collected Papers of Albert 
Einstein — Volume 6— The Berlin 
Years: Writings, 1914-1917. English 
Translation, Princeton University Press, 
Princeton, New Jersey, 1997. 


The series of volumes of The Collected 
Papers of Albert Einstein have been 
appearing over the past l^ew years in two 
streams: the Documentary Edition, where 
all documents are reproduced in their 
original languages, which at least in the 
early phases is mainly German; and the 
English translations, brought out by 
Princeton University Press, with a short 
time lag. Volume 6 of the former, volumes 
1, 2, 3 and 5 of the latter, have been 
reviewed in Current Science (1997, 72, 
413; 1996, 71, 78; 1995, 69, 882). With 
volume 6 of the English translations series, 
highlights of which are reviewed here, for 
the first time only selected items Irom the 
Documentary Edition have been talcen up 
for translation (31 out of 49); and in some 
cases U*anslations existing for many years 
have been directly reproduced. 

The period covered is 1914-1917: It 
opens with Einstein on the long road to 
his final formulation of the general theory 
of relativity. Already behind him were 
his contributions to the quantum theoiy 
of specific heats, the wave-particle duality 
of light based on his energy lluctuation 
formula, and the realization of the need to 
go beyond special relativity in order to 
encompass gravitation; and earlier to these, 
the photon concept, special relativity and 
the theory^ of the Brownian motion. 

The final form of the general theory 
of relativity is dated 25 November 1915. 
But the way there was tortuous. In this 
volume we see the successive stages and 
false steps in Einstein’s thinking about 
the formal requirements to be placed on 
the field equations of matter and of gravi¬ 
tation. In a joint paper of May 1914 
(Document 2), he and Grossmann argued 
that while the equations for matter should 
be generally covariant, those for gravity 
should definitely not be so. It was a 
strange hybrid: much greater symmetry 
for the description of matter and its cou¬ 
pling to gravity than lor gravitation itself! 
The physical reason given was causality: 
since any fully covariant field equations 
for the metric tensor would necessarily 
leave this tensor underdetermined, one 
had to limit the covariance group for 
these equations. They also introduced the 


concept of adapted coordinate systems, 
imposing a nontensorial or noncovariant 
condition which would today be called 
a gauge condition. 

This point of view remained even in 
the lengthy review (Document 9) that 
Einstein wrote in October 1914. While 
the motivations for going beyond the 
Lorentz invariance of special relativity 
towards general covariance are beautifully 
expressed, for gravity itself limitations 
are argued and imposed. For a while it 
was linear coordinate transformations 
alone; and then those general coordinate 
transformations which have unit Jacobian 
determinants. Many deep physical insights 
are of course expressed on the way: in 
small space time regions special relativity 
is always recovered; the demand of 
general covariance can never limit the 
possible physical systems and their laws 
within special relativity, but will only tell 
us how such systems should couple to 
gravity (the germ of the idea of minimal 
coupling); and the realization that with 
general covariance space time coordinates 
are merely event markers not directly related 
to measurements (‘general covariance ... 
takes away from space and time the last 
remnant of physical objectivity ...’). 

By 4 November 1915 (Document 21) 
he was ready to admit the error, for he 
says: Tn this pursuit 1 arrived at the 
demand of general covariance, a demand 
from which I parted, though with a heavy 
heart, three years ago when I worked 
together with my Iriend Grossmann.’ The 
final resolution came in the paper of 25 
November 1915 (Document 25). Here at 
last he would say that the field equations 
for gravity should also be generally 
covariant, and that special choices of 
coordinate systems or of transformations 
with unit Jacobian determinant are merely 
conveniences in certain circumstances. 
And the physical ideas mentioned in the 
previous paragraph were clearly stated 
again: ‘Every physical theory that com¬ 
plies with the special theory of relativity 
can, by means of the absolute differential 
calculus, be integrated into the system of 
general relativity theory - without the 
latter providing any criteria about the 
admissibility of such physical theory.’ 

The first full-fledged account of the 
general theory appeared in the Annalen 
der Physik in March 1916. An English 
translation of this classic of science has 
long been available, originally as a 
Methuen publication, and then since 1952 


as part of a Dover Collection titled The 
Principle of Relativity. This latter is re¬ 
printed here in full as Document 30. Not 
much needs to be said about this well- 
known and well-read piece except that 
one can only marvel at the lucidity, depth 
of understanding and expression that 
Einstein displays at every stage; The 
physical reasons to go beyond special 
relativity, the veiy special role of gravi¬ 
tation—.. gravitation occupies an ex¬ 
ceptional position with regard to other 
forces, particularly the electromagnetic 
forces, since the ten functions representing 
the gravitational field at the same time 
define the metrical properties of the space 
measured’—the formal mathematical 
apparatus of the absolute differential 
calculus, and then the applications and 
arguments leading to gravitational and 
other field equations are so beautifully 
and compellingly conveyed. And here is 
the power of general covariance: ‘... it 
makes us acquainted with the influence 
of the gravitational field on all processes, 
without our having to introduce any new 
hypothesis whatever.’ There is also by 
now complete understanding, acceptance 
and justification of the fact that generally 
covariant field equations for must 
leave them underdetermined! All the 
fundamental physical effects of gra¬ 
vity — generally covariant form of Max¬ 
well’s equations, bending of light, the 
red shift, slowing down of clocks, peri¬ 
helion advance of Mercury-are derived 
and explained just at the very end of the 
exposition. 

Soon after, in a short June 1916 article 
(Document 32), a perturbative treatment 
of the field equations, the recovery of 
the Newtonian limit and the first correc¬ 
tions, are again given. Here is the first 
ever mention of gravitational waves, and 
also this remarkable sentence: *... it 
appears that quantum theory would have 
to modify not only Maxwellian electro¬ 
dynamics, but also the new theory ol 
gravitation.’ 

Documents 34 and 38 comprise 
Einstein’s fundamental contributions in 
1916 to the understanding of the processes 
of emission and absorption of radiation 
by matter. Here he introduces the concepts 
of stimulated and spontaneous emissicn 
of radiation, as part of his attempt to 
give a new derivation of Planck’s law 
by bringing in the ideas of Bohr’s atomic 
thcoiy. With Einstein one can never stop 
quoting, so here is another: ‘.. . the sim- 
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plicity of the hypotheses, the generality 
with which the analysis can be cairied 
out so effortlessly ... seem to make it 
highly probable that these are basic traits 
of a future theoretical representation.’ 
Indeed that is just what happened with 
Dirac’s quantum theory of emission and 
absorption of radiation in 1927. 

Document 42 is a full-scale translation 
of a book on both special and general 
relativity which Einstein wrote in German 
in 1917 for the lay public. It runs into 
178 pages, and what we have here is the 
1961 translation by Robert W. Lawson. 
How seriously Einstein took the task of 
carrying science to the intelligent if non¬ 
expert reader is seen in these words from 
his Preface: ‘The author has spared him¬ 
self no pains in his endeavour to present 
the main ideas in the simplest and most 
intelligible form, and on the whole, in the 
sequence and connection in which they 
actually originated.’ Sadly, such noble tra¬ 
ditions are the hardest to maintain! 

Any listing of the jewels in this Volume 
would include these: the derivation of 
the perihelion shift of Mercury (Document 
24); the final 25 November 1915 formu¬ 
lation of the gravitational field equations 
(Document 25); the A and B coefficients 
in the matter-radiation problem (Docu¬ 
ments 34 and 38); the concept of gravi¬ 
tational waves (Document 32); and the 
first application to cosmology (Document 
43). On political matters there is the 
October 1914 ‘Manifesto to the Europe¬ 
ans’ (Document 8) arguing for a united 
Europe-‘... the time has come where 
Europe must act as one in order to protect 
her soil, her inhabitants, and her cul¬ 
ture’ - which one cannot resist comparing 
with later historical developments and 
even with the situation today. And Docu¬ 
ment 20 from late 1915 titled ‘My opinion 
on the war’ has this telling sentence ‘... 
I consider so called aims and causes of 
war as rather meaningless, because they 
are always found when passion needs them.’ 

One piece unfortunately omitted is the 
set of lecture notes of the Winter 191^ 
1915 course on relativity Einstein gave 
at the University of Berlin. But with a 
book so full of riches, one should not 
complain at all! 

N. Mukunda 

Centre for Theoretical Studies, 

Indian Institute of Science, 

Bangalore 560012, India 


Gearing for Patents: The Indian 
Scenario. Prabuddha Ganguli. University 
Press, Hyderabad. 1998. pp. xvi + 288. 
ISBN: 81 7371 105 4. Price Rs 205.00; 
outside India $ 17.50+ $2.50 (s&h). 


The first of the several quotations used 
by the author is from Eric Hoffer: Tn a 
time of change it is the learners who 
inherit the future. The learned find them¬ 
selves in a world that no longer exists.’ 
Sounds similar to the basic lesson in 
evolution that those species which were 
slow in adapting to change just vanished. 
As I have pointed out often, most Third 
World countries remain Third World not 
because they are poor (well, it is one of 
the reasons, let me admit), but because 
they are unable to adapt to change. Now 
times are achanging and changing rapidly. 
Within a short decade, we saw the dis¬ 
appearance of the Soviet empire leaving 
the world unipolar, and the emergence 
of new trade regimes. The economies 
around the world suddenly became global 
and Narasimha Rao and Manmohan Singh 
had no option but to fall in line, and 
now Vajpayee and Yashwant Sinha cannot 
change course. In the globalized economy, 
Indian industry can no longer live in a 
protected cocoon. It has to survive open 
market competition with far more re¬ 
sourceful players from the industrialized 
countries. The WTO and TRIPS have 
come to stay. 

Survival in the WTO and TRIPS led 
world depends largely on our ability to 
patent our inventions both here and abroad 
and exploit patents and intellectual prop¬ 
erty rights (IPR) of others. How well are 
we geared to meet the challenge? Let me 
quote from the Foreword to this book 
by Raghunath Mashelkar, the CSIR chief: 
Tt is no exaggeration to say that there 
has been no culture of patenting in India, 
and even the awareness about the need 
and significance of patenting has been 
abysmally low, not only in the lay public 
but even among the researchers and tech¬ 
nologists who create intellectual property, 
and the law professionals who would be 
drafting, defending and challenging 
patents.’ Not very encouraging. We need 
to launch a patents literacy mission with 
a sense of urgency, says Mashelkar. No 
one can disagree with him. 

In such a mission, Prabuddha Ganguli 
will be in the vanguard. He has the 
knowledge-almost entirely self-taught 


-and more than that the willingness to 
share it. He has been on the faculty in 
many workshops conducted by organiza¬ 
tions such as the Administrative Staff 
College of India (where he teams up with 
B. Bowonder), TIFAC and the CSIR, and 
he has handled many cases. Working for 
a highly patent-conscious transnational 
company, he has acquired rich experience. 
And in this primer, especially written for 
the Indian audience, he has made a clear 
and coherent presentation of the subject, 
interspersed with examples and real cases. 
He has made some online searches, with 
the help of Makarand Waikar, especially 
for this book. Needless to say, even 
novices can go through the book and 
learn the basics. 

Apart from the main text, divided into 
17 chapters, there are nine appendices. 
The last appendix is an annotated reading 
list prepared by John Peter of ASCI, 
Hyderabad. There is a glossary and a list 
of countries which are signatories of 
WTO. Examples of complete patent speci¬ 
fications, selection patent, main patent, 
patent addition and how a patent appears 
in the Gazette of India are given. The 
author emphasizes the need for acquiring 
skills for searching patents and draws 
attention to the role patents play in com¬ 
petitiveness. In general, the book owes 
its strength to the many examples and 
practical suggestions. I wish the author 
had drawn attention to Francis Narin’s 
work on patent-based indicators, which 
had been reported more than once in the 
New York Times and Business Week //i- 
temationaL A chapter on international 
patenting would have greatly enhanced 
the value of the book. 

There are some minor lapses. For ex¬ 
ample, Amaco, an American oil major, 
is spelt Amco (an Indian battery manu¬ 
facturer) and Abbott is spelt with a b 
short. Boxes which could have been 
printed in a single page are split into 
two parts and appear in two pages. The 
text in the boxes could have been set in 
a font different from that of the main 
text. Surely these will be taken care of 
in the next edition, which I expect to 
come out soon. In bringing out the second 
edition, the publishers will have enough 
time for an editor to go through the text 
to remove the few problems that would 
remain in the first edition of any book 
with a deadline to meet. Let me assure 
the readers that these lapses in no way 
detract the tremendous relevance of the 
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book. I urge all academic, research and 
industrial and even public libraries in 
India to order a copy straightaway. At 
this price it is a cinch of a buy. 

SUBBIAH ARUNACHALAM 

Department of Humanities and Social 
Sciences, 

Indian Institute of Technology, 

Chennai 600 036, India 


The Web of Life. G. Padmanaban, M. 
Biswas, M. S. Shaila and S. Vishveshwara 
(eds). Harwood Academic Publishers, 
Rijswijkstraat 175, 1062, E. V. Amster¬ 
dam, The Netherlands. 1997. Price: $57. 

161 pp. 


The point is that ‘aW known material 
processes and explanatory principles 
apply to organisms, while only a limited 
number of them apply to non-living sys¬ 
tems. . .. Biology then is the science that 
stands at the centre of all science.. .. 
And it is here, in the field where all the 
principles of all the sciences are embodied 
that science can truly become unified. 

G. G. Simpson, 
This View of Life, 1964 

In 1964, the above rather audacious as¬ 
sertion would have been appreciated by 
some biologists but stunned the vast 
majority of non-biologists into total dis¬ 
belief. Today the picture is considerably 
different and the vastness and centrality 
of the scientific space occupied by modem 
biology is much more widely recognized, 
thanks largely to the post-1964 develop¬ 
ments in molecular and cellular biology 
which have tremendously broadened the 
scope of detailed analysis and manipula¬ 
tion of genomes, and given rise to a host 
of new ethical, legal and social issues 
and anxieties concerning the future course 
of human civilization. 

It is not very surprising, therefore, that 
a series of anthologies entitled, ‘Perspec¬ 
tives in Science and Engineering’, which 
would seek to explore the relationship of 
science and engineering with human civi¬ 
lization, and which is to be edited by an 


engineer (S. K. Biswas) and an astro¬ 
physicist (C. V. Vishveshwara), has The 
Web of Life as its first volume. This 
book explores and celebrates the pivotal 
role of modem biology in providing 
inter-connection and inter-relations among 
widely separated fields of knowledge 
ranging from virology to immunology, 
from stress biology to thermodynamics, 
from the unifying triumphs of reductionist 
molecular biology to the political econ¬ 
omy of sciences and the limitation of 
reductionist biology, from the necessity 
of biodiversity for human welfare to the 
implication of human molecular genetics 
concerning liberty and equality. Each of 
the ten essays in the book makes many 
an interesting, often provocative, point 
which merits further discussion. I shall 
comment on only two - reductionism and 
human rights in the context of biology. 

At least three essays (Mackay, 
Padmanaban 8i Shaila, and Anita & 
Suresh Rattan) have felt it necessary to 
adversely comment on reductionism in 
biology. This is rather surprising consid¬ 
ering that most of the conceptual as well 
as technological triumphs of modem 
biology are based on the knowledge 
gained through the implementation of the 
reductionist agenda. This knowledge has 
given rise to the concept of a self- 
replicating and evolvable genetic pro¬ 
gramme encoded in the nucleotide 
sequence of DNA and implemented 
through the expression of individual 
genes. This concept has unified functional 
and evolutionary biology. Recent deve¬ 
lopments in comparative genomics can 
hardly leave any reasonable doubt that 
all biological diversity is traceable to 
evolutionary changes in a common 
ancestral programme. Similarly, recent 
progress in such areas as developmental 
biology, neurogenetics, psychoneuro¬ 
immunology and signal transduction 
should explain those aspects of functional 
biology (such as the coordinated, goal- 
oriented functioning of the different parts 
of a living organism, and the so-called 
emergent properties) which arise at higher 
levels of organization and which are often 
believed to require special explanatory 
principles beyond the reach of the reduc¬ 
tionist knowledge. At least in the case 
of simple model organisms like bacteria, 
where the nucleotide sequence of the 
entire genome is now known in several 
cases, the prospects of determining the 
functions of each gene and the regulatory 


circuits based on a variety of interaction 
between these genes, their products and 
the environments, and synthesizing this 
knowledge to explain the functioning of 
the entire cell, are not negligible, in spite 
of the enormity of the task because of 
complexity of the systems. The whole is 
certainly more than the arithmetic sum 
of its parts but once the nonlinear inter¬ 
actions between the parts and the various 
feedback loops are elucidated and added 
to the sum, there remains no conceptual 
problem in explaining the whole in terms 
of the parts. If that conflicts with one’s 
political or religious beliefs, or with an 
exaggerated belief in the efficacy of 
mathematics, then, may be, there is a 
need to re-examine the bases of these 
beliefs. That may help in forming a more 
coherent world view. 

Marliere and Mutzel have pointed out 
that the application of modern biology 
to certain sensitive areas of society may 
make the nature of man appear incom¬ 
patible with the democratic ideals of lib¬ 
erty, equality and solidarity among human 
beings, as formulated in the eighteenth 
century Europe. This is a legitimate and 
serious concern. However, there is nothing 
in modem biology in general, and human 
genetics in particular, that is incompatible 
with the ideals of liberty and solidarity. 
Even the ideals of equality before law 
and equality of opportunity are quite con¬ 
sistent with genetic knowledge and would, 
in fact, be suggested as imperatives for 
maintaining social harmony required for 
long-term survival and well-being of 
humanity. The difficulty arises only when 
it comes to the assertion that all humans 
are created equal. This goes against the 
fact of genetic uniqueness of every human 
being. As Ernst Mayr has argued (The 
Growth of Biological Thought, 1982, p. 
79) the ‘enlightenment’ ideal of ‘equality’ 
of all men developed in the West at a 
time when the thinking of Western man 
was largely dominated by the ideas of 
the physics-based scientific revolution 
which included essentialistic thinking (a 
belief in the essential identity of all mem¬ 
bers of a class, as in the case of particles 
in a classical ensemble). This dichotomy 
between physical identic ism and biologi¬ 
cal uniqueness had been recognized by 
biologists even earlier. Haldane and 
Dobzhansnky (cited by Mayr) had pointed 
out that the ideals of ‘equality before 
law’ and ‘equality of opportunity’ could 
help resolve this dilemma. Achievement 
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of these ideas would require some kind 
of affirmative social policies in favour 
of the genetically disadyantaged. These 
may include, specially designed educa¬ 
tional packages, privacy of genetic infor¬ 
mation, and non-discriminatory insurance 
and employment policies. Such policies 
may be opposed by special interest groups 
such as taxpayers and company share¬ 
holders in a no-holds-barred market econ¬ 
omy but resisting such pressures may be 
more appropriate than demanding a ban 
on genetic knowledge which can benefit 
humanity in so many ways. Indeed, a 
ban on knowledge is against the very 
spirit of enlightenment. 

Finally, it is somewhat ironical (though 
not very unusual) that a book that cele¬ 
brates the wide-ranging explanatory pow¬ 
ers of modern biology should be called 
‘The Web of Life" (emphasis added). For, 
as has been argued at many places (for 
instance, see The Logic of Life by Francois 
Jacos, 1974), one of the major conse¬ 
quences of the growth of modern biology 
has been that ‘life’ is no longer regarded 
as a scientific concept. Biologists today 
study ‘living systems’ and ‘living proc¬ 
esses’ but not ‘life’. Let me elaborate. 
The concept of ‘life’ was introduced into 
science in early 19th century as a pos¬ 
tulated (vital) force, present in every 
individual living organism which enabled 
its different parts to function in harmony 
until death; this force was responsible 
for the highly ordered structures and proc¬ 
esses in living beings and for the special 
position occupied by the atoms in organic 
molecules; it (life) was a somewhat magi¬ 
cal, transcendental entity associated with 
the whole organism as long as it lived. 
Progress in biology, starting with the Cell 
Theory developed in the middle of the 
19th century and ending with the birth 
of molecular biology in mid-twentieth 


century, has relentlessly argued against 
the existence of any such force. Living 
systems now have flow of information, 
energy and matter but nothing that can 
be defined as ‘life’. 

In conclusion The Web of Life, even 
though somewhat unhappily titled, is 
mostly a good read. The quality and 
content of the essays is somewhat uneven 
but each has useful information and 
thought-provoking ideas. Some of these 
are quite original. The editors have done 
a good Job. One can recommend this 
book to both biologists and non-biologists. 
I, for one, would eagerly look' forward 
to other volumes in the series. 

S. K. Mahajan 

Molecular Biology and Agriculture 
Division, 

Bhabha Atomic Research Centre, 
Trombay, 

Mumbai 400 085, India 


Microclimate for Cultural Heritage. 

D. Camuffo. Consignlio Nazionale delle 
Ricerche, Instittuo di Chimica e Tcno- 
logie, Inorganiche e dei Materiali Avan- 
zati, Corso Stati Uniti 4, 35127, Padova, 
Italy. 1998. Price: US $ 227. 428 pp. 


This is a useful microphysics handbook 
for conservators and specialists in physics, 
chemistry, architecture, engineering, 
geology and biology dealing with the 
environment and works of art. It gives 
a rigorous treatment and a background 
familiarity with the underlying physics 
behind mathematics, giving a detailed 
description and interpretation of the main 
micro-physical phenomena, removing un¬ 


sound popular beliefs. The bases are given 
for non-destructive diagnostics to evaluate 
causes of damage determined by atmos¬ 
pheric factors, as well as negative con¬ 
sequences of the unsound use of 
technology and mass tourism. To this 
aim, suggestions are given on the fun¬ 
damental principles in designing heating, 
air conditioning, lighting and in reducing 
the deposition of pollutants on works of 
art. 

Further, theoiy and experience are cou¬ 
pled to describe the complex condensation 
mechanisms and the fundamental role 
played by water in the stone deterioration 
and the formation of crusts on monu¬ 
ments. Urban meteorology, air-surface 
interactions, atmospheric stability, disper¬ 
sion and deposition of airborne pollutants 
are also key topics of this book, for 
which the main aim has been to rhake 
comprehensible to a wider audience a 
matter that is only familiar to a few 
specialists. 

This book combines a theoretical back¬ 
ground with many years of accurate labo¬ 
ratory research, field surveys and practice. 
The .first part^ devoted to applied, theory, 
is a concise treatise on microphysics, 
which includes a survey on the basic , 
ideas which are necessary for environ¬ 
mental diagnostic and conservation. The 
second part .bf the book focuses on the 
practical utilization and shows in detail 
how' field surveys should be performed, 
with ma;ny suggestions and examples and 
the indication of some common errors 
that should be avoided. . 


National Institute of Oceanography, 
Dona Paula, 

Goa 403 004, India 


M. R. Nayak 


1022 


CURRENT SCIENCE, VOL. 74, NO. 11, 10 JUNE 1998 




mSTORICAL NOTES 


Professor Puran Singh (1881-1931): Founder of chemistry of forest 
products in India 


H. S. Virk 

Early life 

Professor Puran Singh was bom on 17 
February 1881 in a small village, Salhad, 
district Abbotabad, now in Pakistan.. He 
was -a brilliant student arid passed’his 
F.A. (equivalent to 10 + 2) examination 
in 1899 from DAY College, Lahore. In 
1900, he Joined .as a special student of 
pharmaceutical chemistry in Tokyo Uni¬ 
versity, Japan. He was sponsored for 
higher studies neither by the British-. 
Indiari Government nor by.any Maharaja 
or . Nawab of Indian state, as was the 
common practice those days, but by the 
enlightened elite of Rawalpindi town in 
Punjab. This was rare and unique gesture 
on the part of the Sikh community to 
pool together resources to send abroad 
two . young Sikh boys, Damodar Singh 
and Puran Singh, for higher training in 
science- and technology to promote 
industrial development of Punjab during 
the British rule. Damodar Singh was 
selected for electrical engineering and 
Puran Singh for chemistry and glass tech¬ 
nology* 

In Tokyo University, Puran Singh regi¬ 
stered himself as a special diploma student • 
in pharmaceutical chemistry. He studied 
both German and Japanese languages, as 
the medium of instruction for science and 
, technology was German in Japan in those 
days. Puran Singh was a highly volatile 
and emotional young man. First he 
became a Buddhist monk while on the 
rolls of Tokyo University in Japan and 
then a Vedantin after a chance encounter 
with Swami Rama Tirtha, who was on 
a lecture tour of Japan in February 1902. 
He organized an Indo-Japanese club , in 
Tokyo and started a revolutionary journal 
Thundering Dawn to focus on the plight 
of Indian masses under the British 
imperialism. Puran Singh also met other 
India! revolutionaries in Japan, for 
example, Kulkarni from Pune and Rama 
Kant Roy from Bengal. So, when Puran 
Singh returned to India in September 
1903 he was captured and imprisoned by 
the British after he landed in Calcutta. 
His parents got him released and took 
him to Lahore. 

There was hardly any opportunity for 


a foreign-trained scientist in the early 
twentieth century Punjab. Puran Singh’s 
parents were poor and burdened with the 
debt they owed to their community for 
providing funds for his training in Japan. 
To pay off the debt, he set up a distillation 
plant for the preparation of essential oils 
in Anarkali bazar of Lahore in 1904. 
After some quarrel with his financiers, 
he dismantled .the manufacturing unit and 



joined as Principal of Diamond Jubilee 
Hindu Technical School in Lahore. In 
. 1906 he moved to Dehradun and set up 
a soap factory at Doiwala., This unit was 
later sold to a minister of Tehri-Garhwal 
state. 

Research work at Dehradun 

In April 1907, Puran Singh joined as a 
forest chemist in the newly created 
department of Chemistry of Forest Prod¬ 
ucts (CFP) in Forest Research Institute 
(FRI), Dehradun. He worked there till 
1918 and made significant original con¬ 
tributions to research, which were pub¬ 
lished mostly in Indian Forester and 


Forest Bulletin of FRL He published 53 
research papers and reports on various 
aspects of CFP. The British Government 
held an enquiry into his involvement in 
activities of Punjabi and Bengali revolu¬ 
tionaries, who took refuge in Dehradun. 
Fortunately, he came out unscathed in 
this enquiry, but he took voluntary 
retirement on health grounds as Imperial 
Chemist of FRI, Dehradun. 

Puran Singh’s work can be classified 
into the following four categories for sake 
of discussion. 

Studies on essential oils and fats 

After his return from Tokyo, Puran Singh 
set up a distillation plant in Lahore for 
preparation of essential oils, viz. geranium 
oil and citrus oil. He had no sophisticated 
equipment in Laiiore and utilized earthen 
pots and metallic vessels available with 
local potters and blacksmiths. He achieved 
success in his mission and the product 
was marketable in Lahore and London. 
However, this enterprise failed, as the 
business partners could not pull together 
for long. 

After joining FRI in 1908, Puran Singh 
started his research activity in this domain. 
He worked on the isolation and analysis 
of essential oils from Eucalyptus globulus, 
khus, geranium, winter-green, sandalwood 
and camphor. For distillation of camphor 
oil, a new condenser was designed and 
developed by him. He collected a variety 
of oilseeds of forest origin and estimated 
their fat and oil contents. He studied the 
oil value of sandalwood grown in the 
then Madras state and suggested improved 
methods of cultivation and extraction to 
promote the sandalwood oil industry. 

After his retirement from FRI, he 
devoted himself to the promotion of 
essential oil cultivation and its industrial 
production in India for export purposes. 
Puran Singh was employed by Maharaja 
Scindia of Gwalior during 1919-23. He 
started cultivation of Rosha grass (gera¬ 
nium) and E. globulus in the barren lands 
of the state and set up a factory to extract 
oil, which was marketed in India 
and exported to England by ‘Volkart 
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Brothers’. The British Govt was so 
impressed by his ingenuity and enterprise 
that Puran Singh was offered 15 squares 
of land (morabbas) on lease in the district 
of Sheikhupura (now in Pakistan) for 
cultivation of Rosha grass for extraction 
of motia oil. He extracted terpentine oil 
from Pinus khasya, Pinas excelsa and 
Pinas merkusii and recommended the 
medicinal use of essential oils. 

Production of tannins 

Puran Singh took special interest in 
improving the quality and production of 
tannins in India. He published more than 
two dozen reports on tannins in Indian 
Forester, Forest Bulletin and Indian 
Forest Memoirs. He made an extensive 
survey of Indian forests from the Hima¬ 
laya to Nilgiris and identified various 
plant varieties for extraction of tannin. 
Studies were carried out on tannins of 
mangrove {Rhizophora muocranata), 
myrobalans, Arwal (Cassia auriculata), 
Indian oak and walnut. Katha was manu¬ 
factured from khair forests and dead wood 
of acacia. 

In India, tannins were estimated by 
local manufacturers using hide powder. 
Puran Singh introduced the use of freshly 
prepared nickel hydroxide for the analysis 
of tannin. He also studied the effect of 
addition of fat to tannin extract and the 
effect of storage on tanning materials. 

Studies on drugs and 
pharmaceuticals 

Puran Singh specialized in pharmaceutical 
chemistry from Tokyo University in 1903 
and his interest continued in the cultiva¬ 
tion of drug-yielding plants in Indian 
forests. A report was published in Indian 
Forester during 1913 highlighting this 
aspect. Camphor content of Cinnarnomum 
camphora grown at FRI, Dehradun was 
determined. Therapeutic value of some 
essential oils, e.g. sandalwood and win- 
tergreen, was assessed by Puran Singh. 
He also studied the effect of mineral salts 


as fish poison. He studied the earth-eating 
habits of Indian deer and drew some 
conclusions about this tendency of Indian 
women during their pregnancy. 

Miscellaneous research activities - 

Puran Singh carried out his investigations 
in various fields. He reported his results 
on analytical constants of shellac, lac, 
resin, catechin and lac wax in the Journal 
of Chemical Society during 1910. He 
carried out calorimetric tests on Indian 
woods, which proved to be of high scien¬ 
tific value. He prepared wood-tar and 
determined composition of cearra rubber 
from Coorg state. Along with R. S. Pear¬ 
son, he prepared charcoal briquettes from 
Indian woods in 1918, a technique now 
revived by scientists of IIT, New Delhi 
under a programme on efficient use of 
fuelwood. 

Puran Singh worked as a sugar chemist 
in the sugar mills of Sir Sundar Singh 
Majithia in Sardarshahr near Gorakhpur 
during 1923-25. He patented a novel 
technique for decoloration of raw sugar 
without the use of bone charcoal, which 
was an anathema to the Indian Brahmin. 
Puran Singh had no research facility and 
approach to scientific journals during this 
period and it was an act of his genius 
to discover a new technique in sugar 
chemistry. He presented the report of his 
new discovery at the Indian Science 
Congress session held at BHU, Varanasi. 

Puran Singh was critical of British 
policy of science and technology in India. 
In an open letter to Sir John Simon (of 
Simon Commission fame), he summed 
up his viewpoint which has relevance 
even today. ‘Scientific research should 
never be departmental. It should be sur¬ 
rounded by the whole world’s critical 
atmosphere where no third class 
mediocres be able to breathe. To make 
Imperial Departments of science and tech¬ 
nology is immoral. Research should be 
handed over to the Universities in India.’ 

Puran Singh died at the relatively young 
age of 50 years on 31 March 1931 in 


Dehradun. He was a founder of chemistry 
of forest products in India. He set up 
essential oils industry in Punjab and cre¬ 
ated a research laboratory of CFP of 
international standards from scratch. He 
developed indigenous instruments for his 
research work and did not bother to 
import sophisticated equipment from 
Europe. 

Puran Singh is acclaimed as a great 
mystic poet in Punjab. He is also called 
the Tagore of Punjab. He wrote more 
than three dozen books in Punjabi, Hindi 
and English. He was a trend-setter in 
Punjabi literature and tried his hand at 
poetry, prose, novel, drama, translation, 
criticism, scientific and religious essays. 
He was a great friend of Tagore, Iqbal 
and Raman. C. V. Raman used to stay 
with Puran Singh in Dehradun and he 
was called ‘Raman of the Raman rays’ 
in his household. 

Punjabi University, Patiala has publish¬ 
ed all the literary works of Puran Singh, 

I wish FRI, Dehradun bring out a special 
volume to highlight the scientific contri¬ 
butions of Puran Singh. 
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In this issue 


Heart-rending signals 

Heart attacks are caused by reduc¬ 
tion in blood supply as a result of 
occlusion of the lumen of coronary 
arteries which supply blood to the 
heart. Coronary artery disease, in 
more than 90% of instances, is the 
consequence of fatty deposits and 
degeneration in the vessel wall. 
Atherosclerotic coronary artery dis¬ 
ease is often associated with an af¬ 
fluent lifestyle, characterized by a 
high intake of calories and fatty 
foods, inadequate physical exercise, 
chronic smoking, and increased 
mental stress. Obviously, coronary 
heart disease (CHD) ranks at the top 
among the major causes of mortality 
in adult' population in developed 
countries. 

Almost a decade ago, a survey 
conducted among south Asian 
populations settled in the United 
Kingdom revealed a high rate and 
early occurrence of CHD in Indian 
immigrants. A surprising finding in 
the study was the lack of correlation 
between high risk in south Asians 
and well-known risk factors such as 
smoking, high blood pressure, ele¬ 
vated blood cholesterol and clotting 
elements in blood. The clinical pic¬ 
ture in Indians was not different 
when compared with that of Europe¬ 
ans. However, the extent and sever¬ 
ity of lesions in coronary arteries 
were reported to be greater. 

Subsequent studies in the United 
Kingdom and the United States re¬ 
vealed that immigrant Indians have a 
3-4 times higher rate of CHD than 
the native population as well as 
other ethnic groups. Mortality from 
CHD in Asian Indians living in 
Britain is 38% higher in men and 
43% higher in women when com¬ 
pared to Europeans. The increased 
risk is explained in part by the ten¬ 
dency for Indians to have the fat 
deposited around the mid-riff 
(abdominal obesity), increased 
prevalence of diabetes mellitus, 
lesser amounts of protective and 


‘good’ cholesterol and higher levels 
of a factor (plasminogen activator 
inhibitor-1) which interferes with 
normal mechanisms of lysis of blood 
clots. The general consensus is that 
Indians have a genetic predisposi¬ 
tion for coronary artery disease. 
Cardiologists warn that as migration 
from rural to urban areas increases 
and Indians adopt a westernized 
lifestyle, there is the ominous 
chance of an epidemic of cardiovas¬ 
cular disease in India, specially 
among the urban population. Deaths 
from cardiovascular disease in India 
are currently equal to that in all de¬ 
veloped countries combined to¬ 
gether. An estimate by World Health 
Organization predicts that mortality 
due to cardiovascular disease would 
double by 2015. 

This issue features seven reports 
on coronary artery disease in Indi¬ 
ans. J. Dhawan and S. Petkar (page 
1060) assess the magnitude of the 
problem of CHD in south Asians in 
the UK. They also examine the dif¬ 
ferences between south Asians and 
other ethnic groups in the clinical 
presentation of the disease as well as 
in the association with known risk 
factors. S. Krishnaswami (page 
1064) analyses the profile of pa¬ 
tients and coronary risk factors seen 
over a period of thirty five years at a 
tertiary care facility. He observes a 
steady increase in the number of 
patients being admitted for CHD 
when compared to other heart prob¬ 
lems. The differences in the preva¬ 
lence and risk factors for CAD 
between rural and urban areas of 
north India are portrayed by S. L. 
Chadha (page 1069). Rajeev Gupta 
and V. P. Gupta (page 1074) present 
what they learnt from a community- 
based epidemiological study in 
western India. Both the surveys re¬ 
veal a higher prevalence of CHD in 
the urban population. Hypertension, 
diabetes mellitus and obesity are 
also more prevalent in the urban 
areas. D. Mohanty et al (page 
1078) record the prevalence of mu¬ 


tation in the gene coding for coagu¬ 
lation factor V in young Indian 
patients with myocardial infarction. 
Enas A. Enas apprises (page 1081) 
that Asian Indians in the United 
States have considerably higher 
rates of incidence, prevalence and 
mortality from CHD than the general 
population. He focuses on the, para¬ 
dox of the association of high rates 
of CHD among Asian Indians with 
low rates of conventional risk fac¬ 
tors. He feels that conventional ap¬ 
proaches to prevention and 
treatment may be insufficient to re¬ 
duce the burden of CHD in Asian 
Indians, since intense modification 
of lifestyle has not reduced the high 
rates of CHD in Indians in the 
United States. D. Bhatnagar (page 
1087) discusses the possible causa¬ 
tive factors for increased risk of 
coronary artery disease in South 
Asians. He critically scans the evi¬ 
dences for the hypothesis that Indi¬ 
ans have a genetic predisposition for 
CAD and draws attention to the un¬ 
answered questions in the puzzle of 
increased risk for CHD in Indians. 

There is compelling evidence 
which suggests that immigrant Indi¬ 
ans develop severe atherosclerotic 
coronary artery disease, 5 to 10 
years earlier than other populations. 
This is despite the low prevalence of 
conventional risk factors among 
them. Whether the same is true for 
Indians living in India needs to be 
confirmed. There is a paucity 
of large-scale community-based 
epidemiological studies of CHD in 
Indians living in India, particularly 
on incidence of CHD and investiga¬ 
tions which address the role of ge¬ 
netics and risk factors such as 
infections. Nevertheless, there is no 
reason to delay implementation of 
preventive strategies and advocate 
lifestyle changes for the young and 
the middle-aged urban population of 
India. 

R. S. Vasan 
C. C. Kartha 
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Physiology and overcrowding 


The commentary ‘Physiology and over¬ 
crowding’ by P. Balaram (Ciirr. Sci., 
1998, 74, 492) was appetising enough 
for me to read the paper ‘Influence of 
group density and sex ratio on the im¬ 
mune response in the tilapia Oreo- 
chromis mossambicus (Peters)’ by 
Ravikumar and Michael {Curt\ ScL, 
1998, 74, 534-537). While I found the 
design of the experiments interesting, I 
was disappointed to see serious loop¬ 
holes in the presentation and interpreta¬ 
tion of the results. These are listed as 
follows: 

(a) Even as sex ratio has been demon¬ 
strated to govern immune response 
(Figures 2-6), the sex ratios of the 
animals used in Figure 1 have not 
been stated. If the animals were 
picked up at random, the unstated 
sex ratios in Figure 1 could have 
been 1:1. But if such were the case, 
the effect of group density on im¬ 
mune response would not be mani¬ 
fest as the results shown in Figure 
6 would suggest. 

(b) Every figure legend deals with im¬ 
mune response to ‘S-BSA’. But the 
prefix ‘S’ in the absence of any 
explanation has remained elusive 
throughout the paper. 

(c) In Figure 4 even as the legend sug¬ 
gests the experiment to be female 
dominant, the figure itself shows 
equal numbers of males and fe¬ 
males, viz. 20 each. I guess this 
should nave been male (10) and 
female (20). 

(d) In Figure 6, the symbols used in the 
graphs have failed to be indicated 


against their captions. This does 
not allow the reader to correlate 
a graph with the group it repre¬ 
sents. 

(e) A new branch of science can give 
new interpretation for old observa¬ 
tions. However, new awareness 
cannot account for the contradic¬ 
tion in results seen by different in¬ 
vestigators as long as the 

experiments have been done in the 

same way. Therefore, to say that 
the immunosuppression seen by 
Pelmutter et al. (1993) and by 
Mcleay (1975) vs the im- 

munostimulation seen by Raviku¬ 
mar and Michael in 1998 can be 
rationalized by the new branch of 
psychoneuroimmunology is not 

correct. As a matter of fact, the 
proposed theory of pheromones to 
explain immunomodulation with 
group density lacks credibility. The 
authors must demonstrate that a 
volatile immunostimulant in tanks 
overcrowded with fish can stimu¬ 
late immune response in fish living 
at low density. An elegant intercol¬ 
ony communication system in yeast 
and its even more elegant experi¬ 
mental investigation is worth see¬ 
ing in ‘Ammonia mediates 
communication between yeast 
colonies’ (Palkova et al. Nature, 
1997,390, 532). 

I hope the authors will come forward 
with the true mechanisms for their excit¬ 
ing observations as also for the contra¬ 
dictions between their results and the 
ones described in previous literature. 


The editorial vigilance of Current Sci¬ 
ence needs to be kindled. 

Dinkar Sahal 

International Centre for Genetic 
Engineering and Biotechnology, 

P.O. Box 10504, Anina AsafAli Marg, 
New Delhi 110 067, India 

Editors’ note: The editors stand 
chastized. 

Authors' response: 

a) For the preliminary experiment to 
see the effect of group density on 
immune response, the fish of the 
same size were picked up at ran¬ 
dom. The results shown in Figure 1 
surprised us because we expected 
(as reported earlier by others) an 
inverse relationship between group 
density and magnitude of immune 
response. In fact, this unexpected 
result motivated us to analyse the 
possible reasons and to conduct the 
sex ratio experiments, after certain 
months. Since the fish were imme¬ 
diately sacrificed after this experi¬ 
ment, we were not able to identify 
the sex. Probably the sex ratio 
might have been all male or male 
dominant ratio (since normally 75 
to 80% of the fish in a lot supplied 
will be males). 

b) Expressions such as S-BSA and HA- 
BSA which represent Soluble BSA 
and Heat Aggregated BSA respec¬ 
tively, should have been explained. 
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c) There was an error in Figure 4. The 
numbers male (10) and female (20) 
should have been indicated. 

d) The absence of symbols near the 
captions in Figure 6 is again an in¬ 
advertent error. The symbols de¬ 
fined in Figures 2-5, have been 
used throughout for males, females 
and controls, respectively. 

e) The contradiction is that earlier 
workers reported immunosuppres¬ 
sion during crowding whereas we 
show enhancement during crowd¬ 
ing and this enhancement has been 
related to sex ratio. The earlier 
workers perhaps have not con¬ 
trolled the sex ratio. Psychoneuro- 


immunological basis for the sex 
ratio-related immunomodulation is 
a possibility. That is why we have 
mentioned ‘The interpretation of 
the contradicting findings in 
the present study perhaps lies in 
terms of psychoneuroimmunology’ 
(perhaps = possibly or maybe). 
Also, we have mentioned that en¬ 
hancement of immune response is 
‘possibly’ due to certain (sex) 
pheromones...’ We have not men¬ 
tioned anything categorically since 
the basis is not clear at the moment. 
The authors have also admitted that 
conclusive evidence for the role of 
pheromones can be given only after 


getting more information on fish 
pheromones. 

We thank the reader for pointing the 
avoidable inadvertent errors in the pres¬ 
entation but we do not agree that the 
points raised are ‘serious loopholes’ 
in the study which require kindling 
of editorial vigilance of Current 
Sciencel 

R. Dinakaran Michael 
M. Ravikumar 

Department of Zoology, 

The American College, 

Madurai 625 002, India, 


NEWS 

Synchrotron radiation in science and technology* 


The Abdus Salam International Centre 
for Theoretical Physics (ICTP), Trieste, 
is a rather unusual UN Institution on the 
Adriatic Coast of Italy just outside Tri¬ 
este. ICTP offers every year, an unique 
opportunity to do research at regular 
intervals and, most of all, a place to 
think, talk and work. ICTP has a pro¬ 
gramme of organizing summer/winter/ 
extended schools, colleges in frontier 
areas of science and technology in order 
to encourage scientists in taking up 
challenging R&D activities in front-line 
subjects and to act as a bridge between 
the scientists of developing and the de¬ 
veloped countries. 

The John Fuggle memorial Synchro¬ 
tron Radiation (SR) school is a bi/tri¬ 
annual affair and named in memory of 
John Fuggle, who was instrumental in 
holding the first SR School to discuss 
about the possible exciting applications 
of SR and also giving training to young 
scientists all over the world so as to 
enable them to take up challenging tasks 
applying SR. Unfortunately Fuggle 
lived no longer to see his dream comes 
true and expired due to cancer at the age 
of 48 years before the first SR School 
started. In order to pay tribute to his 


*Based on the ICTP SR School held from 3 
November to 5 December 1997 at Trieste. 


memory, the Schools on SR were named 
after John Fuggle and are being held 
regularly bi/tri-annually. 

The basic objective of the ICTP SR 
School demonstrates how the users/ 
potential users of this source of radia¬ 
tion, i.e. SR are finding applications in 
an increasingly wide variety of fields of 
science and technology. The field of SR 
research and applications is making 
rapid strides and specialized applica¬ 
tions in this area are expanding corre¬ 
spondingly. The objective of the ICTP 
school was to provide an up-to-date 
account of the recent impact and on¬ 
going developments in the area of SR 
applications. I, personally, thank the 
organizers of the SR school for giving 
me an opportunity to participate and I 
also believe the various topics covered 
are the most comprehensive treatment of 
SR to date. 

In all, six directors who are experts in 
their respective fields were there to 
guide and coordinate the activities of 
the School. Eighteen guest faculty plus 
six directors gave nearly 75 lectures as 
originally planned. There were informal 
seminars amongst the participants so as 
to interact and explore common areas of 
interest. In addition to the lectures/ 
seminars, visits to Sincrotone Trieste 
were organized to record the spectrum 


as well as familiarizing oneself with the 
various beam lines. Substantial time was 
devoted to tutorials. Data analysis/re¬ 
duction was imparted to the participants 
which was immensely beneficial for 
participants to follow up in their re¬ 
spective countries. 

Synchrotron radiation 

An immense range of new technologies 
associated with the selection of photon 
energy and polarization and with dif¬ 
fraction, scattering, spectroscopy time 
resolved 'studies and imaging has 
evolved from the use of SR. The inter¬ 
action between different technologies 
has led to a very substantial ‘tunneling’ 
through the old ‘potential’ barriers be¬ 
tween the disciplines of physics, chem¬ 
istry and biology, resulting in a 
multidisciplinary and multiple tech¬ 
niques approach to the solution of sci¬ 
entific problems. Throughout the 1970s 
and 1980s, SR research probably gave a 
lead by this fresh approach to science 
which is now so essential to success in 
basic and applied research. There is 
hardly any area of science that has not 
benefited from SR. 

X-rays penetrate all forms of matter - 
solid, liquid and gas - and are scattered 
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or absorbed to varying degrees. For 
almost a century they have provided one 
of the most versatile tools for the de¬ 
termination of atomic structures in sol¬ 
ids and for imaging of living systems. 
The evolution of SR sources based on 
insertion devices has now yielded the 
most intense sources of X-rays ever 
devised. Perhaps the most notable im¬ 
provements brought about by these ad¬ 
vances have been in XRD methods, for 
example on very small crystals. Other 
techniques such as X-ray Absorption 
Spectroscopy (XAS) and Small Angle 
X-ray Scattering have become almost as 
routine as visible and ultraviolet spec¬ 
troscopy. 

The SR applications are by no means 
restricted to those mentioned above. 
One example, briefly, which follows 
from the advances discussed above is 
the use of microbeams for microlitho¬ 
graphy. It may well be that microbeams 
at synchrotron sources will be used to 
write the optical elements which are 
then used to exploit the beams. Mi¬ 
crolithography of 3D objects is also 
imaginable and indeed has been used in 
the manufacture of micromachines in 
recent times. 

The very high polarization of SR is an 
important feature that can be used to 
advantage in many measurements such 
as scattering and fluorescence experi¬ 
ments, including resonant nuclear 
Mossbauer scattering. The combination 
of all makes it an ideal source for an 
extremely broad, inter-disciplinary 
range of spectroscopic and structural 
studies. 

Storage ring and its 
characteristics 

The most capable source of SR is the 
storage ring. A closed continuous high 
vacuum chamber threads through vari¬ 
ous ring elements including a) bending 
magnet that bend the electrons in a cir¬ 
cle and produces SR, b) special inser¬ 
tions such as Wiggler magnets to 
produce particularly intense or en¬ 
hanced radiation, c) an rf cavity and 
associated power supply, which replen¬ 
ishes the energy by the electron beam 
into SR and d) vacuum pumps to 
evacuate the chamber. The above topics 
were discussed in depth along with 
theoretical calculations. The most im¬ 
portant properties of SR from an ex¬ 


perimental point of view are the total 
power radiated, the angular distribution, 
the spectral distribution, and the polari¬ 
zation, etc. Design parameters of the 
particular machine, i.e. prototype were 
discussed. 

Instrumentation for SR research 
and beam lines 

Instruments that have been developed to 
meet the specific requirements of par¬ 
ticular research areas or techniques are 
discussed appropriately with special 
emphasis on ELETTRA SR facility. 
Incidentally, access to ELETTRA SR 
facility (Italy) along with Spring-8 
(Japan) and VEPP (Russia) SR facilities 
are available to Indian scientists under 
bilateral cooperation with Italy, Japan 
and Russia through Ministry of Science 
and Technology, Government of India. 
Perhaps the most important instruments 
for research with SR are monochroma¬ 
tors and detectors. These subjects were 
covered by A. Savoia, D. Cocco, 
W. Jark, A. Lausi and C. Lennardi. A. 
Benedetti discussed XRD beam line at 
ELETTRA and application of XRD 
technique to materials. Tutorials/ 
discussion were organized and also 
hands-on training to familiarize partici¬ 
pants with ray tracing analysis using 
SHADOW software which is important 
in a beam line to follow the path of 
electrons and position of monochroma¬ 
tors and detectors, etc. XRD data re¬ 
duction and extraction of results from a 
typical sample data by a software was 
also demonstrated. 

X-ray photoemission and 
photoelectron diffraction 

Various techniques like photoemission, 
XAS, etc. were discussed with a focal 
theme of the prominent advances that 
have been made since the advent of SR 
as an excitation source. The topics cov¬ 
ered were photoemission, photoelectron 
diffraction (PhD) and X-ray Magnetic 
Circular Dichroism (XMCD). C. S. 
Fadley and A. Nilsson reviewed the 
photoemission technique in a compre¬ 
hensive manner with emphasis that 
photoemission has been established as a 
very powerful tool for studies of the 
bulk and surface electronic structure of 
materials. So was PhD by C. S. Fadley. 


G. Fecher theoretically discussed the 
impact of XMCD in Materials Science 
and its utility. Introduction to PhD 
software and model calculations were 
done. 

Small angle X-ray scattering and 
X-ray lithography 

The techniques discussed are Small 
Angle X-ray Scattering (SAXS), X-ray 
Lithography, Inelastic X-ray Scattering 
as well as harnessing SR to various 
biological systems. Aldo Crievich and 
Peter Laggner lectured at length the use 
of SR for SAXS. Obviously, this is be¬ 
cause the radiation emerging from multi 
GeV electrons is concentrated in a nar¬ 
row cone of about 10-4 rad aperture 
about the instantaneous flight direction. 
Tutorials in SAXS were held after a 
visit to ELETTRA organized for obtain¬ 
ing the data on a protein. The differ¬ 
ences between SAXS and Wide Angle 
X-ray Scattering (WAXS) are discerni¬ 
ble through these tutorials. J. Doucet 
discussed in his presentation the possi¬ 
ble avenues of various techniques to do 
biological macromolecules, using SR 
and the possible funding from the Indus¬ 
try. A brief introduction to inelastic X- 
ray scattering for deducing electronic 
structure was done by M. Krisch. C. 
Khan Malik in her talk and tutorials 
presented the practical means of repli¬ 
cating patterns in the fabrication of 
electronic and optical microdevices 
using X-ray lithography technique. X- 
ray lithography is an important alterna¬ 
tive to optical lithography because it 
overcomes the fundamental limitations 
of diffraction and of shallow depth of 
field. 

XANES, EXAFS, RESPES, high 
pressure, high temperature 

The final week of the programme was 
devoted to XAS, Resonant Photoemis¬ 
sion (RESPES) and XMCD. F. De 
Groot in his presentations introduced 
XAS, Soft XAS, RESPES and XMCD. 
A. Fontaine in his talks presented the 
EXAFS outputs in materials. H. Tolen- 
tino and A. S. Miguel in their lectures 
discussed about the basic concepts of 
the XAS beam line at European Syn¬ 
chrotron Radiation Facility (ESRF) and 
also EXAFS under high pressure and 
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temperature. EXAFS data analysis and 
multiplet simulation were done along 
with the demonstration of FEFF code of 
J. J. Rehr. 

In addition to the above lectures, 
special lectures by L. Fonda on holog¬ 
raphy, G. Margaritondo on ELETTRA 
SR Facility and Aldo Crievich on intro¬ 
duction to Brazilian SR Facility at 
Campinas were delivered. ICTP had 
extended generously to all participants 


the Computer and Library facilities for 
the entire duration of the School. 

The breadth of application of intense 
SR, extending from the infrared through 
the visible and ultraviolet part of em 
spectrum and deep into X-ray and 
gamma ray regions brought into the 
same laboratory scientists from diverse 
specialties such as surface physics, bi¬ 
ology and materials science, etc. The 
extraordinary properties of SR and its 


rapidly-increasing availability through¬ 
out the world have a profound impact 
on a broad range of scientific and tech¬ 
nological branches. ICTP school has 
succeeded largely in accomplishing 
symbiotically for a larger cooperation in 
the SR research. 


K. V. Ramana Rao, Department of 
Physics, University of Rajasthan, Jaipur 
302 004, India 


Compressed sulphur found to be a superconductor 


A group of scientists from the Carnegie 
Institution and Russian Academy of 
Sciences report in Nature the surprising 
observation that sulphur becomes a su¬ 
perconductor at 93 GPa (9.3 million 
atmospheres). At this pressure, pure 
sulphur transforms to a superconductor 
with a Tq (critical temperature) of 10 K, 
or -263°C. As pressure increases, so 
does the superconducting temperature, 
at a rate of 0.06 K per GPa (up to 14 K). 
At a pressure of 160 GPa (the highest 
measured in the current experiments), T^. 
again increased to 17 K. In a related 
study, in Phys. Rev. Lett., the same 
authors report the first measurements on 
a known superconductor, the metal 
niobium, above one million atmospheres 
(or one megabar) up to 132 GPa. 

A material is said to be a supercon¬ 
ductor when it loses resistance to elec¬ 
trical current flow. The phenomenon, 
one of the most non-intuitive in physics, 
has been recognized since 1911. Within 
the last decade, superconducting mate¬ 
rials have been found at temperatures 
high enough to hold promise for energy- 
related applications, especially in the 
computer and electric energy fields. 
Most studies have focused on oxide- 
based ceramics. 

The mechanisms of superconductivity 
in materials are of great theoretical in¬ 
terest but are, in many cases, in dispute. 
Studies of simple materials such as the 
pure elements that might superconduct, 
including an examination of the effects 


of pressure on are essential for un¬ 
derstanding the underlying physics. 
Such studies, in turn, are crucial for 
designing new, technologically useful 
superconductors. 

The authors of both papers are Viktor 
Struzhkin, Russell Hemley, Ho-kwang 
Mao, all of Carnegie’s Geophysical 
Laboratory and NSF Center for High 
Pressure Research, and Yuri Timofeev, 
of the Institute of High-Pressure Phys¬ 
ics, Russian Academy of Sciences. The 
group used the Geophysical Labora¬ 
tory’s megabar high-pressure diamond- 
anvil cell in conjunction with a mag¬ 
netic susceptibility technique they have 
perfected over the past few years. The 
technique allowed them to determine the 
superconducting transition temperature 
without the need for placing electrical 
leads on the sample. Thus, they could 
perform their measurements on very 
small samples (down to 0.04 of a milli¬ 
meter in diameter and a few thousandths 
of a millimeter in thickness). Tests of 
the method in the megabar pressure 
range (above 100 GPa) were done on 
niobium, which has a T^. of 9.5 K at 
atmospheric pressure but decreases to 
4.5 K at 132 GPa (rather than in¬ 
creases). 

Sulphur’s transition from insulator to 
superconductor at 93 GPa was unex¬ 
pected. Several years ago, scientists 
elsewhere had observed changes in opti¬ 
cal properties of sulphur that suggested 
that the material transforms to a metal at 


about 90 GPa (at room temperature), 
with a corresponding change in crystal 
structure, and that it transformed to 
another structure at about 160 GPa. 
Recent theoretical calculations had 
predicted that sulphur would become a 
superconductor only at much higher 
pressures (above 550 GPa). The new 
results show that the material transforms 
directly from an insulator to a supercon¬ 
ductor at the first transition (at 90 GPa). 
The results provide an important example 
of the large-scale changes in physical 
properties that can be induced by pressure. 

The authors write in their Nature pa¬ 
per that their results are particularly 
notable because the metallic phases of 
sulphur have the highest of any ele¬ 
mental solid measured to date. Sulphur 
now joins the heavier members of its 
family in the periodic table of elements 
(the chalcogenide family, including 
selenium and tellurium), as a supercon¬ 
ductor. This fact should provide critical 
tests for theories on superconductivity. 
In closing their paper, the authors write: 
‘Given the comparative simplicity of 
elemental sulphur for electronic struc¬ 
ture calculations and knowledge of its 
high-pressure crystal structures, this 
element should provide important tests 
of possible new mechanisms.’ The work 
is part of a much larger effort at the 
geophysical laboratory devoted to 
studying the behaviour of materials at 
ultrahigh pressures, including those that 
prevail deep within the planets. 


1036 


CURRENT SCIENCE, VOL. 74, NO. 12, 25 JUNE 1998 



Nature’s ecofriendly arsenal of pesticides* 


NEWS 


In recent years, there has been a 
burgeoning interest and increasing 
awareness concerning the role of bio¬ 
pesticides in maximizing crop protec¬ 
tion. Also, their ability to minimize the 
adverse effects like environmental con¬ 
tamination and health hazards caused by 
indiscriminate use of synthetic pesti¬ 
cides is now fully appreciated. All these 
were amply evident from the presenta¬ 
tions made by scientists who came from 
different parts of the country and par¬ 
ticipated in a National Symposium on 
‘Biopesticides and Insect-Pest Man¬ 
agement’ which deliberated on matters 
relating to: 

- Botanicals and their role in agricul¬ 
ture, 

- Microorganisms in insect pest man¬ 
agement and 

Chemistry of plant products in in¬ 
sect pest control. 

Citing the example of neem in adversely 
affecting, in diverse ways, the biology 
of a variety of insect pests, this confer¬ 
ence highlighted the potential of many 
other plants, notably, Vitex negundo, 
Ocimum sanctum, Phyllanthus debits, 
Strubulus aspera, Mentha spicata, 
Chloroxylon swietinia, Cassia fistula, 
Annona squamosa, Zanthoxylum limo- 
nella, Curculigo orchioides, Evolvulus 


*Based on the National Symposium on 
‘Biopesticides and Insect-Pest Management’ 
sponsored by Council of Scientific and In¬ 
dustrial Research, Department of Science 
and Technology, All India Association for 
Christian Higher Education, University 
Grants Commission, Department of Envi¬ 
ronment (all based at New Delhi), Tamil 
Nadu State Council of Science and Technol¬ 
ogy, Chennai and conducted at the Entomology 
Research Institute, Loyola College, Chennai 
600 034 on 26 and 27 February 1998. 


alsinoides, Strychnos nuxvomica and 
several species of Derris, Mundulea, 
Tephrosia, Milletia and Pongamia for 
use as biopesticides (Tables 1 and 2). 
Chemical constituents of the bio-active 
ingredients of some of these botanicals 
which exhibited antifeedant property 
were identified as those belonging to 
flavones, isoflavones, rotenoids, cou- 
marins and acetogenins. 


Table 1, Leaf extracts of plants with 
potential to cause larval mortality in 
Culex quinquefasciatus 



Larval mortality (%) 
within a specific 
period (h) 

Plant 

24 48 


Vitex negundo 

55 

100 

Tephrosia purpurea 

100 

- 

Cassia fistuia 

85 

100 

Strubulus aspera 

88 

100 

Chloroxylon swietinia 

100 

- 


Table 2. Plants exhibiting antifeedant 
property to larvae of Spodoptera litura 

Magnitude of 
antifeedant 
effect in terms of 
area (in sq mm) 
Plant of leaf ingested 

(leaf components) during 24 h period 


Phyllanthus deblis 

+ 

(576.8) 

Zanthozyllum limonel la 

++++ 

(128.2) 

Curculigo orchioides 

++ 

(376.6) 

Evolvulus alsinoides 

++ 

(309.8) 

Strychnos nuxvomica 

+++ 

(244.0) 


Increase in number of plus signs against 
a plant reflects degree of antifeedant 
effect of its leaf. 

Total area of leaf of each plant provided 
to the larva at the start of experiment is 
1350 sq mm. 


Issues relating to the utilization of 
various biocontrol agents in insect- 
pest management were also discussed. 
Attention was specially focused on the 
positive role played by microbial patho¬ 
gens like Nuclear Polyhedrosis Virus 
(NPV) and Bacillus thuringiensis (Bt) 
endotoxin in suppressing the popula¬ 
tions of Helicoverpa armigera and 
Spdoptera litura, notorious pests of 
cotton. The need for the application of 
biotechnological skills to produce ge¬ 
netically-engineered crop plants 
endowed with Bt toxin gene to aug¬ 
ment the efficiency of this microbial 
pesticide for insect pest control was 
emphasized. Other prospective organ¬ 
isms shown to display biocontrol quali¬ 
ties against insect pests were fungi 
(Beauveria bassiana and Nomuraea 
rileyi), the red mite Eutrombidium 
trigonum and nematodes belonging to 
the families Steinernematidae and Het- 
erorhabditidae. 

Without ignoring the relevance and 
value, even today, of the age-old and 
deep-rooted philosophy that ‘nature 
exists for the harmony and convenience 
of all life on earth’, a consensus was 
reached in this symposium to a) encour¬ 
age research on biopesticides as an in¬ 
terdisciplinary investigative activity 
involving entomologists and chemists, 
b) develop simple technologies for for¬ 
mulations, c) adopt biosafety procedures 
and, d) implement strict quality control 
measures for testing the efficacy of 
these products before employing them 
as part of a comprehensive integrated 
insect pest management strategy in agri¬ 
cultural operations. 


S, Ignacimuthu, Entomology Research 
Institute, Loyola College, Chennai 
600 034, India 
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Couple stress boundary layer flow past a stretching sheet 
revisited 


In view of growing industrial impor¬ 
tance of couple stress boundary layer 
flow of non-Newtonian fluid, a large 
number of fluid dynamicists such as, 
Dandapat and Gupta^ Bujurke and 
Biradar^ and Maitra^ tackled problems 
of couple stress boundary layer flow 
with similarity transformation, subject 
to different types of boundary condi¬ 
tions, with a view to obtaining mostly 
closed-form solutions. The author 
solved analytically in closed-form a 
problem^ of this kind taking into con¬ 
sideration the boundary conditions, 
which involve the ‘material constant’ of 
the non-Newtonian fluid, and, accord¬ 
ingly, the boundary conditions have 
been slightly modified with regard to 
those adopted by Bujurke and Biradar^ 
without sacrificing its physical signifi¬ 
cance and generality. Such a modifica¬ 
tion of the boundary conditions'’^ 
fortunately leads to the closed-form 
solution of the fifth-order ordinary non¬ 
linear differential equation governing 
the couple stress boundary layer flow. 
Nevertheless, in this kind of non- 
Newtonian flow a situation is also pos¬ 
sible where the boundary conditions are 
independent of the material constant of 
the fluid. Writing of the present paper is 
evoked by successful investigation of 
the non-Newtonian boundary layer flow 
subject to the boundary conditions in¬ 
dependent of the material constant of 
the fluid. Hence the closed-form simi¬ 
larity solutions are obtained for the non- 
Newtonian boundary layer flow past a 
stretched sheet with a new set of bound¬ 
ary conditions in this quest, compared 
to the earlier work^ in which Bujurke 
and Biradar^ did not attempt this kind of 
solution. 

A non-Newtonian boundary layer 
flow is developed past a rectangular 
sheet stretched by applying two equal 
and opposite forces while keeping the 
origin fixed. The equations of this non- 
Newtonian boundary layer flow with 
zero-pressure-gradient are 



(1) 

dx dy 


du du G 

(2) 

H -+^7-V-ST 4 , 


where u and v are the components of the 
fluid velocity in the longitudinal (x) and 
the transverse (y) directions respec¬ 
tively, a the material constant and p the 
density of the fluid. 

The boundary conditions are 

M = Mix, u = 0 aty = 0 

M 0 as y 00 , Ml < 0, (3) 

where ui is the fluid velocity at the 
point (1, 0). To solve the differential 
eqs (1) and (2) subject to the boundary 
conditions (3) we resort to the similarity 
transforms 

jj = and -tj) = -(-v«i)‘'V(7). 

(4) 


where ip is the stream function giving 




(5) 


Because of (4) and (5), the main eq. (2) 
reduces to a nonlinear fifth-order simi¬ 
larity equation, 

= ( 6 ) 


and 

u = uif\r]) v = (.-vuiy'^f{ri), (7) 

where the prime indicates derivative 
with respect to rj and K is the constant 
called stress parameter defined by 

K = -uial(pv^) > 0, (8) 

so that the boundary conditions (3) are 
reshaped as 

/(0) = 0,/'(0) = !,/'(«>) = 0 (9) 

which are independent of K. 

Obtaining an analytical solution to 
eq. (6) ordinarily appears to be a formi¬ 
dable task. But the solution of such a 
differential equation subject to a set of 
congruent boundary conditions is in the 
theory of differential equations estab¬ 
lished as unique. This feature embold¬ 
ens one to strive for the exact analytical 
solution in this context on trial basis. It 
is not unusual to infer that the way dif¬ 


ferential eq. (6) involves / and its de¬ 
rivatives of higher orders, its solution 
contains exponential function(s) of the 
independent variable tj. However, ulti¬ 
mately it is reckoned that the exact so¬ 
lution to eq. (6) subject to the boundary 
conditions (9) yields 

/ 07 ) = (l-e->r r>0, 

/'(7) = e-^", (10) 

where the constant r is determined from 
the biquadratic equation 

Kr*-r^-1=0. ( 11 ) 

Where 


l+Vl + 4^' 


2K 


> 0 , 


( 12 ) 


which is designated as stress factor. 

Equations (10) and (12) give the ex¬ 
act analytical solution to the couple 
stress boundary layer flow. 

But the expression (7) when com¬ 
bined with (10) and (12) gives the ve¬ 
locity components 



Also employing (10) and (12), the 
dimensionless shearing stress on the 
wall is found out as 


T = 


^ du 

V— 

I 


O d^U 
p 


(-Ml) 

'y=0 


=/"( 0 )-^:/‘''( 0 ), 



The negative sign of t is obviously 
concerned with its formulation (14) and 
the relevant force. The curve suggesting 
the variation of the shearing stress 
magnitude with stress factor is a hyper¬ 
bola. 

Most of the investigators are devo¬ 
ted to obtain exact/analytical/numerical 


1038 


CURRENT SCIENCE, VOL. 74, NO. 12, 25 JUNE 1998 


SCIENTIFIC CORRESPONDENCE 


solutions for such kind of boundary- 
layer flow with zero pressure-gradient. 
Perhaps they ruled out the possibility of 
getting similarity equations for a couple 
stress flow with a nonzero-pressure- 
gradient. Therefore, in this last section 
is encountered a nonzero-pressure- 
gradient that gives rise to a tractable 
differential equation of the flow along 
with a set of boundary conditions in line 
with (9). 

With inclusion of pressure gradient 
dPIBx, P being the pressure, eq. (2) 
changes to 


__ 1 BP 

Bx By p Bx 

, B^u G B^u 


(15) 


If the couple stress boundary layer 
flow is developed with a pressure gradi¬ 
ent 


because of change of pressure gradient, 
the flow velocity will change. The same 
set of boundary conditions for two dif¬ 
ferent pressure gradients is permissible 
in so much as the pressure gradient in 
the present feature has no functional 
relationship with the boundary condi¬ 
tions. 

Retaining the same boundary condi¬ 
tions as eq. (9) and following the same 
technique and subtlety as earlier, eq. 
(17) admits of the closed-form solution 

fir]) = (1 - 

a = {l+a/K)y'\ ( 18 ) 


and the velocity components become 


Kv'^p . 

u --^xe 

o 


■aij 


.=fera-e-' 


(19) 


\ G J 


(l-Q-^)/a. 


BP 


Bx 



xfiv). 


In this case the dimensionless shear- 
(16) ing stress on the wall in the same man¬ 
ner as earlier gives 


then eq. (15) reduces, or, in other 
words, eq. (6) modifies as 

f'^-ff" + Kf'+f"'=Kf, ( 17 ) 

which is different from that with non¬ 
zero-pressure-gradient. If the flow envi¬ 
ronment is kept the same, obviously 


r = -aK=^-iK^ + K)^^\ (20) 

which satisfies the equation of a rectan¬ 
gular hyperbola. 

Boundary-layer flows fostered by 
similarity transformation and compli¬ 
cated equations in general count upon 
numerical techniques for their solutions; 


a vivid study of earlier worksand 
their comparison with the present one 
reveals that the boundary layer flows, 
both Newtonian and non-Newtonian, are 
amenable to exact analytical solutions 
necessitating suitable technique and 
artifice in envisaging the transformation 
equation in algebraic trial with the dif¬ 
ferential equation of flow and pre¬ 
scribed boundary conditions. It has been 
observed that in the realm of boundary- 
layer flows of the present kind, different 
types of solutions are evolved due to 
different sets of boundary conditions, 
and sometimes subject to certain re¬ 
strictions on the values of some fluid 
parameters. The process of obtaining 
closed-form solution also depends a lot 
on the choice of similarity transforma¬ 
tion equations. The exact analytical 
solution herein, unlike that reported^’^, 
is not restricted to a certain range of 
values of any parameter. 


1. Dandapot, B. S. and Gupta, A. S„ Int. J. 
Nonlinear Mechanics, 24, 215-219. 

2. Bujurke and Biradar, S. N., J. Math. 
Phys. Sci„ 1986, 20, 507-516. 

3. Maitra, S. N., Proc. Indian Natl. Sci. 
Acad., 1990, A56, 33-38. 


S. N- Maitra 


Mathematics Department, 

National Defence Academy, 
Khadakwasla, Pune 411 023, India 


Fungitoxicity of some insecticides 


Microorganisms which produce plant 
diseases have been responsible for con¬ 
siderable crop destruction. It is esti¬ 
mated that plant diseases cause an 
annual 10% loss in the US crop^ and 18 
to 20% reduction in the world agricul¬ 
tural yields^. In recent years, much at¬ 
tention has been paid to plant 
pathogens^’"^. While different fungicides 
are available for controlling plant 
pathogenic fungi, reports^ indicate that 
some insecticides may have additional 
fungitoxic properties as well. Little in¬ 
formation exists on this aspect in re¬ 
spect of the newer insecticides (Durmet, 
Kanodane, Nuvacron, Nuvan and Cym- 
bush, etc.). The present work was under¬ 
taken to determine the effects of these 


five insecticides under laboratory con¬ 
ditions against selected plant pathogenic 
fungi. 

The efficacy of these insecticides, 
namely Durmet (20EC), Kanodone 
(20EC), Nuvacron (36EC), Nuvan 
(76EC) and Cymbush (25EC) against 
fungi were tested in vitro by the poi¬ 
soned food technique^. The required 
quantity of test insecticides was 
weighed and dissolved in sterile water. 
Requisite concentrations (0.01, 0.05, 
0.1 and 0.2%) of these solutions were 
added to potato-dextrose agar medium 
in a conical flask and mixed well to get 
various concentrations. The contents of 
each conical flask were poured equally 
into petri dishes. The medium was al¬ 


lowed to set under UV light in laminar 
flow and 8 mm discs of the fungi were 
transferred aseptically to the petri 
dishes. The petri dishes were kept in a 
BOD incubator at 25°C and incubated 
for 7 days. The diameter of the fungal 
colony in each petri dish was measured 
after 7 days. Control was maintained 
without fungicides, while a Bavistin 
was used as a standard fungicide for 
comparison. Fungicidal activity was 
expressed as per cent inhibition by stan¬ 
dard formula^. 

From Table 1, it is evident that Dur¬ 
met, Cymbush, Nuvacron and Nuvan 
were highly active in inhibiting the my¬ 
celial growth of Fusariiim oxysporum, 
Helminthosporium sps., Sclerotium 
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Plant Durmet 


pathogenic 
fungi Control 

0.01 

0.05 

0.1 

0.2 

F. oxysporum 

0 

43.3 

52.62 

66.66 

81.; 

A. solani 

0 

66.66 

88.88 

84.44100 

C. lunata 

0 

60 

77.77 

83.3 

90 

Helmintlio- 

0 

68.75 

83.33 

90 

100 

sporium sp. 

S, rolfsii 

0 

70 

89.44 

100 

100 


Table 1. Fungitoxicity of some insecticides (% mycelial inhibition) 

Concentration (%) _ 

Kanodane Cymbush Nuvacron 


0.01 

0.05 

0.1 

0.2 

0.01 

0.05 

0.1 

0.2 

0.01 

0.05 

0.1 

0.2 

35.55 

37.85 

44.44 

70 

22.22 

36.66 

58.88 

80 

14.44 38.88 

100 

100 

26.66 

50 

60.89 

75.55 

20 

64.44 

73.33 

87.77 

0 

43.33 

60 

100 

37.77 

53.33 

70.55 

80.55 

27.77 

57.32 

78.8 

90.5 

11.11 

44.44 

91.48 

100 

45 

55.55 

80.62 

88.88 

32.5 

58.88 

83.75 

100 

18.75 

36.61 

88.12 

100 

55.55 

77.77 

90 

100 

13.33 

55.55 

81.38 

100 

0 

48.33 

100 

100 


Nuvan 


0.01 0.05 0.1 0.2 


20 39.24 56.25 100 

6,66 43.33 65.33 100 

11.11 66.66 75.18 100 

32.5 55.55 100 100 

37.77 79.88 100 100 


rolfsii, Curvalaria lunata and Alter- 
naria solani. 90% inhibition was 
observed at 0.2% with respect to all 
fungi against different insecticides. 
As the dose was decreased, there was 
decrease in inhibition. Except Durmet 
and Kanodone, the rest of the insecti¬ 
cides did not exhibit any signi¬ 
ficant inhibition at 0.01%. Durmet was 
active even at 0.01% on all different 
fungi. 

The fungitoxic properties of pesticides 
whose primary defined targets are the 
insects may perhaps be due to their cu- 
ticular penetration abilities, which may 
extend to fungal mycelia. Precise mode 
of fungitoxic action of such chemicals 


needs to be elaborated by detailed stud¬ 
ies. However, the additional property 
can perhaps be used to advantage in 
well-designed pest control strategies in 
various crops beset with both insect and 
fungal pests. 


1. Leclerg, E. L., Phytopathology, 1964, 
54, 1309. 

2. Bent, K. J., Endeavour, 1969, 28, 
129. 

3. Singh Inderjit and Prasad, S. K., Indian 
J. NematoL, 1973, 3, 109-133. 

4. Khare, M. N., Agarwal, S. C., 
Kushwaha, L. S. and Tomar, K. S., 
Indian Phytopathol., 1974, 27, 364- 
366. 


5. Singh, R. K. and Dwivedi, R. S., Pesti¬ 
cides, 1988, XXII, 20-23. 

6. Nene, Y. L. and Thapliyal, P. N., in 
Fungicides in Plant Disease Control, 
Oxford and IBH Publishing Co., New 
Delhi, 1979, p. 507. 

7. Vincent, I. M., Nature, 1947, 159, 
850. 
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R. N. Sharma 
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On incorrect use of Student’s t test in bio-medical research 


Student’s unpaired t test is used to test 
whether the means of the two groups are 
statistically different or not. Student’s 
unpaired t test is written as t test for 
simplicity in this article. Various types 
and aspects of t test like situations 
where the test is applicable, assump¬ 
tions made, calculation procedure, ad¬ 
vantages and limitations have been 
described in standard statistical 
books^’^. 

While perusing bio-medical articles, 
the author has come across various 
types of errors in the application and 
interpretation of t tests. The situations 
where t test is not ‘valid’ or if it is 
‘valid’ it is with reduced power are de¬ 
fined as errors in this article. The pur¬ 
pose of this article is to illustrate these 
errors and to indicate correct statistical 
procedure to be adopted and alternative 
statistical tests to be used. It is hoped 


that this would enable research scien¬ 
tists having inadequate statistical 
knowledge to apply appropriate test 
correctly and to identify situations 
where expert statistician’s help is es¬ 
sential. 

Most of the examples presented in 
this article are taken from published 
bio-medical articles with application of 
t tests. No attempt has been made to 
obtain the raw (basic) data from the 
authors. The statistical values for 
appropriate procedures and alternatives 
are calculated whenever possible, 
otherwise only references are men¬ 
tioned. 

Definitions used in this study for 
comparison of two means: Null 
Hypothesis (NH): A statement concern¬ 
ing the values of a population parame¬ 
ter. Here the means of the two groups 
are equal. 


a (alpha): The significance level of a 
test: The probability of rejecting the 
null hypothesis when it is true (or the 
probability of making a Type I error). ' 

P (beta): The probability of correctly 
rejecting the null hypothesis when it is 
true (or the probability of making a 
Type II error). 

Confidence level (1-a): The prob¬ 
ability that an estimate of a population 
is within certain specified limits of the 
true level. 

Power of a test (l-p): The probability 
of correctly rejecting the null hypothesis 
when it is false. 

Confidence interval of the difference: 
The probability that an estimate of a 
difference in two populations is within 
certain specified limits. 

One-tailed (sided) test: In hypothesis 
testing, when the difference being tested 
is directionally specified beforehand, 
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i.e. (when Xj < X 2 > but not Xj > ^2 , is 
being tested against the null hypothesis 
Xi=^X2). 

Two-tailed (sided) test: In hypothesis 
testing, when the difference being tested 
for significance is not directionally 
specified beforehand, i.e. when the test 
takes no account of whether Xi > X 2 or 

X,< J2). 

Type I and II error may be viewed as 
‘false positive’ and ‘false negative’ of a 
diagnostic test. 

P value: The P value is the probabil¬ 
ity of committing a Type I error if the 
actual sample value of the statistic is 
used as the rejection value. It is the 
smallest level of significance for which 
we would reject the null hypothesis for 
that sample. It is also interpreted as an 
indicator of the weight of evidence 
against the null hypothesis. 

t test to non-normal data. The t test is 
valid and powerful, if and only if, the 
assumption of the normality is satisfied. 
It is always better to check normality of 
the data of small samples if the data 
consist of percentage values, counts and 
enzyme values. For heterogeneous data 
where the largest value is more than 
twice the smallest value and for non¬ 
negative values where SD (standard 
deviation) is greater than the mean, t 
test is not powerful. 

On considering the data of Table 1, it 
can be seen that here SD (7.2) is greater 
than the mean (4.9) suspecting non¬ 
normality. However, it is rather difficult 
to detect non-normality in small sam¬ 
ples. A thumb rule to suspect non- 
normality is to calculate 95% confi¬ 
dence interval (mean ± 2* SD). In Table 
1, most of the values of the range are 
less than zero, thus confirming non¬ 
normality. Mild deviations from nor¬ 
mality may be permitted for the t test 
analysis for larger samples (greater than 
30). It is always advisable to check for 
causes of the high SD. Only one or two 
outlier (inconsistent) values may in¬ 
crease SD to a large extent. Under such 
circumstances, it is always better to 
ignore these observations in the analysis 
(after mentioning the reasons of it). If 
there are no outlier values signifying 
high SD as the inherent variation, non- 
parametric tests are more appropriate. 
These tests do not depend on the as¬ 
sumption of normality. In this study, 
nonparametric test like ‘Mann-Whitney 
U test’ with the median and range val¬ 
ues as the summary measures would be 


Table 1. Example: In the study of compari¬ 
sons of GSH hormone levels in acutely ill 
patients and controls, the investigator ap¬ 
plied unpaired t test for the following data 



Number 

GSH units 


Group 

(n) 

mean ± SD 

Range 

Patients 

15 

4.9 ±7.2 
NSU= 1.1 

(1.3-30.0) 

Controls 

10 

2.8 ± 1.7 

(L3-6.6) 


Here the investigator would have probably 
detected statistical significance by non¬ 
parametric test. 


more accurate. Another method would 
be to convert data ‘normal’ by suitable 
transformation (logarithmic, square root 
and inverse, etc.) and then apply t test. 
For the above example, the latter two 
tests would have given more appropriate 
result; perhaps even significant differ¬ 
ence. 

t test to groups having unequal vari¬ 
ances. The t test requires assumption of 
equal variances (homoscedasticity) be¬ 
tween two groups to be satisfied. This is 
checked by F test. If the variances are 
equal by F test then the usual t test is 
correct, otherwise modified / test or 
nonparametric test should be applied. 
This can be explained by the following 
example: 

In Table 2, calculated F value came 
out to be 15.3, which led to the conclu¬ 
sion that variances between the two 
groups were not equal. Under such cir¬ 
cumstances, modified t test would be 
more appropriate. There are many types 
of modified t tests and one of the sim¬ 
plest and powerful would be ‘Cochran’s 
modified t test"^’. 

The formula: 

/ni) + {sl/n2)] ’ 

where and S 2 are SDs of the 2 groups 
with ni and ni observations respec¬ 
tively, and the cutoff value is given 

^ ^ [(sf/ nQ * tj (table) + (s^/ 722 ) * f 2 (table)] 
J^[s^/ni +s^/n2] 

For the above example table cutoff t 
value (a = 0.05) came out to be 2.11. As 
the calculated t value was less than the 


Table 2. Example: In the comparison of 
hypothyroid and normal patients the investi¬ 
gator compared heart rate (part of the study) 
with t test for the following data 


Group 

Number 

Heart rate (units) 
Mean ± SD 

Hypothyroid 

16 

61.80 ±2.48 


S,P <0.05 1; = 2.07 

Normal 

20 

66.55 ±9.69 


Here the investigator would have got no 
significant difference (instead of significant 
difference) by modified t test. 


cutoff t value (i.e. 2.07 < 2.11), the dif¬ 
ference was not significant. By the usual 
t test, the difference was significant at 
0.05 level but with the modified t test 
the difference turned out to be not sig¬ 
nificant. 

(Unpaired) t test to paired (related) 
data. Unpaired t test is not correct for 
the related data as it requires the as¬ 
sumption of independence between the 
two groups to be valid. 

In Table 3, the values were on the 
same patients (i) before treatment, and 
(ii) after treatment. The after-treatment 
values were related to the before¬ 
treatment values, resulting in the viola¬ 
tion of the assumption of independence. 
Hence the (unpaired) t test was not valid. 

t test applied to more than two groups 
(without correction). The t test is ap¬ 
propriate in comparing means between 
two groups only. In this category of 
errors, t test is applied many times by 
comparing all possible pairs of means. 
This procedure has got the major draw¬ 
back of increased Type I error. This 
means that if there are no real differ¬ 
ences, the probability of at least one 
difference being statistically significant 
by chance at the 5% level can be 
considerably greater than 5%. As the 
total number of comparisons increases, 
the Type I error increases proportion¬ 
ately. This has been discussed in 
Table 4. 

In Table 4, comparisons among six 
different A, B, C and D groups were 
made. If for each comparison, Type I 
error = 0.05 then the effective P value 
was 6*0.05 ~ 0.30 or 30%, i.e. there 
was about 30% chance of at least one 
incorrect conclusion regarding the dif¬ 
ference in the groups. The appropriate 
procedure here would be to test the 
overall difference among all the groups 
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Table 3. Example: In the comparison of pepsin output at before- and after-treatment 
for the group X. Investigator applied t test for the following data (part of the data) 




Pepsin output (mean ± SD) 


Group 

n 

Before-treatment 

After-treatment 

Significance 

X 

17 

1012.0 ±375.5 

863.08 ±217.5 

NS (r = 1.4) 


Here the investigator would have probably detected significant reduction in pepsin output by 
paired / test. 


Table 4. Example: Comparison of blood glucose levels (mean ± SD) in 4 different groups 


Group 
n = 9 

A 

84.67 ± 5.29 

B CD 

105.78 ±9.77 93.11 ±3.62 88.44 ±8.05 

Comparison 

Calculated 

Significance 

Modified LSD with 

between 

t value 

by t test 

multiple correction 

A-B 

5.71 

P< 0.001 

P< 0.001 

B-C 

3.65 

P<0.01 

P<0.01 

C~D 

1.59 

NS 

NS 

A-C 

3.94 

P<0.0i 

NS 

A-D 

1.17 

NS 

NS 

B-D 

4.11 

P< 0.001 

F <0.001 


More sensitive modified LSD detected only 3 out of 4 significant differences obtained by 
usual t test. 


Table 5. Example: Data are mean ± SD of the three variables for the two groups of patients 

with heart disease 


Variable 

Serum total cholesterol 

W 

Serum phospholipids 
(10 

Serum uric acid 

(Z) 

Group 1 

269.1 ±60.41 

11.92 ±2.41 

5.25 ± 1.00 

17 

INS 

INS 

1 NS 

Group 2 
n = 15 

235.8 + 36.69 

12.55 ± 1.74 

4.88±0.9l 


Taken from The Design and Analysis of Clinical Experiments (ed. Fleiss, J. L.), John Wiley 
and Sons, New York, 1986, p. 69. Here multivariate test detected significant difference 
between Group 1 and Group 2. 


by ‘ANOVA {F) test’. If and only if F 
test indicated the overall significant 
difference among the groups, compari¬ 
son between specific groups could be 
made by different multiple comparison 
tests. The simplest and versatile would 
be ‘Modified LSD test’. ANOVA as¬ 
sumes equality of variances (SD^) 
among all the groups. For the above 
example, ANOVA test showed signifi¬ 
cant differences among the means of all 
the groups (F= 11.11, S, P<0.01). 
Then to compare means of specific 
groups, ‘Modified LSD test’ was ap¬ 
plied. Out of the four significant differ¬ 
ences obtained by t test, only three were 
found to be significant by the ‘Modified 
LSD test’. Multiple comparison tests 
protect against calling too many differ¬ 


ences significant than does the usual t 
test. This is a rather complex situation 
where statistician’s advice is recom¬ 
mended. In brief, only limited number 
of comparisons should be made to re¬ 
strict Type I error. 

Application of several t tests to many 
variables in a single study instead of 
multivariate test. This is a common 
error committed by many investigators 
working in bio-medical field. Most of 
the studies in bio-medical research 
consist of comparison between more 
than two variables of equal importance 
and interest. For such studies, a multi¬ 
variate test that compares variables si¬ 
multaneously would have many 
advantages over a series of separate t 


tests for each variable. The most impor¬ 
tant advantage of the former is the pos¬ 
sibility of the increased power. If the 
variables are not much related, the mul¬ 
tivariate test has a chance of finding 
significant differences among the treat¬ 
ments even if none of the (univariate) t 
tests are significant. The example dis¬ 
cussed in Table 5 has been well illus¬ 
trated in The Design and Analysis of 
Clinical Experiments (ed. Fleiss, J. L.), 
John Wiley and Sons, New York 1986, 
p. 69. 

Thus, in Table 5 t test showed no 
significant differences for X, Y and Z 
variables between two groups, but 
‘Hotelling’s 7“ test’ (multivariate) de¬ 
tected differences (T^ = 12.04, P < 0.05) 
between two groups after considering 
three variables as a set. 

Errors in the computation of t test. In 
this category of errors, there were few 
cases where reported t values differed 
from the t values computed from 
the mean and SD. One of the most 
common errors was to apply the formula 

/ = {x\-X2)l ^ '^1 '^^2^ ^^l)’ 

stead of / = {x[ - jc 2 )Wd, where 

^ [(/xi-l)5^+(n2-l)4] 

(/ll+/l2”2) 

*[(1//t,+1/;i2)], 

for markedly different sample sizes. 

Number of t tests to repeated measure¬ 
ment studies. Here number of t tests are 
applied at various time points between 
two groups to study the effect of treat¬ 
ment over a period of time. This proce¬ 
dure has: (i) successive observations in 
a given study correlated, and (ii) Type I 
error increased because of many t tests 
in a single study, leading to major de¬ 
fects. The appropriate statistical proce¬ 
dure here would be to calculate suitable 
summary measures like area under the 
curve (AUC) and time to maximum ef¬ 
fect (Tmux) for each subject and then 
to compare mean AUC and mean Tmax 
between the two groups by unpaired t 
test"^. This method is commonly used in 
clinical pharmacology. Another better 
alternative would be to reduce number 
of t tests where AUC, 7^^ parameters are 
of little interest. ANOVA and multivariate 
test could be other alternatives. By increas¬ 
ing the level of significance from the con¬ 
ventional 0.05 to 0.01 or 0.001, one may 
arrive at an appropriate conclusion. 
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Errors in the interpretation of results. 
This is one of the most important and 
commonly found errors. This error oc¬ 
curs because of the improper under¬ 
standing of the statistical hypothesis 
testing procedure and inadequate com¬ 
munication between investigator and 
statistician. In this testing procedure. 
Null Hypothesis (NH) (mean of the first 
group is equal to the mean of the second 
group) is tested by calculating mean, SD 
and t statistic. If the calculated t e.xceeds 
the table t value then the NH is rejected, 
leading to the conclusion ‘there is sig¬ 
nificant difference between the two 
means’. This conclusion is expressed in 
probability (P) value. The P value is 
usually misunderstood as the % chances 
that the results are wrong or the total of 
Type I and II errors (expressed in prob¬ 
ability). The P value is the probability 
of obtaining the observed results if the 
NH were true (assuming the assump¬ 
tions required for the test to be true). Or 
it represents the chance that the differ¬ 
ence found in the data is the result of 
random variation when there is no true 
difference in the population from which 
the samples have been drawn. For ex¬ 
ample, a P value of 0.05 indicates one 
chance in 20 that the trend shown in the 
data is the result of random variation. 
The ‘power’ of the test increases as the 
number of observations increases. 
Hence, the investigators obtain statisti¬ 
cally significant difference only because 
of large n and fail to obtain significant 
difference only because of small n. The 
statistical significance testing procedure 
simply cannot prove NH of-equality of 
two (sample) means. Exact P values 
together with ‘confidence interval of 
difference’, should be considered for 
meaningful conclusions. ‘Meta analysis’ 
is a newly-developed statistical tech¬ 
nique in which several dissimilar studies 
with small sample sizes are combined 
together to draw valid conclusion. 

One-tailed t test to get significant re¬ 
sult. In this category of error, the inves¬ 
tigator applies one-tailed t test to 
squeeze significance without enough 
justification. As one-tailed table t value 
is much less than the two-tailed table t 


value, the investigator usually gets 
significant result for one-tailed t test 
and not for two-tailed t test. 

Errors in the design of experiment. 
These errors are rather complex and 
difficult to detect. One of the common 
errors is adopting unifactorial (study of 
one factor at a time and keeping other 
factors constant) instead of multifacto¬ 
rial design. Multifactorial designs in 
bio-medical research are more economi¬ 
cal in terms of cost, animals (subjects), 
etc. and more informative than unifac¬ 
torial design. The advantages of multi¬ 
factorial design have been well 
illustrated by Wallenstein et al.^ hence, 
these will not be discussed here. In 
brief, multi factorial designs can measure 
various separate effects and their inter¬ 
actions with each other which unifacto¬ 
rial designs cannot do. This is a rather 
difficult procedure and expert bio¬ 
statistician’s help should be taken at the 
time of planning the experiment. No 
sensitive or sophisticated statistical 
method can compensate for a badly 
planned experiment. 

Student’s unpaired t test is frequently 
recommended for comparing the means 
between the two groups only. The test is 
valid and powerful if data are ‘normally 
distributed’, groups are independent and 
with equal variances. For dependent 
data, paired t test is appropriate. If the 
investigator suspects non-normality of 
the data, non-parametric tests like 
‘Mann-Whitney U test’ and ‘Wilcoxon 
signed rank test’ are more appropriate. 
In case of large SD, it is always better to 
detect outlier (inconsistent) values. 
Presence of only one inconsistent value 
can increase SD significantly to distort 
the conclusion. For more than two 
groups, ‘modified t test’, ‘Analysis 
of variance’ (ANOVA), ‘Analysis of 
covariance’ (ANACOVA) and 
‘multivariate test’ are more appropriate 
tests. The limitation of t test is that it 
merely tests equality of two means but 
fails to gauge the magnitude of differ¬ 
ence between means of the two groups. 
‘Confidence interval of the difference’ 
may help the investigator to obtain 
minimum and maximum difference be¬ 


tween the two groups, which is of tre¬ 
mendous use in bio-medical research. 
Hence t test together with ‘95% confi¬ 
dence interval of the difference’ is 
usually recommended for greater in¬ 
sights into the data. For borderline 
significant differences like P = 0.04 and 
P = 0.06, results should be viewed cau¬ 
tiously. It should be remembered that a 
statistical conclusion about significance 
does not always agree with clinical 
significance in bio-medical field. 

The overall implications of inappro¬ 
priate use of t test are substandard and 
misleading research results, wastage of 
time, money, efforts, etc. With the easy 
access of statistical (computer) pack¬ 
ages, there is a tendency among the 
research workers to apply t test ‘blindly’ 
(without considering various aspects of 
it). This article is mainly intended for 
bio-medical research workers with 
‘inadequate’ statistical knowledge but 
desire to analyse data themselves. No 
statistical package can prescribe the 
most appropriate statistical test suitable 
for analysis of the given data. This does 
not mean that statistics is of overriding 
importance in bio-medical research, but 
it is an area where much improvement is 
desirable and beneficial for increasing 
the standard of research. Appropriate 
statistics should be viewed as an inte¬ 
gral part of good bio-medical research. 
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Newly discovered copper mineralization in granodiorites in 
Meghalaya 


We report here the discovery of copper 
mineralization near Rongkhinggiri vil¬ 
lage, in the Simsang valley. East Garo 
Hills district, Meghalaya. Rongkhinggiri 
is nearly 5 km south of China Baat vil¬ 
lage and could be approached from 
China Baat, which is on the Tura- 
Williamnagar road between 37 and 38 
milestones, by a fair weather footpath. 
Copper mineralization is noticed in 
dykes of granodiorite intruding the 
Archaean gneissic group of rocks. The 
area exhibits a rugged topography with 


a relief of nearly 600 m. The Simsang 
river and its tributaries have eroded the 
otherwise flat plateau between the Ar- 
bela ranges in the north and Tura ranges 
in south. 

Garo Hills form the western part of 
the Meghalaya plateau in northeastern 
India. The area is predominantly com¬ 
posed of Archaean gneissic group of 
rocks that are intruded by basic dykes 
and granitoid plutons^ Rocks of alka¬ 
line affinity and carbonatites intrude at 
places^. Southern and western parts of 


Garo hills are covered by a thick se¬ 
quence of Tertiary sediments. The area 
between China Baat and Rongkhinggiri 
village exposes Archaean granitic 
gneiss, Proterozoic granitoids and basic 
dykes (Figure 1). 

The bed of a second order stream 
flowing 1 km west of Rongkhinggiri 
village exposes two parallel dykes of 
granodiorites, 20 m apart, intruding 
gneissic country rocks. These dykes 
trend E-W with near-vertical dips. One 
of the dykes is 1.7 m thick and could be 
traced for 3 m across the stream while 
the other dyke is 0.9 m thick and ex¬ 
posed on a vertical wall of the stream 
section whose extension on either side 
of the steam is covered under soil. The 
granodiorite is coarse grained and por- 
phyritic with plenty of biotite and chal- 
copyrite, covellite, bornite, malachite 
and azurite. Bornite and chalcopyrite 
are highly altered with the development 
of malachite and azurite, resulting in the 
deep blue green colouration of the gran- 
dodiorite outcrop. Disseminated grains 
and inclusions of bornite and covellite 
occur within phenocrysts of oligoclase* 
Chalcopyrite forms a rim around 
rounded grains of bornite. Malachite 
and azurite occur as fracture fillings 
within plagioclase and quartz grains* 
The copper mineralization is restricted 
only to the granodiorite. The surround¬ 
ing and associated dolerite dykes are not 
mineralized. Wet chemical analyses of 
six rock samples (Table 1) collected 
from these granodiorite dykes reveal the 
presence of high content of copper (av. 
2% Cu). However, it showed only low 
values of molybdenum, zinc, lead, co¬ 
balt and nickel that are generally con¬ 
sidered as associated metals with copper 
mineralization hosted by granodiorite. 
Rock and mineralogical characteristics 
of this copper occurrence resemble a 
porphyry type copper mineralization of 
arc magmatic setup. Is this mineraliza¬ 
tion related to the arc magmatism of a 
Proterozoic plate tectonic cycle? 
Whether these dykes are only a small 
manifestation of a bigger granodiorite 
pluton nearby? Answers to these questions 
require further geological investigation in 
the virgin forests of Simsang valley. 



Figure 1. Geological map of Ronkhinggiri area, East Garo Hills district, Meghalaya. 1, Ter¬ 
tiary sandstone; 2, Basalt; 3, Pegmatite; 4, Granodiorite; 5, Dolerite; 6, Gneissic 
rocks/Migmatites; 7, Foliation; 8, Fault; 9, Copper mineralization; 10, Milestone and 11, 
Footpath. 



Table 1. Copper and other elements 

: in 

granodiorite (values in ppm) 


Sample no. 

Cu 

Ni 

Co 

Zn 

Pb 

Mo 

Granodiorite 

60855 

180 

25 

209 

<10 

-- 

Dyke 1 

Dyke la 

15440 

18 

46 

104 

40 

10 

Dyke lb 

19000 

47 

48 

147 

37 

30 

Dyke Ic 

19520 

52 

50 

163 

28 

15 

Dyke 2a 

1990 

20 

52 

67 

39 

75 

Dyke 2b 

25 

13 

27 

63 

23 

6 
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COMMENTARY 

Usability of parallel processing computers in numerical 
weather prediction 


U. N. Sinha and Ravi S. Nanjundiah 

On 23 November 1992, the Department 
of Science and Technology (DST) con¬ 
vened a meeting to discuss ‘Future Su¬ 
percomputing Strategies for Medium 
Range Weather Forecasting*. Subse¬ 
quently it was decided to invite devel¬ 
opers of indigenous parallel processing 
systems (PPS) to evolve suitable strate¬ 
gies of implementation of weather fore¬ 
casting codes on their respective 
parallel machines. The aim of this proj¬ 
ect, as correctly stated by Basu in a re¬ 
cent report in this journal\ was to 
demonstrate amongst the scientific 
community whether the PPS developed 
in India are capable of handling large 
applications with reasonable ease and 
also to benchmark the different PPS 
machines by running the same applica¬ 
tion code (namely the spectral model at 
T80 resolution) with identical initial 
and boundary conditions provided by a 
common agency (the NCMRWF). DST 
realized that India might have a head¬ 
start in the field of parallel computing, 
and its attempt to enhance and augment 
the indigenous technological base in 
this (then) emerging field for a well- 
defined national task was indeed com¬ 
mendable. 

Basu was the co-odinator of this ex¬ 
ercise and his paper summarizes his 
findings and views. In the present note, 
we present certain aspects which appear 
to have been overlooked by the author 
and therefore makes his assessment 
misleading, and offer a different per¬ 


spective on the project and its interna¬ 
tional counterparts based on personal 
experience of one of us (RSN) in India 
and the US, 

Are Indian PPS not good 
enough? 

The title and abstract suggest that the 
paper is generally about the usability of 
parallel computing to weather forecast¬ 
ing, while the tone of the paper and its 
conclusion suggest that Indian PPS are 
not suitable to meet the requirements of 
NCMRWF. Basu tries to support this 
view with the following comments on 
the Indian exercise: 

Poor sustained-to-peak ratio 

Basu writes, ‘The experience of parallel¬ 
izing the global spectral forecast model 
operational at NCMRWF showed that 
the PPS computers designed and fabri¬ 
cated in India during 1994 could attain 
a sustained-to-peak performance close 
to 6%. Since this value is significantly 
less than the internationally accepted 
figure, it is possible that the basic de¬ 
sign of processor boards used in the 
machines was not suitable for spectral 
forecast model.’ During the same period 
as the Indian exercise, Drake et al? 
have published sustained-to-peak ratios 
for the i860 processor (the processor 
used in India also by NAL, CDAC and 


BARC), and we reproduce their tables 
here. Table 1 displays the performance 
of the parallel computers in empirical 
studies, and Table 2 shows the proces¬ 
sor’s actual performance on meteoro¬ 
logical codes. 

Considering that the peak speed of 
i860 is 75 Mflop/s (according to Drake 
et al}), peak of 6% achieved by the 
Indian PPS was on par with systems 
elsewhere. Drake et al^ admit that their 
experience with the i860 (one of the few 
processors that have been extensively 
used in parallel computing applications 
for meteorology) in regard to its sus¬ 
tained-to-peak speed ratio was less than 
satisfactory. Therefore it is wrong to 
conclude that the relatively low value of 
sustained-to-peak ratio is unique to the 
Indian PPS (as suggested by Basu). We 
are not aware on what basis Basu drew 
his conclusion about ‘internationally 
accepted figures’ in 1994. 

Scalability 

Discussing this issue Basu says: ‘To 
ensure scalability of an application code 
is not a trivial task even for multitask¬ 
ing, shared memory, vector processing 
computer. Distribution of data and 
optimization of inter-processor com¬ 
munication make it even more difficult 
for a distributed memory PPS,’ He 
further contends, ‘Indian machines, 
however, have not demonstrated seal- 
ability clearly and some more effort is 
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Table 1. Parallel computers used in empirical studies, characterized by operating 
system version, microprocessor, interconnection network, maximum machine size in 
experiments (A/), message passing startup cost (Q, per-byte transfer cost (4), and 
achieved per-processor Mflop/s at single and double precision (from ref. 2) 


Name 

OS 

Processor 

Network 

N 

Paragon 

SUNMOS 1.6.5 iseOXP 

16 X 64 mesh 

1024 

SP2 

AIX + MPL Power 2 

multistage crossbar 

128 



MB/S 

Mflop/s 


Name 

f. (IIS) 

4 (ms) (swap) 

Single 

Double 

Paragon 

72 

0,007 282 

11.60 

8.5 

SP2 

70 

0.044 45 

44.86 

53.8 


Table 3. Comparison of maximum theo¬ 
retical and actual achieved efficiencies on a 
4 processor SGI power challenge (ref. 6) 

Maximum 

No, of theoretical Efficiency 
procs efficiency achieved 

Case A Case B Case A Case B 


1 

100.0 

100.0 

100.0 

100.0 

2 

95.5 

99.5 

93.3 

96.1 

4 

87.6 

98.6 

81.4 

88.9 

8 

75.1 

96.9 

- 

- 

16 

58.5 

93.5 


- 

32 

40.5 

87.5 



64 

25.2 

82.3 

- 

- 


Table 2. Elapsed time per model day and computational rate at T170 resolution on 
the Paragon and SP2 for double precision and single precision (ref, 2) 


Computational rate 


Name 

Nodes 

Time/model day (s) 

Gflop/s 

Mflop/s/node 

Double precision 

Paragon 

512 

1510 

1.71 

3.3 


1024 

814 

3.18 

3.1 

SP2 

128 

1092 

2.27 

18.5 

Single precision 

Paragon 

1024 

525.6 

4.93 

4.8 

SP2 

64 

1606 

1.61 

25.2 

SP2 

128 

1077 

2.40 

18.8 


required*. Basu is well aware of the fact 
that a small sequential element in a pro¬ 
gram can significantly limit the effec¬ 
tiveness of the parallelizing exercise. 
But the fact that such a small element 
existed was neither apprehended by the 
experts at NCMRWF nor by the devel¬ 
opers (who, it must be stated, did not 
have much earlier experience with the 
T80 code). The NCMRWF T80 global 
spectral model has its origins in the 
NCEP model, which has been largely 
shaped by Sela with Basu as one of the 
co-authors^. Sela’s experience in paral¬ 
lelizing this model on a shared memory 
vector parallel machine (clearly the 
author’s favourite), viz. C90, is very 
succinctly summarized in Figure 1 
(reproduced from Sela"^). 

We would like the reader to note that 
the efficiency of the C90 with 4 proces¬ 
sors was 77.5% and with 8 processors, it 
was 68.75%. Hence the Indian efforts 
in the DST project were comparable to 
efforts elsewhere at the same time (with 
the disadvantage of little support from 
the industry in contrast to the close 


interaction between industry and re¬ 
search groups in most efforts else¬ 
where). 

Basu correctly states that, unlike the 
implementations of the ECMWF model^ 
and the NCAR model^ where consider¬ 
able effort was devoted to developing 
codes that were scalable, Indian PPS 
developers did not make efforts in this 
respect. The following must, however, 
be stated: 

1. This was the first implementation of 
the model, and the general experience 
is that such first implementations of 
any software are rarely optimal. 

2. The project was closed in March 
1996, just as these initial implemen¬ 
tations were completed. 

3. The efforts of PPS developers after 
March 1996 have not been consid¬ 
ered in Basu’s paper, on the pretext 
that model outputs have not been 
examined! 

Out of scientific curiosity we have 
conducted further studies on the seal- 


ability of this model^’. We have found 
that the initial parallel implementation 
of the NCMRWF code has a sequential 
component of 4.7% and its scalability 
on an ideal machine (i.e. with maximum 
theoretical efficiency, with infinite 
bandwidth for communication) is pre¬ 
sented in Table 3. 

The cause of poor efficiencies in 
Sela’s or our earlier implementation can 
now be explained on the basis of this 
table. Sela’s implementation uses the 
strategy of parallel implementation of 
grid space computations (Case A in 
Table 3). However, we have further 
refined the load decomposition strategy 
(Case B). This refinement now includes 
concurrent computing of the linear part 
of the model, in addition to decomposi¬ 
tion of loads in physical space. The 
sequential part by this strategy reduces 
to 0.34%, and the scalability conse¬ 
quently improves dramatically. It must 
be pointed out that in the present ver¬ 
sion, the computation of the linear part 
is conducted on the summed co¬ 
efficients, whereas this could be done 
on the modes themselves (as modes do 
not interact in this part of the model). 

Had these modifications been per¬ 
formed as part of the Indian project on 
the PPS, the results would have been 
less misleading. However, we need to 
point out that we could arrive at these 
conclusions and alternate strategies only 
after the initial parallelizing exercise 
and after studying the results of this 
effort. It is disconcerting that Basu (one 
of the co-authors of the NCEP/ 
NCMRWF model) missed this critical 
aspect of Sela’s parallelization, i.e. the 
technique of parallelizing computations 
in physical grid space alone would not 
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Figure 1. An ATEXPERT report on parallelization on the CRAY C90. The solid line 
shows ideal speedup, the lower dashed line speedup when the inverse transform is 
structured to ensure reproducibility, and the upper dashed line speedup when this 
feature is disabled (from ref. 4). 


be scalable (though Sela’s study was 
published during the course of the In¬ 
dian exercise). Thus, the Indian parallel¬ 
izing exercise (with its constraints of 
limited resources and with little support 
from industry) was actually on par with 
international efforts at that time. 

Reproducibility 

During the course of this exercise, re¬ 
producibility was considered a major 
issue. While reproducibility undoubt¬ 
edly is to be considered, it was given far 
more importance than was necessary or 
scientifically justifiable. Thus a signifi¬ 
cant part of the time was spent on ex¬ 
plaining the small systematic differences 
between the outputs obtained on the 
PPS and the Cray. However, interna¬ 
tional experts’ views on this issue are 
far more relaxed. The differences be¬ 
tween the results of the IEEE-compliant 
RISC machines and the non-IEEE 
compliant Cray were presented at the 
7th ECMWF Workshop on the Use of 
Parallel Machines for Meteorological 
Applications’. The response was that the 
observed differences could be caused by 
a problem in a particular segment of the 
Cray’s memory. Even a major modelling 
centre such as GFDL (the Geophysical 


Fluid Dynamics Laboratory) has taken a 
far more lenient view on correctness, 
reproducibility and validating the paral¬ 
lel implementation^ than the Indian 
monitors did. We reproduce here their 
views on validation: 

‘Verification of the correctness of the 
model on a different system is an impor¬ 
tant step that must be undertaken before 
the model can be used on that system. 
Differences in compilers, system librar¬ 
ies, internal number representations, and 
machine precision can all have signifi¬ 
cant impact on the answers and make 
correctness extremely difficult to guar¬ 
antee. This is particularly true of certain 
SKYHI (GFDL’s GCM) diagnostic 
sums which involve differences of large 
numbers and are therefore an effective 
measure of round-off error. After a sin¬ 
gle time step, differences between 
(Cray) YMP and CM-5 (Connection 
Machine 5, a parallel computer) simula¬ 
tions in the more sensitive diagnostics 
were less than 10'^’, and the largest of 
these were attributable to roundoff er¬ 
ror. After one day, the differences grow 
to about one per cent for the most sensitive 
diagnostics and for long simulations only 
qualitative comparisons can be made.’ 

In contrast, NCMRWF experts in¬ 
sisted that the results be identical to 


begin with, and considerable time was 
spent in convincing them of the correct¬ 
ness of the parallel implementation. Had 
this time been spent on issues such as 
scalability, the quality of parallel im¬ 
plementation might have improved fur¬ 
ther. 

Cost effectiveness 

In India, unlike in the West, parallel 
processing has evolved as a strategic 
necessity and has proved to be ex¬ 
tremely cost-effective. The total devel¬ 
opmental cost at NAL for parallel 
processing, over the last decade, is 
about Rs 2 crores. Basu says, ‘Such 
benefit in the unit cost of computing can 
more than compensate the large man¬ 
power investment required to rewrite 
the large application code like the fore¬ 
cast model’. It must be mentioned that 
the budget for CHAMMP (Computer 
Hardware Advanced Mathematics and 
Model Physics) initiative of US De¬ 
partment of Energy (DoE) was of the 
order of a few million dollars, exclusively 
for the development of a scalable parallel 
model! The Indian initiative (which in¬ 
cluded both hardware and software) was 
conducted at a fraction of this cost. 

In the light of Basu’s comments and 
their misleading implications, it is per¬ 
haps now necessary that the country 
should think in terms of an alternate 
centre dedicated to research on issues 
related to development of weather fore¬ 
cast models suited/tailored to parallel 
computers and running them in a semi- 
operational mode, if the Indian parallel 
computing initiative for weather fore¬ 
casting is not to die. If such a centre 
were to be started ab initio, the invest¬ 
ment could be around Rs 2 crores 
(including infrastructure, a parallel 
computing platform and personnel) over 
a period of five years. However if es¬ 
tablishments having infrastructure and 
computing platforms, e.g. universities, 
national laboratories, IITs, IISc, etc. are 
willing to take up this task, the invest¬ 
ment may perhaps be lower for augmen¬ 
tation of the existing facilities. 

PPS in India - A global 
perspective 

In case of parallel computing in general 
and its application to meteorological 
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computing in particular, India had a 
clear head-start. One of us (RSN) vis¬ 
ited Argonne National Laboratory in 
1992 and found that our efforts were on 
par with that of the CHAMMP initia¬ 
tive. Thus DST’s decision to examine 
the feasibility of implementing the 
global spectral model was a sagacious 
one. In direct contrast, Basu's 
‘cautious* approach would lead to im¬ 
porting newer models running on off- 
the-shelf platforms (which may not be 
the state-of-the-art machines). This will 
lead to the perpetuation of the obnox¬ 
ious ‘black box* culture and fritter 
away, at tremendous cost, all the techni¬ 
cal gains made by imaginative use of 
parallel computing in India. The pros¬ 
pect of an Indian weather forecasting 
model addressing problems specific to 
the tropics will recede further if such an 
attitude continues. 

This, interestingly, is in stark contrast 
to the approach taken by other develop¬ 
ing countries such as Brazil. These 
countries are investing large sums of 
money (in excess of a million dollars) to 
develop indigenous parallel computers 
and weather forecasting models tailored 
to their needs. Specifically, they are 
laying great stress on the reverse engi¬ 
neering of existing codes, to gain in- 
depth knowledge of underlying proc¬ 
esses - which hitherto has been exclu¬ 
sive to the developed world. 

Even with PPS available in March 
1996, operations (five-day) forecasts 


could be produced about four times a 
day, and thus could meet the operational 
requirement. This, however, is not to 
downplay the computational needs (for 
research and development) of 
NCMRWF, but to record the fact that 
PPS were capable of satisfying the op¬ 
erational requirements of NCMRWF 
even in March 1996. In retrospect, all 
we can suggest is that a golden chance 
to perform weather forecasts on Indian 
machines using parallel version of fore¬ 
casting codes implemented by Indians 
was missed. 

Finally, a word about the reliability 
of Indian PPS. One of these systems 
was on display and running continu¬ 
ously at Pragati Maidan, New Delhi 
during the peak of summer in the year 
1995, without any air-conditioning, and 
many top DST officials were witness to 
this. 

In conclusion, we are of the firm view- 
that the kind of ‘caution’ exhibited in 
Basu’s assessment is precisely the rea¬ 
son why, even when we find ourselves 
on a position of some scientific or tech¬ 
nological advantage internationally, 
lack of imaginative decision-making or 
a peculiar technological timidity works 
to throw away that advantage. Are we 
going to embrace parallel computing for 
meteorology only after everybody else 
in the world has done so - and then rush 
to buy those systems from elsewhere, 
having starved our promising pro¬ 
grammes by rejection? 
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Radiation damping: Suryan’s line broadening 
revisited in high resolution solution NMR* 

V. V. Krishnan 

Biology and Biotechnology Research Program, L-452 Lawrence Livermore National Laboratory, Livermore, California 94551, USA 


Radiation damping is a combined manifestation of 
the nuclear spins and the resonant circuit. Radiation 
damping effects are becoming increasingly important 
in the high field NMR spectra of biological macro- 
molecules when dissolved in aqueous solutions. This 
phenomenon was first discovered by Suryan in 1949 
and a complete mathematical treatment was pro¬ 
vided by Bloembergen and Pound in 1954. In this 
review, a historical perspective of Suryan’s line 
broadening, commonly known as radiation damping is 
presented and methods that can suppress or utilize it 
advantageously are discussed with an emphasis of this 
phenomenon in the current state of high resolution so¬ 
lution NMR spectroscopy. 


The ability to resolve as many resonances as possible in 
the nuclear magnetic resonance (NMR) spectra of large 
biomolecules is an important goal in facilitating 
their assignment, and ultimately in the determination 
of the structures of these molecules in the solution 
state^’^. Thus methods that can help narrow the reso¬ 
nance line widths of the very crowded spectra of very 
large molecules can contribute significantly to the ongo¬ 
ing efforts to push the upper size limits of molecules 
beyond that of 25 kDa that can be currently studied by 
NMR spectroscopy^"^. Increasing the magnetic field 
strength (Bq) to up to 18.72 T (vh = 800 MHz)^, com¬ 
bined with heteronuclear and multidimensional NMR 
experiments^""^ using ^^N, and isotopic labelling 
of the molecules^, have successfully improved the sen¬ 
sitivity of the signals for mid-sizedproteins (10-20 kD). 
In addition, the resolution of the data has improved with 
the use of digital signal processing and over-sampling 
technqiues^^. However, there is still room for improve¬ 
ment by addressing other factors that can adversely af¬ 
fect the quality of a NMR spectrum. 

In most of the experimental methods in use, protons 
are always detected in the acquisition dimension in or¬ 
der to take advantage of the inherent high sensitivity of 
these spins. The free induction decay (FID) collected at 
the end of each transient of an experiment is a mixture 
of the protons from the molecule of interest and from 


‘'•'This manuscript is dedicated to Prof. C. L. Khetrapal, Sophisticated 
Instruments Facility, Indian Institute of Science, Bangalore on the 
occasion of his 60th birthday. 
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the solvent molecules. The concentration of protons due 
to solvent can be thousands of times higher in magnitude 
than that of the molecule studied, and thus the solvent 
protons can greatly influence the quality of the NMR 
data. For example, to observe the exchangeable amide 
resonances in proteins and imino and amino protons in 
nucleic acids under biologically relevant conditions, it is 
necessary to dissolve these molecules in aqueous buffers 
consisting of 90-95% H 2 O. The concentration of water 
protons is thus approximately 100 M, while that of the 
sample is typically only 1-2 mM. 

Standard NMR methods completely ignore the pos¬ 
sibility that the individual spins may be influenced by 
the bulk nuclear magnetization of the whole sample, 
predominantly those of the water spins. Detection of the 
water resonances through a tuned circuit introduces an 
effect commonly known as radiation damping, which is 
a combined manifestation of the spin system and the 
electronic resonance circuit assembly. This effect is di¬ 
rectly proportional to the strength of Bq and the concen¬ 
tration of these spins. Although this phenomenon 
is commonly referred to today by the name ‘radiation 
damping’ given to it by Bloembergen and Pound^^ in 
1954, it was first described by Suryan^^ almost 50 years 
ago in 1949 in a landmark paper. Yet, many researchers 
fail to acknowledge this original work. Therefore in this 
manuscript, I would like to revisit and recognize Su¬ 
ryan’s line broadening’ effect with the emphasis on the 
impact of this phenomenon when using increasingly 
higher magnetic fields to study biological macromole¬ 
cules in aqueous solutions. In order to be consistent 
with the current literature on this subject, the term 
‘radiation damping’ will be used in this review. How¬ 
ever, the term does not accurately describe the effect. 
According to Abragam^^, although this process results in 
the eventual vanishing of the transverse magnetization, 
it is not a damping effect since the length of the mag¬ 
netization vector is unchanged. Jeener and co-workers^"^ 
recently reinforced this concept and agree that it is 
rather ‘unfortunate’ to describe this phenomenon as ra¬ 
diation damping. Radiation feedback or Suryan’s line 
broadening effect would have been a more suitable 
name. 

Radiation damping can be best described in the fol¬ 
lowing fashion. The processing transverse magnetization 
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of the water protons after a radio frequency pulse in¬ 
duces an electromagnetic field (emf) in the receiver coil. 
This creates an oscillating current that generates a trans¬ 
verse magnetic field at the same frequency. This induced 
field rotates the magnetization of the solvent spins to its 
equilibrium position toward the direction of the applied 
magnetic field before other relaxation mechanisms can 
take effect. The rate at which the solvent magnetization 
is rotated to equilibrium is given by a characteristic time 
constant known as the radiation damping rate, . 
For example, a sample of water in a NMR spectro¬ 
meter operating at 400 MHz will have a Tfd value of 
around 20 ms, while the expected spin lattice (Ti) and 
spin-spin relaxation (Ti) times of water have durations 
of the order of more than hundreds of milliseconds. The 
decay of the time domain signal is thus dominated by the 
much shorter rather than the longer T 2 , Yet despite 
the importance of this effect in causing significant 
broadening of the NMR signals, a literature search 
shows that the total number of papers that discuss radia¬ 
tion damping with reference to NMR during the time 
period from the date of its discovery in 1949 to 1985 is 
only 15. This number has increased to 100 in the last 
decade, indicating the increasing awareness of the im¬ 
portance of radiation damping in affecting spectral 
quality as more experiments were performed on macro¬ 
molecules in aqueous solutions at higher field spec¬ 
trometers. 

Several interesting papers appeared in the late fifties 
on the topic of radiation damping based on the equations 
of Bloembergen and Pound^^ Bruce et al.^^ have ex¬ 
perimentally shown the effect of radiation damping on 
broadening of the resonance line shape, and Bloom^^ has 
described the analytical solutions of the Bloch equations 
with radiation damping for slow and fast passage ex¬ 
periments. Szoke and Meiboom^^ have experimentally 
demonstrated the effect of tuning the receiver coil of the 
probe on radiation damping, while in a comprehensive 
work, Hobson and Kaiser*®, simulated the effect with an 
explicit computer algorithm. 

In the absence of collective effects, Bloch’s differen¬ 
tial equations for the components of average spin 
magnetization are linear and all standard discussions on 
spin dynamics are based on this linearity. The presence 
of an induced magnetic field, such as radiation damping 
which is explicitly dependent on the average spin mag¬ 
netization, makes these equations nonlinear. The 
mathematical analysis of radiation damping in the 
modified Bloch-Maxwell equations proposed by 
Bloembergen and Pound**, in the rotating frame is given 
by 
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(lx), (ly) and {/^) are the expectation values of the Z, Y 
and 2 components magnetization and (/|^) is the equi¬ 
librium value, given by the Boltzman distribution at 
high field and high temperature approximation, co is the 
frequency of spin in the rotating frame rotating at an 
angular frequency D., given by o) = and Qq is 

the applied static magnetic field in frequency units. 
Ri (Tf*) and R 2 (Tf^) are the spin-lattice and spin-spin 
relaxation rates. r,.d is the classical radiation damping 
time given in SI units by**’*^ 

t;J = 2jt?jQ,yMo. ( 2 ) 

In eq. (2), 77 is the filling factor defined as the ratio of 
the probe coil volume to the sample volume enclosed 
within, Qc is the quality factor of the resonance circuit 
(Qc = (i^LIC\ CO, L and C are frequency, conductance and 
capacitance of the resonance circuit) and y is the gyro- 
magnetic ratio of the observed spin. Substituting for Mo> 
the thermal equilibrium magnetization for spin half nul- 
cei*^’^**, eq. ( 2 ) can be rewritten as 
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( 3 ) 


where h is Planck’s constant (6.6262 x 10"^'* kgs"'), 

Afo is the number of spins per unit volume (typically 
1.3x10^^ protons per 200 p .1 of water)^*^, Eq is the 
strength of the magnetic field in Tesla, k is the Boltzman 
constant (1.3806 x 10“^^ m^ kg s“^ K“*) and T is the tem¬ 
perature of the sample in K. Eq. (3) clearly shows that 
the rate at which the magnetization vector is rotated is 
directly proportional to the experimental parameters, 
quality factor and choice of the spectrometer frequency. 
De-tuning the probe will thus decrease the effect of ra¬ 
diation damping by reducing the sensitivity of the solute 
signals. Following the formulation provided by Mao and 
Ye^*, the value of can be evaluated from the water 
line width, Avm measured in the spectrum obtained us¬ 
ing a non-selective 90° pulse as: 
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The magnitude of the radiation damping field can 
be calculated using the equation provided by Abragam^^ 
as 
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For example, a magnetic field of 11.7 T (500 MHz), 
rjQ of 10, and 0- 90°, yields a radiation damping field 
of 16 Hz (ref. 23). This field is significantly smaller 
than the radio frequency field of 25 kHz, generated by 
typical 90° pulse (pulse width of 10 |Lis) in a high field 
NMR spectrometer. 

Radiation damping effects even simple NMR experi¬ 
ments in unexpected and novel ways. Solutions to eq. 
(1) for a single spin with radiation damping is by itself 
one of the interesting problems. Many attempts have 
been made to obtain an analytical solution for the most 
general case. One such solution was presented recently 
by Barbara^"^ using an elegant projection technique. Here 
a numerical integration procedure is adopted to solve 
eq. (1). Self-consistent numerical integration proce¬ 
dures^^ that can automatically adjust the step size of the 
integration are used in the calculations. Standard For¬ 
tran-77 is used for the code (available on request from the 
author). It should be mentioned here that the radiation 
damping phenomenon can also be explained by using a 
quantum mechanical treatment of the spin system. Shrivas- 
tava^^ was first to treat Suryan’s line broadening using 
quantum mechanical treatment and the readers are referred 
to the work by Abergel and Lalleman^^ and Jeener and co- 
workers^^ for a detailed description of this method. 

In order to demonstrate the effect of radiation damp¬ 
ing as a function of the excitation pulse angle, Figure 1 
shows the calculated plots of the time domain signal as 
the water spins are flipped increasingly away from their 
equilibrium positions along Bq. The plots were obtained 
by numerical integration of eq (1). The FID in Figure 

1 c, which was obtained after a 135° pulse, already 
shows the signs of radiation damping. The echo-like 
shape of the FID in Figure 1 d after near inversion 
(pulse angle of 179.99°) is typical of a strongly radia¬ 
tion damped signal. The effect to applied magnetic field 
on radiation damping can be more easily seen in the 
simulated spectra shown in Figure 2. For a flip angle of 
150°, the line width of the water signal increases with a 
corresponding linear decrease in r^d as the magnetic 
field is increased. For example, trd decreases from 40 ms 
to 15 ms by increasing the field from 300 MHz (Figure 

2 a) to 800 MHz (Figure 2 e), respectively. It is inevi¬ 
table that radiation damping will be a part of every 
spectrum of molecules in solvents containing a high 
concentration of protons. The increased sensitivity of 
high field NMR spectrometers is a double-edged sword. 
On the one hand, the increased sensitivity allows the 
acquisition of NMR data for samples at lower concen¬ 
trations, but at the same time, it makes it possible to 
observe radiation damping effects which were once 
considered negligible only a short time ago. 

Re-examining the effect of radiation damping on the 
quality of NMR spectra opens up several new avenues 
of research in high field NMR spectroscopy, since op¬ 
timization of the sample signals alone do'^s not 
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Figure 1. Flip angle dependence of water resonance: Panels a, b, c 
and d are the simulated water free induction decay (FID) acquired 
after a 45°, 90°, 135° and 179.99° pulses respectively, while the 
panels a\ b\ c' and d' are the corresponding Fourier transformed 
spectra. The tin^e domain data are simulated by numerical integration 
of eq. (1) with the parameters; Trd = 25 ms, /?i=:/?2=10Hz and 
o) = 50 Hz. The calculations are performed over 1024 complex points 
with a spectral width of 250 Hz and the time domain data are fast 
Fourier transformed using FELIX-97 (MSI Inc.) without any apodi- 
zation. The time and frequency domain data are normalized with 
respect to panels d and d' respectively. 

guarantee an improvement in the quality of the data. 
Techniques to suppress, utilize and control radiation 
damping during the entire course of an experiment need 
to be developed. Examples of techniques to suppress 
radiation damping include simple pre-saturation^^ of the 
water signal to multiple excitation pulses^^, in combina¬ 
tion with pulsed field gradients^Radiation damping 
is difficult to control during the course of a multiple 
pulse experiment since the water spins undergo the same 
set of pulses as that of the sample protons. Recently, 
there has been some effort reported in the literature to 
actually use radiation damping to improve the perform¬ 
ance of some pulse sequences. Pulsed field gradients are 
applied after inverting the water magnetization to effec¬ 
tively control the rate at which the magnetization 
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Figure 2. Simulation of Suryan’s line-broadening effect as a func¬ 
tion of the spectrometer frequency. Panels a, b, c, d and e correspond 
to spectrometer field strengths in terms of proton frequencies 300 
(7.02 T), 400 (9.36 T), 500 (11.7 T), 600 (14.04 T) and 800 MHz 
(18.72 T), respectively, tni at 300 MHz is assumed to be 40 ms, the 
rest are scaled according to eq. (3). The tip angle of the read pulse is 
150^ while the rest of the simulation parameters remain the same as 
in Figure 1, ignoring the field dependency of relaxation rates. 

recovers to equilibrium between the lower and upper 
limiting rates governed by radiation damping and other 
relaxation processes, respectively^^ Price et have 

utilized this method in combination with the WEFT 
method pf Patt and Sykes^^ as a water-suppression 
technique. Radiation damping has been successfully 
used to control water magnetization in experiments de¬ 
signed to measure amide proton exchange rates in 
labelled proteins (V. V. Krishnan and M. Ranee, unpub¬ 
lished results) and in triple resonance experiments to 
optimize the sensitivity of rapidly exchanging protons'^^. 
Methods that leave the water magnetization close to its 
equilibrium orientation significantly reduce radiation 
damping during the course of a pulse sequence, and 
these methods when incorporated in a standard pulse 
sequence are called water-flip back experiments'^ 


More recently, schemes to eliminate radiation damp¬ 
ing based on novel probe and electronic circuit designs 
have been proposed'^^"'^^. These methods include high 
gain electronic feedback'^^, FID compensation by de¬ 
coupling the input signaf^^, and a probe with a multiple 
coil design with Q switching'^^"'^^ Broekaert et al. have 
recently speculated that a combination of pulse se¬ 
quences and specially designed probes may soon make 
the deleterious effects of radiation damping history. 

The induced magnetization process of radiation 
damping is one of two collective effects, which result 
from placing a high density of protons in an external 
magnetic field. The other effect, known as a dipolar 
field'"’*’^^, is sometimes confused with radiation damp- 
in Therefore, a brief description of the dipolar 

field is included here to complete the discussion on ra¬ 
diation damping, and the reader is referred to articles by 
Teener and co-workers^^”*’^”'^^’'*'^, and Levitt^^ for further 
details about dipolar fields and the differences between 
these two effects. A dipolar field refers to creation of 
additional magnetic field in each spin. As in the case of 
radiation damping, a dipolar field is proportional to the 
nuclear spin density and the strength of the external 
magnetic field. However, unlike radiation damping, it 
has a strong dependency on the shape of the sample and 
the spatial distribution of the nuclear spin magnetiza- 
tion'^'’^^’’^'^'^^ In addition, dipolar effects are inde¬ 
pendent of the quality factor (Q^) of the resonance 
coii-‘’i-52.59-6i^ More importantly, radiation damping di¬ 
minishes the quality of the spectra to a greater extent 
than does the dipolar field. For example, a typical 
600 pi sample of water in a 5 mm diameter cylindrical 
tube placed on a 600 MHz spectrometer produces a di¬ 
polar field resulting in a shift of the NMR signal of the 
protons of the order of I Hz, while is of the order of 
100 Hz (refs 58, 59). 

In summary, I have tried to present an overview of Su¬ 
ryan’s line broadening effect or so-called radiation 
damping with a historic perspective and by revisiting the 
phenomenon’s impact on the quality of the spectra of 
samples in aqueous solutions obtained using high field 
NMR spectrometers. The classical description of radia¬ 
tion damping based on the Bloch-Maxwell equation was 
presented and solved by numerical integration methods. 
Various methods that suppress or use radiation damping 
have been discussed. The effect of radiation damping on 
the relaxation rate of a water signal was demonstrated 
by calculating the FID as a function of different excita¬ 
tion pulse widths. In addition, the effect of increasing 
the magnetic field strength on broadening the line width 
was demonstrated by computer simulation. Re¬ 
investigating the effects of radiation damping in high 
field NMR spectra of samples in aqueous solutions 
challenges commonly held theoretical assumptions as 
well as opened up several new avenues for research in 
pulse sequence development, electronic circuit, and 
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probe design. The impact of collective spin effects such 
as radiation damping on the quality of NMR spectra of 
molecules dissolved in aqueous solution using high field 
magnets cannot be ignored. The ultimate goal of obtain¬ 
ing high resolution, accurate structure of biomolecules 
in solution depends on obtaining high quality NMR 
data. Consideration of methods that can either eliminate 
or beneficially use radiation damping will enable re¬ 
searchers to reach this goal. 
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Methanogenic bacteria were found strongly adhered 
to several green biomass feedstocks digested in a 
solid-phase stratiHed bed (SSB) biogas fermentor, 
and hence these digested feedstocks were examined 
for their potential for use as methanogen support for 
a high-rate biogas fermentor. A 1,11 experimental 
down flow fixed bed (DFFB) fermentor was operated 
at 35°C using synthesized liquid waste. This gave gas 
production levels up to 6.51/1/d. Methanogenic activities 
measured on such biomass support material exhibited a 
potential to achieve much higher biogas production. 
Short-duration thermal and feed shocks were tolerated 
without their exhibiting typical methanogen washout 
characteristics. The DFFB fermentor functioned well 
even at 21 ± 1°C, with gas production rates up to 3 l/l/d, 
and thus appeared to have potential for producing 
biogas at small scales and at high rates from various 
combinations of liquid and solid biomass wastes. 

Biogas production process follows two major stages, 
involving conversion of complex polymers to many 
intermediates, mainly volatile fatty acids (VFA) - 
acidogenesis - and H 2 , which are in turn converted to 
methane and carbon dioxide - methanogenesis. 
Methanogenesis is usually the rate-limiting step due to 
low growth rates of methanogens^ Hence, conditions of 
suspended growth (in tank reactors) result in 0.3-0.8 1 
biogas/1 reactor/day (l/l/d) (refs 2, 3). Acidogenesis 
(when not rate-limiting, e.g. whey) is 8-10 times faster 
than methanogenesis^. Retaining methanogens for longer 
periods in the reactor (longer than the liquid) usually 
overcomes the limitation of low-growth rates of 
methanogens. Dense bacterial granulation (upflow an¬ 
aerobic sludge blanket, UASB) and methanogens at¬ 
tached to inert surfaces (fixed-film reactors) enable long 
retention periods for methanogenic bacteria. These, 
however, require a great degree of process control to 
ensure stable operation and retention of methanogenic 
bacteria"^’^. Simple fermentation concepts and methano¬ 
gen support materials are required to achieve high- 
biogas production rates (> 5 l/l/d) at small-scale opera¬ 
tion in the Indian context. 

Previous studies on two-phase and solid-phase biogas 
fermentation indicated that methanogens colonized and 


*For correspondence. 


adhered strongly to partly-digested herbaceous biomass 
feedstocks^"*®. Digesting of biomass feedstock ((§>30- 
40 d SRT), exhibited methanogenic activities of 120- 
800 |il CHVg biomass/h (4.8-32 ml biogas/g/d)^ by 
methanogenic bacteria which was strongly bound to 
biomass feedstocks and was neither dislodged during 
maceration nor by subsequent washing with water 
(ASTRA 1994, unpublished studies). Such biomass was 
then envisaged as ideal bacterial support in bio¬ 
methanation of liquid wastes. The potential and charac¬ 
teristics of such methanogenic-bacteria-colonized, di¬ 
gested biomass feedstock used as a bacterial support in a 
down flow fixed bed (DFFB) fermentor was examined in 
this laboratory-scale study. This study could also lead to 
co-fermentation concepts, involving simultaneous di¬ 
gestion of solid and liquid wastes. 

Material and methods 

Feedstock 

A typical liquid waste, comprising of suspended and 
dissolved solids, was prepared with known weights of 
rice flour in 50-100 ml boiling water. This was further 
diluted with anoxic water and fermentor effluent accord¬ 
ing to the required strength and fed to the fermentor. 
Feed rates in increasing steps of 1.5 g total solids (TS/d 
up to 9 g TS/d) were adopted as presented in Table 1, 
The TS and volatile solids (VS) content of rice flour 
samples used were as follows: 

Rice flour Period used TS% VS% 

Sample 1 1-156 d 89.85 95.70 

Sample 2 157-210 d 88.07 93.42 

Fermentor design 

A 100 mm diameter, laboratory-scale DFFB fermentor 
was fabricated with PVC pipe to provide a 1.1 1 total 
volume. This lab-scale DFFB fermentor was initially 
packed with 400 g digested biomass feedstock (bacterial 
support) extracted from a field-scale SSB biogas diges¬ 
ter. The biomass feedstock was packed between two 
corrugated stainless steel meshes to prevent its floating 
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Table 1. Fermentor operation pattern 


Period 

operated 

(days) 


Feed rate 


Feeding 

frequency 

no./d 

Effluent 
recycle 
vol (1) 

Total 

feed 

(1) 

g/d 

gTS/d 

gVS/d 

1 

1.5 

1.34 

1.29 

1 

0.5 

0.5 

5 

3.0 

2.70 

2.58 

2 

1.0 

1.0 

16 

4.5 

4.04 

3.87 

3 

1.5 

1.5 

28 

6.0 

5.39 

5.16 

3 

1.5 

1.5 

18 

7.5 

6.74 

6.45 

3 

1.2 

1.5 

9 

9.0 

8.09 

7.74 

3 

0.9 

1.5 

5 

9.0 

8.09 

7.74 

3 

0.6 

1.5 

8 

5.0 

4.49 

4.30 

2 

0.2 

1.0 

4 

0.0 






20 

3.0 

2.70 

2.58 

2 

0.5 

1.0 

8 

3.0 

2.70 

2.58 

2 

0.5 

1.0 

1 

3.0 

2.64 

2.46 

2 

0.5 

1.0 

2 

1.5 

1.32 

1.23 

1 

0.3 

0.5 

2 

3.5 

3.08 

2.87 

2 

0.5 

1.0 

12 

4.5 

3.96 

3.69 

2 

0.5 

1.0 

2 

0.0 






5 

5.0 

4.40 

4.10 

2 

0.5 

1.0 

5 

0.0 






12 

4.0 

3.52 

3.28 

2 

0.5 

1.0 

14 

6.0 

5.28 

4.92 

2 

0.5 

1.0 

33 

4.5 

3.96 

3.69 

2 

0.5 

1.0 


as well as for easy release of gas. The gas produced 
daily was collected by downward displacement of water 
in a 4 1 storage vessel. 

Operation 

The DFFB fermentor was normally operated at 35°C 
unless for some specific reasons the temperature was 
altered to introduce perturbations. The DFFB fermentor 
was fed intermittently (2-3 times daily) as in Table 1. 
The gas produced daily was measured by the downward 
displacement of water. It was envisaged that the feed¬ 
stock thus prepared would represent biogas production 
from a wide range of effluents and wastes which contain 
both soluble and particulate fermentable and non- 
fermentable matter. This liquid feedstock was intro¬ 
duced from the top and the fermentor was immediately 
sealed. The effluent was collected and stored for recy¬ 
cling and analyses. 

Biomass used for bacterial support 

The biomass used as bacterial support was derived from 
digesting a green biomass feedstock which comprised of 
75% w/w Synedrella nodiflora (a locally-occurring 
weed) and 25% w/w segregated urban garbage at a SRT 
of 45 d. At the time of start-up the bacterial support 
used in DFFB fermentor underwent a short and rapid 
initial disintegration for 3 d. Particulate material of this 
support was detected in the effluent during this period. 


The bacterial support also underwent a gradual disinte¬ 
gration during the study period. As a result of this, 
it was necessary to replenish the bacterial support 
after 93 d of operation. About 40% v/v of the original 
bacterial support was lost through disintegration, 
washout and possibly some degree of compaction. 
Additional bacterial support material (200 g) was 
introduced into the DFFB fermentor to compensate 
for this loss. This bacterial support material at this 
stage was mainly of urban garbage origin. The operation 
. was continued in this mode for a period of 210 d with a 
second cycle of gradually increasing feed rates. After 
a 210 d study period, the fermentor was dismantled 
and examined for physical and microbiological charac¬ 
teristics. 

Start up 

The biomass-packed DFFB fermentor was initially filled 
with the digester liquid extracted from a SSB biomass 
fermentor. During start up, the feed was prepared in re¬ 
cycled effluent and operated at room temperature be¬ 
tween 23 and 25°C. After a 5 d operation when residual 
gas production of the support material fell to low levels, 
the fermentor was operated at 35°C. A step-wise in¬ 
crease in feed rate was followed as given in Table 1. A 
particular feed rate was maintained till the daily gas 
production levels became steady. 

Physico-chemical analyses 

TS, VS, VFA content, gas composition, pH, etc. were 
determined according to standard methods^’^^. The VFA 
and gas composition were determined by a gas chroma¬ 
tograph^. 

Potential methanogenic rates on biomass support 

The potential methanogenic rates on residual bacterial 
support material were determined in the presence of un¬ 
limited methanogenic substrates without pH control by a 
method similar to that reported previously^’^^ Biomass 
support as well as the digestor effluent were sampled 
from the DFFB fermentor at two different feed rates. 
Bacterial support in wet state (2 g) or effluent samples 
(20 ml) extracted from the fermentor were placed in 
65 ml vials (in triplicate). These vials were rapidly 
flushed with biogas immediately to remove traces of 
oxygen, capped with rubber stoppers and crimp-scaled. 
Subsequently they were flushed with 02-free nitrogen to 
lower the methane content in the head space gas. The 
vials with solid biomass were injected with 2 ml anoxic 
water to act as a water seal. These vials were fed one of 
the following methanogenic substrates; 30 mg sodium 
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acetate in 20 ml anoxic water, 15 ml H 2 + 5 ml CO 2 , no 
additional substrate (control), in order to determine 
the aceticlastic, hydrogenotrophic and residual 
methanogenic activities, respectively. These vials 
were incubated in upside down position at 22 ± 1°C for 
5, 40 and 40 h for hydrogenotrophic, aceticlastic and 
residual activities, respectively. These short incubation 
periods used for the assay did not provide opportunities 
for extensive methanogen multiplication and hence 
they reflected potential methanogenic activities existing 
on the support material within the fermentor. The 
methane content of the head space gas was determined 
by a GC before and at the end of the incubation period 
after adjusting head space gas to atmospheric pressure. 
The net methane produced during the incubation period 
was determined by difference. These methanogenic rates 
were obtained as pi CH 4 /g support (or ml effluent)/h. 
These values were later converted to ml biogas/g/d 
(assuming a biogas composition of 60% CH 4 and 40% 
CO 2 , conversion factor 1 pl/g/h = 0.04 ml/g/d). This 
facilitated comparison of the performance with other 
high-rate reactors. Methanogenic activities found on 
various other biomass feedstocks sampled from labora¬ 
tory-scale SSB fermentors at various SRTs were also 
determined in a similar manner and were used for com¬ 
parison. 

Feed and temperature shocks 

Temperature shocks, as are likely to arise from equip¬ 
ment and power failure, were introduced for short peri¬ 
ods in a few instances (Figure 1 a)\ i) typical thermostat 
failure leading to high temperature (60°C for about 4 h), 
ii) no heating which lowered temperature to 24°C for 
24 h on two occasions. The resumption of gas produc¬ 
tion after these shocks was monitored without any other 
alterations to the operation. Feed shocks were intro¬ 
duced by abrupt reduction in feed rates on two 
occasions and the rate of change in gas production 
was monitored. Between 180 and 210 d of operation, 
the fermentor was operated at room temperature 
(21 ± 1°C) to determine its performance at ambient tem¬ 
perature. 

Volatile solid conversion efficiency 

The feed VS to gas conversion efficiency was computed 
as follows. The mass of biogas (60% CH 4 , 40% CO 2 ) 
produced (gas production volume corrected for tempera¬ 
ture, pressure and vapour pressure), divided by the mass 
of VS fed was used to compute VS conversion effi¬ 
ciency. While the conversion efficiency was computed 
daily, the average weekly values were plotted in 
Figure 1 a. 



Figure 1. Operation and performance characteristics of laboratory- 
scale DFFB fermentor using digested biomass as methanogenic sup¬ 
port (values are 7 d average). Numerals indicate the following 
feed/operation shocks. I, Reactor reaching 60°C for 4 h due to thermostat 
failure; 2, 200 g additional bacterial support added; 3, 4 and 5, No feed 
addition for 2, 5 and 3 days, respectively, □, garbage as support; 
O, Synedrella, garbage as support; A, garbage + Synedrella at 22°C. 

Results and discussion 

Daily gas production 

The gas production pattern (Figure 1 b) in relation to a 
step-wise increase in feed rate (Figure 1 a) as well as a 
gradual replacement of the recycled effluent by anoxic 
water was studied (Table 1 ). It was observed that up to a 
daily feed rate of 7.74 g VS/l/d the gas production rose 
to support conversion rates of 6.4 g VS as gas with an 
overall conversion efficiency of 85% (Figure la). At 
each step increase (1.5 g) in feed rate, there was a lag in 
corresponding rise in gas production rate, the slope of 
which corresponds to about 0.2 g/d. This indicates that 
while restarting operation or at start-up, the feed rates 
need to be enhanced in steps of 0.2 g/l/d to ensure 
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complete conversion of substrates (Figure 1 a, b) during 
start up. Following this gradual rise in gas production, 
the VS converted to gas, measured on a daily basis, ex¬ 
ceeded the VS fed on certain days. This indicated that a 
part of the feedstock was retained in the fermentor and 
was subsequently decomposed to biogas. 

Potential volatile solid conversion and gas 
production rates 

The VS converted tongas at different feed rates showed a 
linear trend (Figure 1 c). The gas production rates rose 
to high levels in response to increased feed stock addi¬ 
tion until a daily feed rate of 6.4 g VS/l/d. At higher 
feed rates, the gas production rates appeared to level off 
indicating this to be the maximum feed rate possible. At 
a feed rate of 7.74 g VS/l/d the fermentor was stable as 
long as 60% of the effluent was recycled. Thus this set 
up could support a feed rate of about 7.74 g VS/l/d cor¬ 
responding to a biogas production rate of 16.25 ml/g/d 
(406 |il CH 4 /g/h) by the support material used. An at¬ 
tempt was made to reduce the dependence on the extent 
of effluent recycled. When the extent of effluent was 
reduced to 40% v/v, the fermentor became unstable and 
the effluent gradually became acidic (pH 6 . 6 ). At this 
stage the fermentor was opened to determine the cause 
of failure, and this was found to be due to depletion of 
bacterial support within the DFFB fermentor. 

Life of the biomass support 

The DFFB fermentor used in this study was packed with 
bacterial support made of anaerobically digested bio¬ 
mass feedstock as mentioned earlier. Previous studies 
had shown that such materials underwent 50-70% VS 
destruction in typical SSB digesters after 45 d SRT (ref. 
12 ) and were colonized by various methanogenic bacte- 
ria^’^. In this study we found that significant levels of 
methanogenic activities were already present on various 
digested biomass feedstocks examined (Table 2). Many 
cellulolytic bacteria colonized such biomass feedstocks 
at later s.tages^’^^’^*"'. Biomass feedstocks were hence ex¬ 
pected to undergo a slower secondary decomposition. 

Table 2. Methanogenic activities* on a few typical biomass feed¬ 
stocks 


Aceticlastic Hydrogenotrophic 

Type of SRT -SRT -^- 

feedstock (d) pl/g/h ml/g/d (d) pl/g/h ml/g/d 


Parthenium (fresh) 

71 

224 

8.96 

71 

696 

27.84 

Paper mulberry (fresh) 40 

224 

8.96 

56 

299 

11.97 

Synedrella (fresh) 

40 

209 

8.36 

46 

408 

16.33 

Sugarcane trash (dry) 

41 

204 

8.16 

41 

267 

10.67 


*pl CH 4 /g/h or ml biogas/g/d at 22°C. 


This in turn would result in its slow disintegration when 
used as bacterial support in DFFB fermentors and would 
require periodic replenishment. However, there were no 
indices to estimate this rate from any of the previous 
work. 

When the DFFB fermentor showed signs of failure at 
high feed rates after a 93 d operation, the fermentor was 
opened to determine the health and nature of the bacte¬ 
rial support. It was observed that a significant quantity 
of this biomass support had disintegrated and biomass 
remaining in the fermentor occupied only about 60% of 
the original packed volume. An additional quantity of 
200 g digested biomass feedstock was added (wet 
weight basis). This permitted resumption of the DFFB 
fermentor and high rate gas production. When the fer¬ 
mentor was dismantled after a 210 d operation, 300 g 
wet biomass (@12.5% TS) was recovered from a total of 
600 g used. From the difference in mass of bacterial 
support used and recovered, it was calculated that 300 g 
of biomass support disintegrated during a 210 d opera¬ 
tion (average 1.4 g/d). Therefore we conclude that the 
bacterial support needs to be replenished at this rate to 
maintain a high conversion rate (ignoring possible 
changes in quality of bacterial support). 

At a packing density of < 400 g/1, no fouling or flow 
problems were encountered. At a higher packing density 
(data not shown), significant bacterial growth as well as 
feed residue was encountered on the upper surface of 
biomass support which impeded flow. It is hence con¬ 
cluded that a packing density of < 400 g /1 (wet basis, 
c.12.5% TS) was optimum. 

Methanogenic activity on biomass support 

From the measurements of methanogenic activities on a 
few potential bacterial support materials (digested bio¬ 
mass feedstocks. Table 2), it is clear that even at 22°C 
about 3.6 and 6.6 1/1/d biogas is possible through aceti¬ 
clastic and hydrogenotrophic routes, respectively 
in a reactor set up as used in this study (assuming 
400 g support/1 and 60% CH 4 ). Previous work on fer¬ 
mentation of biomass feedstocks in SSB digestors^'^ 
showed that most of the methanogenesis occurred on 
decomposing .biomass feedstock itself. Further, these 
methanogens were strongly bound to decomposing bio¬ 
mass feedstocks and were not easily dislodged by 
mashing in the presence of water or a mild detergent 
(ASTRA, 1994, unpublished study). These results indi¬ 
cate that a wide variety of digested green and dry bio¬ 
mass feedstocks are suitable for use as methanogen 
support. 

From the levels of methanogenic activities obtained 
(Table 3), it was clear that the biomass support used was 
responsible for the high rates of biogas production 
rather than the digestor liquid. The potential methano- 
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Table 3. Methanogenic rates measured at 22°C on biomass support 
(Expressed as ml biogas (@60% CH 4 )/g fresh biomass (@1I% 

TS)/d) 


Source of 


Biogas production rate 


Aceti¬ 

Hydrogen¬ 


methanogenic 

activity and 

clastic 

otrophic Residual 

Total 

feed rates 

(1) 

(2) (3) 

(1+2) 


Feed rate 3g/l/d 


Effluent 

0.06 

O.ll 

0.11 

0.17 

Biomass 

4.2 

7.56 

0.14 

11.76 

Feed rate 4.5 g/l/d 
Effluent 

0.09 

0.22 

0.04 

0.31 

Biomass 

7.15 

13.54 

0.95 

20.69 


For effluent read as ml/ml effluent/d, to obtain values as pi CH 4 /g/h 
multiply by 25. 


genic rates (Table 3, at 22°C) when compensated for 
400 g/1 bacterial support and a 35°C operating tempera¬ 
ture would be much higher than the maximum gas pro¬ 
duction rates (6.4 1/d, Figure 1 c) obtained in this study. 
Even when gas production rates began to fail at high 
feed rates (7.74 g VS/l/d), only low levels (< 1 g/1) of 
unconverted VFA was detected in the effluent. These 
observations indicated that the bacterial support system 
in this study was limited by the availability of methano¬ 
genic substrates. High levels of unconverted VFA 
(> 1.5 g/1) were recorded only when effluent recycling 
rate was reduced. 

It was envisaged that when these materials were used 
as bacterial support in DFFB biogas fermentors, the po¬ 
tential aceticlastic and hydrogenotrophic methanogenic 
activities would increase as a result of high substrate 
availability and concomitant bacterial growth. However, 
although we find an increase in methanogenic activity 
with increased feed rates (Table 3), the methanogenic 
activities (at 4.5 g/l/d) are in a similar range as meas¬ 
ured for other feedstocks before being used in DFFB 
fermentor (Table 2). It may therefore be concluded that 
the aceticlastic methanogenic activity is likely to be 
saturated at about 225 (tl/g/h (9 ml biogas/g/d, at 22°C 
and conditions employed). Further, although high hy¬ 
drogenotrophic activities are possible (Tables 2 and 3), 
it may not be desirable to have high levels of hydrogen 
in the fermentor because it results in several perturba¬ 
tions. 

Starvation and temperature shocks 

A 24, 48 or 96 h interruption in feedstock addition did 
not create serious imbalances in subsequent fermentor 
performance. The fermentor recorded pre-stressed levels 
of gas production within 72 h of resuming normal feed 
rates. A temperature shock (60°C for 4 h or 22°C for 


1 d) gave a similar response as in the case of feed 
shocks (Figure 1 a). These two preliminary observations 
show that biomass support provides a significant level 
of protection against such shocks. 

Conversion efficiencies at ambient temperatures 
(21 ± 1°C) were reduced to levels in the range of 
60-70% of VS added. The lowered gas production was 
not accompanied by reduced pH or increased VFA in 
effluent (souring). This indicated that the cause was a 
lowered rate of acidogenesis and inadequate HRT 
rather than inadequate methanogenic activities. Gas pro¬ 
duction rates up to 3 l/l/d corresponding to a feed rate of 
3.69 g VS/l/d were recorded. These rates are reasonably 
high and indicate potential to operate such reactors at 
ambient temperatures and longer hydraulic retention 
time. 


Conversion efficiencies 

During the initial phase, up to 93 d, very high conver¬ 
sion efficiencies (Figure 1 a, c) were recorded. These 
conversion efficiencies have been recorded at HRT val¬ 
ues in the range of 8-16 h and compare well with other 
high rate fermentor operations reported^"*. These con¬ 
version efficiencies and rates have been possible only at 
a high level of effluent recycling. Alternative techniques 
to overcome/reduce the dependence on effluent recy¬ 
cling needs to be found in future studies. 

Conclusions 

Anaerobically digested biomass is a simple support 
for methanogens. A wide variety of biomass feedstocks 
can act as methanogen support and these supports can 
be used in high rate down flow fixed bed biogas 
fermentors and have to be replenished at the rate of 
3.6 X 10"^ g/g support used/d. The technique described 
in this study has the potential to handle both solid 
(garbage or biomass) and liquid wastes (effluents) si¬ 
multaneously. 
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Epidemiology of coronary artery disease in South 
Asians 

J. Dhawan* and S. Petkar 

Scunthorpe General Hospital, Cliff Gardens, Scunthorpe, DN15 7BH, UK 


Coronary artery disease is a major cause of death all 
over the world. South Asians have been found to 
have the highest mortality rates due to coronary ar¬ 
tery disease amongst all ethnic groups so far studied. 
Data suggests that not only are the South Asians 
prone to develop the manifestations of the disease at 
an earlier age compared to the other ethnic groups, 
they also seem to respond less well to the same 
treatment administered. Also, invasive investigations 
reveal that they have more extensive coronary artery 
narrowing than their Western counterparts. While 
the conventional risk factors of the disease, namely, 
high cholesterol, smoking and high blood pressure do 
not explain all the differences in mortality due to this 
disease, South Asians do tend to suffer more from 
diabetes, higher insulin levels, abdominal obesity, 
low high density lipoprotein levels, higher trigly¬ 
ceride levels, lower levels of physical exercise and 
higher lipoprotein (a) levels. While the exact cause of 
this increased rate of mortality due to coronary ar¬ 
tery disease has yet to be established, it appears that 
both genetic and environmental factors play a role. 
For a start, greater public awareness, adoption of a 
healthier lifestyle and vigorous control of risk factors 
need to be advocated in an attempt to come to terms 
with this problem. 


Cardiovascular disease is a major cause of death 
globally. Though in most industrialized countries, mor¬ 
tality in general and cardiovascular mortality in particu¬ 
lar have shown decreasing trends since 1970, following 
stagnation or increases observed during the 1950s and 
1960s (ref. 1), in most countries it is still responsible for 
nearly half of the deaths in men^. How do the South 
Asians (namely, people hailing from the Indian subcon¬ 
tinent, including India, Pakistan, Bangladesh, Sri Lanka, 
Nepal, Bhutan and Afghanistan^) fare when compared to 
this global trend? There have been no longitudinal or 
long-term studies performed in the Indian subcontinent 
which can throw light on this subject. A majority of the 
data available on this topic comes from studying 
disease patterns among the South Asians living abroad 
and comparing them with the natives of the country in 
which they are resident. 


*For correspondence. 


It is only in the latter half of this century that it 
came to light that the South Asians living abroad 
are more likely to die because of coronary artery 
disease than any other ethnic groups so far studied^ 
This high mortality due to coronary artery disease 
has been consistently documented among a large number 
of South Asians residing in a number of countries all 
over the world\ While the first generation South 
Asians have a risk of dying due to coronary artery 
disease intermediate between that of the country of 
origin and the country to which they have immigrated, 
amalgamation with the dominant culture is complete 
by the second or third generation. This increased risk 
of dying due to coronary artery disease is not only 
confined to South Asian men^. In fact. South Asian 
women seem to have a greater propensity of dying 
due to this disease than their South Asian male counter¬ 
parts^. 

Magnitude of the problem 

What is the magnitude of the problem of coronary artery 
disease in the Indian subcontinent and are there any per¬ 
ceived differences between various geographical re¬ 
gions? Studies done in India suggest that the prevalence 
of coronary artery disease is about 10% (ref. 6), a 
figure about four times the prevalence of coronary 
artery disease in the United States of America^ 
South India shows still higher rates of coronary artery 
disease with a prevalence of 14% in Trivandrum^ This 
prevalence rate is very similar to the rates prevailing in 
the affluent South Asians overseas. However, these 
prevalence rates are more applicable to the urban popu¬ 
lation of India. Prevalence of coronary artery disease is 
lower in rural India compared to the urban population 
but still shows an increasing trend, having increased 
from 1.7% in 1974 to 5% in recent times^. Even 
this figure of 5% is about twice that of the prevalence 
of coronary artery disease in the United States of 
America. 

Therefore, it is beyond doubt that the prevalence of 
coronary artery disease in the Indian subcontinent is 
higher than in other countries and that as an ethnic 
group, South Asian men and women are more prone to 
die of coronary artery disease than others. 
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Clinical presentation 

How does the presentation of coronary artery disease 
differ in the South Asians from the other ethnic groups? 
For a start, one notices a difference in the age groups of 
the affected populations. Generally, the propensity of an 
individual to suffer from coronary artery disease in¬ 
creases with increasing age. Coronary artery disease 
tends to affect the younger South Asian population more 
commonly than other ethnic groups. The relative risk of 
dying due to coronary artery disease between the ages of 20 
and 29 years is 3.13 as opposed to 1.36 for all age groups in 
the United Kingdom^. Similarly in Singapore, the relative 
risk of dying due to coronary artery disease among South 
Asians in the 30-39 years age group was found to be 
12.5 compared to 3.0 among Chinese men aged 60-69 
years^^. This is reflected in the increased incidence of hospi¬ 
talizations due to coronary artery disease among South 
Asians. Hospitalizations for coronary artery disease are 
two- to four-fold higher at all ages among South Asians 
and five- to ten-fold higher in those South Asians under 
40 years of age than populations of other countries^ ^ 

The other difference is in the incidence of hospitali¬ 
zation due to an acute myocardial infarction or a heart 
attack. Data from the United Kingdom shows that South 
Asians were twice as likely to be admitted to hospital 
with heart attack than the native Caucasian population^^. 
South Asians thus admitted were not only younger than 
the Whites to whom they were compared, but in spite of 
receiving the same or better treatment were more likely 
to die because of their heart attacks in the ensuing six 
months. Similar trends have also been confirmed from 
the Far East, namely, Singapore^^. 

When the South Asians were studied by coronary an¬ 
giography to determine the pattern of involvement due 
to coronary artery disease, it was found that the ana¬ 
tomical distribution of the coronary atherosclerosis was 
no different than other ethnic groups to which they were 
comparedWhat did differ was the fact that South 
Asians, as compared to ethnic groups, had more severe 
and more extensive atherosclerotic narrowing in their 
coronary arteries^"^. 

Analysis of risk factors 

Atherosclerotic coronary artery disease is more prone to 
occur in individuals with risk factors for this disease, 
namely, cigarette smoking, high cholesterol levels, high 
blood pressure, diabetes mellitus and obesity. 

Smoking 

The use of tobacco, whether in cigarette or beedi form, 
is strongly associated with an increased incidence of 
coronary artery disease the world over. Data from India 


also confirms this finding, with the smoking of 10 or more 
cigarettes or beedis per day being associated with almost a 
seven-fold higher incidence of coronary artery disease^ 
However, when we compare the prevalence of smoking 
in the Indian subcontinent with other ethnic groups, we 
find no significant difference in the prevailing rates^. 
Therefore, though smoking continues to be an important 
risk factor for coronary artery disease and proscribing 
its use should continue to be emphasized, it does not 
account for the increased mortality due to coronary artery 
disease found among the South Asians all over the world. 

Serum cholesterol 

Within and between populations, a clear association 
between cholesterol levels and the rate of coronary ar¬ 
tery disease has been demonstrated. Both the Framing¬ 
ham study^^ and the British Regional Heart Study^^ 
demonstrated an increased risk of coronary artery dis¬ 
ease within a population proportional to the serum cho¬ 
lesterol, with men in the highest quartile carrying a 
three-fold risk than those in the lowest quartile. So how 
do the serum cholesterol levels among the South Asians 
compare with those of the other ethnic groups? 

Paradoxically, the serum cholesterol levels among 
South Asians have been found to be lower than the other 
ethnic groups so far studied. While this finding does not 
take away the merit from reducing elevated cholesterol 
in those South Asians who suffer from coronary artery 
disease, it does not, however, explain the finding that 
more South Asians are likely to die because of coronary 
artery disease than other ethnic groups. 

Hypertension 

The importance of elevated blood pressure as a risk 
factor for coronary artery disease in both men and 
women has been demonstrated in a large number of epi¬ 
demiological studies. In fact, elevated blood pressure 
was the first risk factor to become the subject of specific 
recommendations by various bodies all over the world. 
Does elevated blood pressure among the South Asians 
account for the increased propensity for this ethnic 
group to succumb to coronary artery disease? Unfortu¬ 
nately, no. The prevalence of high blood pressure among 
the South Asians is no higher than Caucasians'"* and like 
smoking and serum cholesterol, does not throw any light 
as to why the South Asians should be more prone to 
coronary artery disease than other ethnic groups. 

Diabetes mellitus 

The first difference between the South Asians and the 
other ethnic groups is in the prevalence of diabetes 
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mellitus. The propensity of the South Asians to develop 
diabetes mellitus, in particular, noninsulin-dependent 
diabetes mellitus has been recognized for many years 
and was .reported over seventy years ago by McCay^^ 
who recognized a higher average blood sugar in Bengali 
men compared with the Caucasians. The prevalence of 
noninsulin-dependent diabetes mellitus among the South 
Asians is up to 20%, 3-4 times higher than the Cauca¬ 
sians*^. Therefore, is diabetes mellitus the culprit for the 
high coronary artery disease rates in the South Asians? 
Data about prevalence rates of coronary artery disease 
among the other ethnic groups with a high prevalence of 
diabetes, namely, Hispanic-Americans, African- 
Americans and native Americans, does not substantiate 
this theory^. Even the higher prevalence of impaired 
glucose tolerance found in the South Asians (equal to 
the prevalence of diabetes in this population) does not 
fully explain the increased mortality due to coronary 
artery disease amongst this ethnic group. 

Obesity 

Though South Asians as a group are not more obese 
than other ethnic groups as assessed by their Body Mass 
Index, what certainly distinguishes the South Asians 
from the’ ethic groups is their predilection to develop 
abdominal obesity, resulting in an increased waist-to-hip 
ratioAbdominal obesity, therefore, appears to be a 
strong independent risk factor for coronary artery dis¬ 
ease among the South Asians and may go some way in 
explaining the high mortality due to coronary artery dis¬ 
ease in this ethnic group. 

Turning our attention to the other risk factors for 
coronary artery disease, the finding of a low high den¬ 
sity cholesterol level in the blood combined with a high 
trigiyceride level occurs in the South Asians more often 
than by chance^°. Also, Lp (a), a genetically-determined 
lipoprotein, which not only promotes the early develop¬ 
ment of atherosclerosis but also of thrombosis, has been 
found to exist in higher proportions among the South 
Asians than the other ethnic groups and is considered to 
be a strong independent risk factor for coronary artery 
disease^*. The finding that the South Asians are com¬ 
paratively less physically active than the other ethnic 
groups also contributes in a small way to increase mor¬ 
tality from coronary artery disease among this ethnic 
group. 

Insulin resistance syndrome 

From the discussion above it is apparent that no specific 
risk factor can be singled out to explain this increased 
coronary mortality and morbidity in South Asians. How¬ 
ever, when a few of these risk factors are combined to- 
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gether, we have a potentially atherogenic situation, 
namely, the ‘insulin-resistance syndrome’. The insulin 
resistance syndrome is characterized by impaired glu¬ 
cose tolerance or noninsulin-dependent diabetes melli¬ 
tus, increased waist to hip ratio, hypertriglyceridemia, 
low high density cholesterol levels, hypertension and an 
increased predilection for coronary artery disease. In the 
principal author’s (J. Dhawan) own experience, the 
South Asian patients and the controls in the United 
Kingdom showed a correlation of this syndrome with an 
increased risk of coronary artery disease compared to 
Caucasians'^. This predisposition to insulin resistance 
and its metabolic abnormality seemed to be genetically 
determined with environmental changes after migration 
having only a small additional effect. 

Conclusion 

Summarizing the data available on this subject, one 
comes to the firm conclusion that the South Asians as a 
whole are more prone to suffer and die due to coronary 
artery disease than any other ethnic group so far studied. 
Moreover, this finding affects both sexes belonging to 
the South Asian community and tends to occur at 
younger ages than other ethnic groups. Apart from dia¬ 
betes mellitus, the other conventional risk factors of 
smoking, high cholesterol and high blood pressure are 
not higher amongst the South Asians than other ethnic 
groups and so are not helpful in explaining the increased 
rates of coronary artery disease suffered by them. What 
does distinguish them from the other ethnic groups is the 
higher prevalence of the ‘insulin resistance syndrome’, 
higher levels of Lp (a) and lower levels of physical ac¬ 
tivity. 

While one unifying factor does not explain these dif¬ 
ferences, it appears that both genetics and environment 
play their roles in causing this disease with increased 
frequency in this ethnic group. Higher prevalence of 
insulin resistance states appear to be genetically deter¬ 
mined^^ as are the higher levels of atherogenic Lp (a). 
However, increasing westernization of our lifestyles^'* as 
evidenced by lower levels of physical activity and 
higher coronary artery disease rates in urban India also 
lends a helping hand to increase the burden of coronary 
artery disease in this population group. 

The lessons to be learnt from the available scientific 
data are that not only do the conventional risk factors 
need to be treated more vigourously in those in whom 
they are present, but also to look for the risk factors 
more often encountered in this ethnic group, and treat 
them appropriately. For a start, important lifestyle 
changes need to be advocated for a majority of the 
younger and middle-aged population of the South 
Asians in order to provide them with some protection 
from coronary artery disease. Further treatment modali- 
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ties can only be unearthed from ongoing research in this 
area and would be a welcome development for all who 
are prone to suffer from this disease. 
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Observations on serial changes in coronary artery 
disease in Indians 


S. Krishnaswami 

Department of Cardiology, Christian Medical College Hospital, Vellore 632 004, India 


Serial changes noted annually in the hospital recog¬ 
nition of 11,600 patients with acute myocardial in¬ 
farction (AMI) and 4091 patients who have 
undergone selective coronary arteriography (SCA), 
collected by computerized data over a 35-year period 
are reported. The study shows a steady increase in 
the number of patients admitted with AMI. The 
mean age for males is 53 years and for females 58 
years. While younger patients are being seen fre¬ 
quently as seen by the standard deviation, the mean 
age has remained the same over the last 35 years. 
Serial studies of risk factors show a gradual decline 
in serum total cholesterol levels. High prevalence 
of the disease in those with smoking, diabetes melli- 
tus, hypertension and a positive family history of 
coronary artery disease is seen to persist. Multiple 
logistic regression analysis reveals greater Odd^s 
ratio of disease for male sex and diabetes and also 
with lipid levels. The impact of disease prevalence 
and risk factor prevalence and the need for preven¬ 
tive strategies against modifiable risk factors are 
emphasized. 


The serious impact of coronary artery disease (CAD) in 
Indians should make health workers and planners sit up 
and react. Reports of well-planned community-based 
studies^’^ and clinical investigations have emphasized 
the magnitude of the problem^’"^. Our centre has been 
successful in identifying various aspects of the disease 
process at the tertiary care level. We believe that while 
community-based data are relevant for obtaining preva¬ 
lence figures, methods necessary for definitive diagnosis 
which can be obtained from either proven myocardial 
infarction or selective coronary arteriography are essen¬ 
tial to obtain data on persons with confirmed diagnosis 
of CAD. Community-based data collection using the 
Rose Questionnaire and the Minnesota Code for ECG 
are extremely useful, but imprecise. 

Computerized data on consecutive patients collected 
in our department over a period of 35 years from 1961 
have provided inferences and conclusions for the many 
publications in the field of coronary artery disease from 
our hospital. It was shown in 1989 that Indians had 
atheromatous coronary artery disease even at low serum 
cholesterol levels^. It was emphasized that the age at 
presentation was relevant with reference to severity of 


disease^ and that severity was related to coexisting dia¬ 
betes mellitus^. The fact that triglyceride levels may be 
important in CAD, especially in older age groups, was 
brought out in 1996 (ref. 8). While other reports^’^*^ 
have added valuable information on the problem, this 
communication highlights yet another facet of CAD - 
the answer to the question, ‘what changes have we no¬ 
ticed over 35 years in different aspects of CAD in Indi¬ 
ans’. 

Material and methods 

The report is based on 11,600 consecutive patients 
admitted from 1961 up to December 1996 (male 10,275 
and female 1325) with the diagnosis of acute myocardial 
infarction and 4091 (male 3587 and female 404) con¬ 
secutive patients in whom selective coronary arteriogra¬ 
phy was performed to confirm or exclude coronary 
artery disease. Of the 4091 patients, 71.6% among male 
(2568) and 27.1% among female patients had angiog¬ 
raphic CAD. The fully-computerized method of data 
storage of all patients attending our department has 
made this possible^^, and this has been commended by 
others also^‘. Definitions, standards of diagnosis and 
quality control have been reported earlier^. 

Statistics. While results have been expressed as mean 
± SD, the relative importance of risk I'actors has been 
estimated by logistic regression; Odd’s ratios for coro¬ 
nary disease with 95% confidence intervals are pre¬ 
sented. This has been done with the data used as 
categorical as well as continuous variables. 

Results and discussion 

Numbers. Increasing numbers of patients being hospital¬ 
ized for myocardial infarction over the past 35 years are 
seen in Figure 1. Male patients have shown a more 
striking increase. The steady increase in admissions for 
tertiary care for CAD when compared to other cardiac 
conditions has been described earlier^^. It further points 
out that not only Indians living outside India, but even 
those living in India need agressive preventive meas¬ 
ures. 
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Figure 1. Number of myocardial infarct patients. 
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Figure 3. Mean age at myocardial infarction. (Female, iV= 1325) 
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Figure 2. Mean age at myocardial infarction. (Male, A^= 10,275) 

Age at myocardial infarction. Figures 2 and 3 show se¬ 
rial changes with reference to mean age at first myocar¬ 
dial infarction. For the past 35 years, the mean age for 
male patients has averaged 53 years without any change. 
The lower limits of the standard deviation have been at 
40 years and at times even as low as 36 years. For 
women patients with myocardial infarction the mean age 
has been 58 years. Increasing recognition of CAD in 
women by either the presence of myocardial infarction 
or by coronary arteriography is a disturbing trend seen 
in recent years from our data of patients and also from 
the published literature. 

With increasing life expectancy, the future planning of 
health care in our country must include our observations 
on the increasing numbers as well as the persisting age 
pattern. 

Serial changes in risk factors. Analysis of our data has 
made it possible to study and speculate on this important 
aspect. 


■ CAD IN SMOKER&+SMOKERS IN CAD 
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Figure 4. Risk factor - Smoking. 

Smoking. Among smokers (both past and present), 
prevalence of CAD has averaged 78% (Figure 4). The 
same figure shows that among patients with CAD, an 
average of 64% were smokers. The figure also shows 
that the prevalence of smokers among those with CAD is 
showing a downward trend starting at 80% and now at 
about 60%. The possible speculative inference is that 
media messages regarding the risks from smoking are 
beginning to influence the public. More needs to be 
done by concerted effort to reduce the danger associated 
with this modifiable risk factor. 

Positive family history of ischaemic heart disease. This 
is an important non-modifiable risk factor. Positive 
family history was present in approximately 35% of pa¬ 
tients with CAD, while CAD itself was found in 80% of 
those with a positive family history (Figure 5). The se¬ 
rial changes show the same prevalence of CAD in those 
with a positive family history, but a downward trend 
in the prevalence of a positive family history as a 
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Figure 5. Risk factor - family history. 
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Figure 6. Risk factor - diabetes. 


contributor to the development of CAD. The reasons for 
this observed change are not clear. 

Diabetes mellitus. The links between diabetes mellitus 
and CAD in our patients are shown in Figure 6. Over the 
years, the percentage of diabetics among those with 
CAD is seen at around 24. Among diabetics, however, 
the percentage of those with CAD is very high at a mean 
of 80. It has been noted earlier also that this number 
increases steadily with the age of the patients rather than 
with the actual known duration of clinical diabetes^. 

Hypertension. The relationship between hypertension 
and CAD in our patients is shown in Figure 7. Over the 
years, hypertension was found in about 20% of indi¬ 
viduals with CAD, while CAD itself averaged at 75% in 
hypertensives. 


Lipids. The relationship between lipid levels and CAD 
has been studied at great length and has contributed 
enormously to the literature^"^’^^ Current thinking is that 
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Figure 7. Risk factor - hypertension. 


total cholesterol, LDL-cholesterol and HDL-cholesteroI 
levels are relevant and triglycerides are gaining impor¬ 
tance as a contributory factor. Currently, lipoprotein(a) 
LLp(a)] as an important marker for CAD and early oc¬ 
currence of acute myocardial infarction is being ex¬ 
plored vigorously’^ The total cholesterol levels have 
shown a downward trend over the years both in patients 
with CAD and in normals (Figures 8-11). The reason 
could again be attributed only to media coverage of this 
topic, since, unlike western nations, very little has been 
done in our country in the form of public health educa¬ 
tion by health workers. The other lipid factors have not 
shown any serial or trend changes. We had emphasized 
as early as 1989 that Indians get CAD with ‘normal’ as 
well as low levels of cholesterol'*. Data on Lp(a) levels 
in our patients are not available. However work is now 
in progress in this area. It is important to point out that 
international groups have been steadily lowering the 
‘desirable’ levels of serum cholesterol (both total and 
LDL-cholesterol) over the past 30 years and it is un¬ 
likely that the last word has been spoken as yet’^. 

From the above data, it is apparent that smoking was 
the most prevalent of the risk factors studied. 

The relative importance of the coronary risk factors 
in our patients was first published in 1984 using multi¬ 
variate analysis’"’ and again in 1996 (ref. 8). Updating 
the data now allows us to obtain some additional infer¬ 
ences. The results of logistic regression analysis of 
eleven factors known/suspected to contribute to the de¬ 
velopment of CAD, with the presence or absence of 
CAD as the dependent variable, have been tabulated 
(Table 1). Methodological details have been published 
earlier^ Application of logistic regression methods for 
cases and controls as well as cross-sectional studies has 
been accepted’^ and is readily applicable to our data. Of 
these, age, sex and family history of CAD have been 
considered as non-modifiable risk factors while others 
can be modified by treatment, preventive methods or by 
changes in lifestyle. In the table, column 1 shows the 
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Figure 8. Total cholesterol levels. (Mean, N = 4091) 
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Figure 10. HDL-cholesterol levels. 
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Figure 9. Triglyceride levels. 


Odd’s ratio while columns 2 and 3 show the low and 
high 95% confidence limits. For this analysis, smoking, 
family history, diabetes, hypertension and gender 
were entered as dichotomous (present or absent) 
variables, while all the others were converted to cate¬ 
gorical variables dividing at the mean level for those 
with normal coronary arteries, as 1 for those with values 
above the mean and 0 for those with values below 
the mean level. For HDL-cholesterol, levels below 

35 mg/dl were labelled as 1 and those higher than 

36 mg/dl were marked as 0 because of its known 
protective effect. Age was divided at below 45 years and 
above 46 years. It will be seen that male gender, 
diabetes, hypertension, positive family history and 
smoking were associated with an Odd’s ratio for coro¬ 
nary artery disease above 1. It is of interest to note that 
none of the lipid values showed an association with 
coronary disease and the body mass index was also not 
significant. 

To maintain our observations as a record of serial 
changes, in column 4 the logistic regression analysis for 
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Figure 11. LDL-choIesterol levels. 

the first 2000 patients undergoing selective coronary 
arteriography has also been shown. Again male gender 
and diabetes stand out as relevant risk factors in our 
group similar to the larger group of 4000 patients. A 
larger database on women is still being constituted, both 
at the national and the international level and should be 
available soon. 

Column 5 shows the same logistic regression analysis 
using the variables of age, BMI, cholesterol, triglyc¬ 
eride, HDL and LDL-cholesterol as continuous vari¬ 
ables. This would identify the variation in risk of 
coronary artery disease with a unit variation of various 
metabolic risk factors. It will now be noticed from the 
table that in most cases the Odd’s ratios are higher than 
those presented above. It is possible that the cut-off 
value at the level of mean for those with normal coro¬ 
nary arteries may not be the true mean required for such 
logistic regression analysis. Other explanations also 
should be considered, for example, that all the factors 
studied so far are only facilitatory in the development of 
CAD and none of them is truly causative. Again in each 
individual his or her combination of risk factors may be 
exclusively relevant. 
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Table 1. Results of logistic regression of eleven risk factors in 
11,600 patients with coronary artery disease 


Odd’s ratio 95% Odd’s ratio Odd’s ratio 
(dichoto- confidence n = 2000 (conti- 
mous) limits (dichotomous) nuous) 


Male 

6,17 

4.14-9.2 

5.5 

6.26 

Age 

1.06 

1.04-1.07 

1.04 

1.70 

Smoking 

1.49 

1.18-1.89 

1.49 

1.48 

Family history 

1.55 

1.15-2.09 

1.33 

1.67 

Diabetes 

3.97 

2.84-5.55 

11.86 

4.29 

Hypertension 

1.76 

1.36-2.27 

2.40 

1.75 

Total cholesterol 

1.01 

1.00-1.02 

1.01 

2.24 

Triglycerides 

1.00 

0.99-1.06 

1,00 

1.67 

HDL-cholesterol 

0.97 

0.94-1.03 

0.96 

1.28 

LDL-cholesterol 

0.99 

0.96-1.02 

0.99 

1.11 

Body mass index 

1.03 

1.00-1.07 

1.1 

1.29 


Further attempts at using other forms of multivariate 
analysis like multiple linear regression as well as dis¬ 
criminant analysis to measure distance from the means, 
failed to provide definite criteria to differentiate be¬ 
tween CAD and normals using the suspected risk fac¬ 
tors. 

Limitations of our report. It needs to be pointed out that 
the data represent patients who came voluntarily to our 
department at a tertiary-care level and therefore will not 
reflect the picture at the community level. The strength 
of our inferences and conclusions stems from the fact 
that it is fully prospectively collected data of all con¬ 
secutive patients who attended the department with a 
definitive diagnosis. It will probably be true for all terti¬ 


ary care centres where such data are available. Changes 
at primary and secondary level will need further detailed 
study. 

The crux of our message is that the factors contribut¬ 
ing to the development of CAD appear to have been 
with us for decades and will continue to be with us at 
nearly the same levels unless modified. The increasing 
awareness of the problem of CAD and its magnitude 
should help us to accept the facts pointed above and get 
on with preventive measures directed specifically at 
modifiable risk factors to reduce the clinical load and 
burden on the health care system of the country and 
more importantly, to reduce patient morbidity. 
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Urban-rural differences in prevalence of coronary 
heart disease and its risk factors 


S. L. Chadha 

C-719, New Friends Colony, New Delhi 110 065, India 


We surveyed 14,866 subjects (6614 men, 8252 
v»^omen) between the ages of 25 and 65 years in Delhi 
and the. neighbouring rural area to determine the 
prevalence of coronary heart disease (CHD) and se¬ 
lect coronary risk factors. A five-fold higher preva¬ 
lence of CHD was observed in the urban survey 
sample as compared to the rural population 
(31,9/1000 vs 5,9/1000 respectively). Hypertension, 
diabetes mellitus and obesity were more prevalent in 
the urban population. Paradoxically, low serum 
HDL-cholesterol and high serum triglycerides were 
more common in the rural sample. These findings 
have important implications for CHD prevention. 


Public health planning in most developing countries has 
focused mainly on problems related to communicable 
diseases, which in the past have been responsible for 
high morbidity and mortality. The situation is different 
in developed countries, e.g. the United States, where 
coronary heart disease (CHD) is the leading cause of 
death^ However with changing lifestyle in developing 
countries like India, particularly in urban areas, chronic 
and degenerative diseases (e.g. CHD) are making an 
increasingly important contribution to mortality statis¬ 
tics of such countries^. 

Over the last three decades, substantial progress has 
been made in identifying the risk factors for CHD. Some 
of the preventive measures such as cessation of smok¬ 
ing, management of hypertension both by pharmacologi¬ 
cal and non-pharmacological means, control of diabetes 
mellitus, reduction in intake of dietary saturated fats and 
early diagnosis and management of hypercholestero- 
laemia have resulted in a significant decline in CHD 
mortality and morbidity in the industrialized world. 
Nevertheless, CHD continues to be the leading cause of 
death in many developed countries. 

CHD is considered an important public health prob¬ 
lem not only in the developed countries but also in de¬ 
veloping countries like India. The WHO Expert 
committees on cardiovascular diseases and hyperten¬ 
sion^ recommended epidemiological surveys in as many 
countries as possible to analyse the coronary risk factors 
and to establish prevalence of the disease in different 
countries. During the past three decades, a few epide¬ 
miological studies have been conducted in India for 


evaluating the prevalence of CHD. A majority of these 
studies have been confined to hospital, select groups of 
population, or the sample size was too small, making it 
difficult to draw any valid conclusions about the preva¬ 
lence of CHD and its risk factors. 

Materials and methods 

A community-based epidemiological study was con¬ 
ducted in adults (25-64 years) in the urban population 
of Delhi and rural areas about 50 km away from Delhi 
for prevalence of CHD and its risk factors. A cluster 
sampling methodology, using random house-to-house 
survey, was employed. The methods and the criteria for 
diagnosis of CHD have been reported earlier'^’'*'. The 
epidemiological study was supported by ECG examina¬ 
tion and analysis of fasting blood samples (for lipids) 
from clinically-detected CHD cases and asymptomatic 
adults free of clinically manifest disease in every 2nd 
and 5th household, respectively. 

The present communication compares CHD risk fac¬ 
tors in urban and rural populations. The risk factors 
studied are family history, socio-economic status, obe¬ 
sity, smoking, physical activity, hypertension, diabetes 
mellitus and hyperlipidaemia. In addition to these estab¬ 
lished risk factors, we included in our study dietary 
factors, e.g., total and saturated fat intake, dietary cho¬ 
lesterol, sodium intake and alcohol consumption. 

The National Cholesterol Education Program Expert 
Panel on detection, evaluation and treatment of high 
blood cholesterol in USA^ has defined ‘desirable’, 
‘borderline’, and ‘high’ levels of blood lipids as; less 
than the 50th percentile, between the 50th-75th per¬ 
centiles and above the 75th percentile values, respec¬ 
tively. For our study the cut off levels of blood lipids 
were based on the 50th percentile values which were 
obtained from our study population (Table 1). Hyper¬ 
tension was identified as a systolic blood pressure (SBP) 
of more than 160 mrnHg and/or a diastolic blood pres¬ 
sure (DBP) of more than 90 mm Hg or a history of cur¬ 
rent consumption of antihypertensive drugs. Isolated 
systolic hypertension was defined as SBP >160 mm Hg 
and DBP < 90 mm Hg. Blood pressure was measured in 
a sitting position by the medical officers. The average of 
two measurements obtained at the interval of five 
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Table 1. 50th percentile values obtained from the study population 


Blood lipids (mg/dl) 

Urban 

Rural 

Total cholesterol 

190 

170 

LDL-cholesterol 

110 

90 

HDL-cholesterol 

53 

52 

Triglycerides 

120 

138 


minutes was used for this analysis. Phase V of Korotkoff 
sounds was taken for determination of DBP. 

Body mass index (BMI), i.e. weight in kilograms di¬ 
vided by square of height in meters, was used as an indi¬ 
cator of obesity. The weight was measured by standard 
portable weighing machines to the nearest 0.5 kg with 
the subject wearing light clothing. The weighing ma¬ 
chines were calibrated every week with a standard 
weight and necessary adjustments were made if re¬ 
quired. The 75th percentile value of BMI in our study 
population was 25.4. Hence the empiric value of 25 was 
used as a cut-off point for obesity. Waist-hip ratio 
(WHR) was assessed by measuring the circumference of 
the waist at the umbilicus and dividing it by the circum¬ 
ference of hip at the maximum point of protrusion fol¬ 
lowing the protocol of recommendations of Lohman et 
alJ Based on the 75th percentile value of WHR in the 
study population, 0.88 was taken as a cut-off point for 
this ratio to determine central obesity. 

Diabetes mellitus was diagnosed based on clinical 
history supported by documentary evidence of antidia¬ 
betic therapy. For physical activity, the subjects were 
divided into three subgroups (light, medium and heavy) 
depending on the nature of their activities. Smoking 
status was evaluated by a self-report of cigarettes/bidis 
smoked or tobacco chewed. Persons who smoked 10 
cigarettes/bidis or more, or chewed tobacco at least 
twice a day were categorized as smokers. Casual smok¬ 
ers were not included in the study. 

A subsample for dietary survey was randomly selected 
from the same urban and rural population which was 
covered by initial epidemiological survey for prevalance 
of CHD and hypertension. A detailed urban and rural 
dietary profile was assessed by using a combination of 
24 hours dietary recall and the weightment methods. The 
nutrient intake calculations for each subject were 
determined by reference to the Manual of Nutritive Val¬ 
ues of Indian Foods^. A detailed dietary profile of the 
urban and rural study population has been reported ear- 
lier^ 

Statistical analysis. Data were pooled and computer¬ 
ized. Intergroup comparisons for risk factors were per¬ 
formed using analysis of variance (ANOVA) for 
numerical variables. The data were further analysed us¬ 
ing t test and test. 


Results 

In our community-based epidemiological study, the 
prevalence rate for CHD on clinical basis was signifi¬ 
cantly higher in the urban population (31.9/1000) than 
in the rural area (5.9/1000) (refs 4, 5). A similar trend in 
prevalence rate of asymptomatic CHD (diagnosed by 
ECG) was observed, 64.8/1000 adults and 21.2/1000 
adults in the urban and rural populations, respectively, 
Prevalence of selected CHD risk factors in the two 
populations is given in Table 2. Prevalence of hyper¬ 
tension, diabetes mellitus, obesity and positive family 
history was significantly higher in urban men and 
women than in the rural population. Smoking was more 
prevalent among both rural men and women. 

Mean values ± SD of blood lipids by age and sex 
are shown in Table 3. In urban men and women, the 
prevalence of high levels of total cholesterol and low 
density lipoprotein (LDL) cholesterol were higher than 
in rural men and women. High density lipoprotein cho¬ 
lesterol (HDL-C) level was lower in rural men and 
women in all age groups compared to that in urban men 
and women. Except in the age group of 55-64 years, 
triglyceride levels were higher in rural men than in ur¬ 
ban men. In rural women triglycerides were higher in the 
age groups of 25-34 and 35-54 years than in urban 
women. 

Percentage of adults with total choles¬ 
terol > 190 mm/dl in urban and rural men was 46,0 and 
23.0 respectively. The corresponding percentages for 
urban and rural women were 50.1 and 23.9. HDL- 
cholesterol < 35 md/dl was found in 2.2% urban and 
8 .0% in rural men compared to 1.6% and 3.5% in urban 
and rural women respectively (Table 4). 

Asymptomatic individuals with abnormal ECG 
patterns, e.g. ‘Q wave’ (Minnesota code l-I.l through 
1-1.7 or 1-2.1. through 1-2.7) or ‘ST-T’ changes 

Table 2, Prevalence of selected risk factors for coronary heart dis¬ 


ease in Delhi and rural neighbourhood 


Risk 

factors 

Urban 

Rural 

Urban vs 

Men Women 
(yV-5998) (Af-7136) 

Men 

(V-6I6) 

Women rural 

(V-1116) ‘F’value 

Hypertension 

644 

878 

25 

37 

<0.0001 


(10.8) 

(12.3) 

(4.1) 

(3.3) 


Diabetes 

97 

117 

3 

- 

<0.0001 


(1.6) 

(1.6) 

(0.5) 



BMI >25.0 

1222 

2310 

60 

109 

<0.0001 


(20.7) 

(32.6) 

(9.7) 

(9.8) 


Smoking 

1755 

128 

492 

324 

< 0.0001 


(29.3) 

(1.8) 

(79.9) 

(29.0) 


Family history 

1296 

1463 

23 

19 

< 0.0001 

of coronary 

(21.6) 

(20.5) 

(3.7) 

(1.7) 


heart disease 







Figures in parentheses indicate percentages. Height and weight 
measurements in urban population are available for 5898 men and 
7081 women. 
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Table 3. Blood lipids by age and sex in urban and rural populations in and around Delhi (mean + S.D.) 

Urban Rural 


Blood lipids (mg/dl) Age (yrs) Men Women Men Women 


Total cholesterol 25-34 

35-44 
45-54 
55-64 

Low density lipoprotein 25-34 

cholesterol 

35-44 

45-54 

55-64 

High density lipoprotein 25-34 

cholesterol 

35-44 

45-54 

55-64 

Triglycerides 25-34 

35-44 
45-54 
55-64 


198 + 39 

194 ±37 

(225) 

(309) 

202 ± 39 

203 ± 40 

(158) 

(257) 

210 ±43 

215 ±47 

(158) 

(282) 

211 ±46 

217 ±42 

(140) 

(236) 

117±38 

109 ±32 

(173) 

(235) 

n9±37 

114 ±37 

(135) 

(193) 

121 ±41 

120 ±44 

(121) 

(212) 

115 ±42 

121 ±43 

(110) 

(166) 

53± 12 

58 ±12 

(173) 

(235) 

54± 13 

57± 13 

(135) 

(193) 

55± 12 

57± 14 

(121) 

(212) 

58± 14 

58± 15 

(HO) 

(166) 

123 ±28 

108 ±47 

(225) 

(309) 

133 ±57 

126±51 

(158) 

(257) 

150 ±57 

154 ±52 

(158) 

(282) 

168 ±52 

168 ±53 

(140) 

(236) 


175 ±36* 

171 ±20** 

(31) 

(93) 

194 ±35 (NS) 

185±31** 

(25) 

(56) 

179 ±22* 

186 ±38** 

(17) 

(47) 

170± 18** 

175 ± 20** 

(27) 

(63) 

97 ±36* 

96 ±21** 

(31) 

(93) 

116 ±40 NS 

103±30@ 

(25) 

(56) 

99±21@ 

104±39@ 

(17) 

(47) 

90± 18* 

94 ± 17** 

(27) 

(63) 

52 ± 12 NS 

51 ± 9** 

(31) 

(93) 

50 ± 12 NS 

54 ± 9 NS 

(25) 

(56) 

49 ± 11 @ 

52± 10 @ 

(17) 

(47) 

50 ± 11* 

51±10** 

(27) 

(63) 

128 ±29 

120 ±22 @ 

(31) 

(93) 

142 ±26 NS 

138 ±24 NS 

(25) 

(56) 

155 ±34 NS 

151 ±29 NS 

(17) 

(47) 

152 ±28 

151 ±26 @ 

(27) 

(63) 


Figures in parentheses indicate number of blood samples analysed. 
P values - urban vs rural men, urban vs rural women. 

*P < 0.01; *^P < 0.001; @ P < 0.5; NS, not significant. 


Table 4. Proportion of subjects with abnormal blood lipids in Delhi and rural neighbourhood 

Urban Rural 


Lipids (mg/dl) 

Men 

Women 

P-value 

Men 

Women 

P-value 

Total cholesterol > 190 

300/681 

543/1084 

<0.001 

23/100 

62/259 

<0.001 


(44.0) 

(50.1) 


(23.0) 

(23.9) 


LDL-C > no 

264/539 

377/806 

<0.001 

29/100 

70/259 

< 0.001 


(49.0) 

(46.8) 


(29.0) 

(27.0) 


Triglycerides > 120 

340/681 

369/806 

<0.001 

75/100 

174/259 

<0.001 


(50.0) 

(45.8) 


(75.0) 

(67.2) 


HDL-C < 35 

12/539 

17/1084 

<0.001 

8/100 

9/259 

<0.05 


(2.2) 

(1.6) 


(8.0) 

(3.5) 



Figures in parentheses indicate percentages. 
LDL-C, low density lipoprotein cholesterol. 
HDL-C, high density lipoprotein cholesterol. 


(Minnesota code 4-1-1, 4-1-2, 5-1 and 5-2) are more 
prone to clinically manifest CHD. Such an abnormal ECG 
is therefore considered a risk factor for CHD. In asympto¬ 
matic urban adults, 1.7% men and 1.2% women showed ‘Q 
wave’ compared to 0.3% men and 0.4% women in rural 


population. The same trend was observed for electrocar¬ 
diographic ‘ST-T’ changes in urban and rural asympto¬ 
matic adult population (Table 5). However, women 
showed higher prevalence of electrocardiographic ‘ST- 
T’ changes than men in both the populations. 



CURRENT SCIENCE, VOL. 74, NO. 12, 25 JUNE 1998 


1071 







SPECIAL SECTION ON: 


Table 5. Abnormal ECG as a risk factor for coronary heart disease 
in asymptomatic adults 


Sex 

Q wave 

ST-T changes 

Urban 

Rural 

Urban 

Rural 

Males 

45/2589 

1/319* 

101/2589 

1/319** 


(1.7) 

(0.3) 

(3.9) 

(0.3) 

Females 

35/3032 

3/728* 

195/3032 

17/728** 


(i.i) 

(0.4) 

(6.4) 

(2.3) 

Total 

80/5621 

4/1047* 

296/5621 

18/1047** 


(1.4) 

(0.4) 

(5.3) 

(1.7) 


Figures in parentheses indicate percentages. 
*P < 0.05. 

**P<0.01. 


Dietary risk factors for CHD are tabulated (Table 6). 
Average total caloric intake was higher in rural men and 
women than in the urban population. There were no ap¬ 
preciable differences in total dietary fat intake in the 
two populations, but saturated fat intake was higher in 
both rural men and women than the urban subjects. For 
this study, we calculated the percentage of subjects who 
consumed more than 15% calories as saturated fat and 
added this as another modifiable risk factor. The 15% 
cut-off point was selected as an indicator of high satu¬ 
rated fat intake. Surprisingly, 28.7% rural men and 
27.7% women consumed more than 15% calories as 
saturated fats compared to urban men (8.2%) and 
women (8.5%). This may be due to a greater consump¬ 
tion of whole milk and milk products by the rural sub¬ 
jects in the area where the dietary survey was conducted. 

Dietary cholesterol intake showed marginal differ¬ 
ences in the two populations. The sodium intake was 
greater in both sexes in the urban population than rural 
population, which may be due to excessive intake of 
‘ready-to-eat’ foods by the urban subjects. Such ‘fast 
foods’ are usually rich in sodium. The average daily 
alcohol consumption by urban men was 12.7 ml com¬ 
pared to 2.4 ml by rural men. The average daily alcohol 
consumption by urban women was 0.04 ml while none 
of the rural women consumed alcohol. The dietary sur¬ 
vey lays bare the coronary paradox. 

Discussion 

The prevalence of CHD risk factors, e.g. hypertension, 
obesity, diabetes, family history and abnormal ECG (Q 
wave and ST-T changes) was significantly higher in ur¬ 
ban than rural population. Smoking on the other hand, 
was more common among the rural men and women. 
Rural men and women work in agricultural fields and 
their work involves heavy physical activity. Most of the 
urban men and women have sedentary habits. Prevalence 
of hypertension, obesity and diabetes mellitus was 
higher in both sexes in the urban population than in rural 


areas. These differences in risk factors may be explained 
partly by the differences in lifestyles. 

Gupta and Malhotra^^ conducted an epidemiological 
survey of CHD in almost similar ethnic groups. Preva¬ 
lence of CHD was found to be almost two-and-a-half 
times more common in both sexes in urban than in the rural 
areas. A lesser degree of physical activity, a body weight on 
the higher side of normal and a higher prevalence of hyper¬ 
tension and diabetes mellitus in the urban population are 
some of the important risk factors responsible for such 
differences. We do not know of any other comparative 
epidemiological study for prevalence of CHD and its 
risk factors in urban and rural areas in our country. 

Urban-rural differences were found in blood lipids, 
particularly the high-risk total cholesterol and LDL- 
cholesterol. Urban men and women have these blood 
lipids more than the ‘desirable’ levels. Low HDL- 
cholesterol is a risk factor for CHD and is usually asso¬ 
ciated with increased triglyceride level’^ A higher 
prevalence of low HDL-cholesterol (< 35 mg/dl) and 
elevated triglyceride level (> 120 mg/dl) was found in 
the rural than urban population. This is contrary to the 
findings of Plannia Campos et who reported higher 
prevalence of low HDL-cholesterol (< 35 mg/dl) in 
urban than rural areas of Puriscol, Costa Rica and Cen¬ 
tral America. These differences may be due to different 
dietary patterns and living styles in the two countries. 

Populations which consume low fat and high- 
carbohydrate diets have low HDL cholesterol and high 
triglycerides levels^'^"’^ In our study, rural-urban differ¬ 
ences are marginal in the intake of total fat. Intake of 
saturated fat and carbohydrates as well as blood levels 
of triglycerides are significantly higher in rural than in 
the urban areas. These observations indicate that though 
low HDL-cholesterol levels may not enhance CHD risk, 
low HDL-cholesterol levels represent a marker for in¬ 
creased levels of other atherogenic lipoproteins, particu¬ 
larly LDL-cholesterol’^. Alternatively the important 
determinant of atherosclerosis is the ratio of LDL-HDL- 
cholesterol. Low HDL-cholesterol levels are not a CHD 
risk factor in the presence of low LDL-cholesterol levels 
as observed in rural areas in our study. 

There is an increasing awareness and interest in 
asymptomatic CHD. Postmortem angiographic studies 
indicate that severe CHD often occurs without symp¬ 
toms. In the Framingham study, more than 25% of the 
patients with CHD were identified on the basis of rou¬ 
tine periodic electrocardiographs^^. ECG evaluation of 
5021 asymptomatic persons, who formed the controls 
during the initial phase of the epidemiological study\ 
revealed 376 abnormal ECG tracings that were consis¬ 
tent with a diagnosis of CHD. In the 3 year follow-up 
study of CHD, 297 of these individuals were revalu- 
ated’^. Among them, 14 persons developed clinically mani¬ 
fest CHD. ECG evidence of left ventricular hypertrophy 
(LVH) is another important risk factor for CHD. In our 
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Table 6. Dietary risk factors for coronary heart disease in urban and rural populations in and around Delhi 




Urban 



Rural 


Dietary factors 

Men iN-400) Women (A^-506) 

Total (7V-906) 

Men (V-87) 

Women (/V-188) 

Total (V-275) 

Total calories (K/cal) 

1924 ±524 

1604 ±456 

1745 ±512 

2249 ± 636 

1754 ±533 

1910±612 

Total fats (g) 

61.4 ±28.0 

50.4 ±23.2 

55.3 ±26.0 

63.1 ±37.5 

48.1 ±25.6 

52.9 ±30.7 

SFA (g) 

16.7 ± 13.0 

13.6 ± 10.8 

15.0 ± 11.9 

34.9 ±26.0 

26.3 ± 13.7 

29.0 ± 19.9 

Cholesterol (mg) 

95 ± 120 

68 ±93 

80 ± 107 

102 ±90 

71 ±52 

81 ±68 

PUFA linolenic acid (N-3) (g) 

1.8 ± 1.3 

L4± 1.3 

L5± 1.3 

0.9 ±0.7 

0.7 ± ± 0.5 

0.8 ±0.6 

Linoleic acid (N-6) (g) 

7.3 ±5.5 

6.0 ± 4.4 

6.7 ± 5.0 

5.5 ±2.2 

4.3 ± 1.9 

4.7 ± 2.0 

Sodium (mg) 

2101 ± 1225 

1799 ± 1002 

1932±1116 

1569 ±919 

1309 ±972 

1391 ±962 


SFA, saturated fatty acids. 

PUFA, polyunsaturated fatty acids. 

follow-up study'^ out of the 4151 adults who were reexam¬ 
ined, 82 individuals had ECG evidence of LVH at the time 
of the initial survey. A total of 18 (22%) of these 82 indi¬ 
viduals had CHD on reevaluation. This observation is con¬ 
sistent with the findings of the Framingham study'^. 

It is important to consider the role of air pollution in the 
pathogenesis of CHD in the urban population group. Ac¬ 
cording to available information, 1280 tonnes of pollutants 
are being emitted by vehicles every day in Delhi. It seems 
reasonable to speculate that at least a part of striking differ¬ 
ences in prevalence of CHD in urban Delhi from its rural 
environs (about 50 km outside city) may be attributable to 
air pollution. The toxic compounds involved in air pollu¬ 
tion, e.g. oxides of nitrogen, sulphur dioxide and suspended 
particles are powerful pro-oxidants which enhance the oxi¬ 
dation of lipoproteins. Oxidized lipoproteins, particularly 
LDL-C, are powerful inducers of atherosclerosis. 

Other studies^®’^^ have confirmed that risk factors such as 
obesity, hypertension, diabetes mellitus, increased intake of 
energy-rich foods and saturated fats, relatively sedentary 
occupation, increased stress, and high blood levels of LDL- 
cholesterol are more prevalent in urban than in rural areas. 
Our findings are similar except that the average daily satu¬ 
rated fat intake was found to be higher in rural than in the 
urban area. The trends are disturbing because it is estimated 
that more than 40% population in developing countries like 
India will be living in urban areas by 2000 AD with CHD 
risks similar to the industrialized/developed countries^^. We 
do not have reliable mortality data in our country. It is pre¬ 
sumed that mortality rates for CHD will definitely increase, 
particularly in urban areas with constantly increasing 
prevalence of risk factors. An increase in the prevalence of 
CHD risk factors is associated with an increased risk of 
CHD mortality^ 

One conclusion from the present study is that prevalence 
of CHD and its urban-rural differences cannot be related to 
any particular risk factor. It is necessary, therefore, to look 
beyond the conventional explanations for other factors to 
account for the striking urban-rural differences in CHD 
prevalence. The deleterious pro-oxidant burden imposed by 
air pollutants may be an important contributory factor for 
higher CHD prevalence in urban areas. 
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Coronary heart disease, a major health problem in 
India and many other developing countries, is more 
prevalent in urban than in rural areas. To determine 
causes for this urban-rural difference in prevalence, 
we performed studies in the western Indian state of 
Rajasthan. Coronary heart disease prevalence was 
more in urban than in the rural Rajasthan (men 
6.0% vs 3.4%; women 10.5% vs 3.7%, P < 0.01). 
Risk factor comparison showed that smoking/tobacco 
consumption was more in rural than in urban men 
(51% vs 39%), but more in urban women (19% vs 
5%). In urban men compared to rural men, the 
prevalence of a history of diabetes mellitus (1.1% vs 
0.2%), hypertension (30% vs 24%), obesity (11% vs 
5%), and truncal obesity (25% vs 4%) was signifi¬ 
cantly more (P < 0.01). Likewise, in urban women 
(compared to rural women) the prevalence of a his¬ 
tory of diabetes mellitus (1,0% vs 0.1%), hyperten¬ 
sion (33% vs 17%), obesity (11% vs 6%) and truncal 
obesity (17% vs 5%) was greater (P < 0.01). Preva¬ 
lence of regular moderate-grade leisure-time physi¬ 
cal activity was low among both urban and rural 
populations; lower in urban men. In urban men 
(compared to rural men), mean levels of total choles¬ 
terol (175.8 + 43 vs 165.2 ± 37 mg/dl) and LDL- 
cholesterol (107.6 + 39 vs 96.8 + 33 mg/dl) were sig¬ 
nificantly greater (P < 0.01). Serum levels of HDL- 
cholesterol and triglycerides in urban and rural men 
were similar. Higher prevalence of coronary risk fac¬ 
tors such as hypertension, diabetes mellitus, obesity, 
truncal obesity and higher total and LDL-cholesterol 
in urban subjects indicates that efforts should be di¬ 
rected towards controlling these risk factors in the 
urban population for coronary heart disease preven¬ 
tion in India. 


Cardiovascular diseases, especially atherosclerotic 
coronary heart disease, are responsible for major disabi¬ 
lity in both the developed and developing countries. 
World Health Organization has predicted that by A.D. 
2020 up to three quarters of deaths in developing coun¬ 
tries would result from non-communicable diseases and 
that coronary heart disease will top the list of killers^ Data 
also indicate that epidemiological transition, which is cha- 


^For correspondence. 


racterized by ageing and changing lifestyles which culmi¬ 
nate in an epidemic of hypertension and coronary heart 
disease, is rapidly occurring in the developing coun¬ 
tries*’^. 

Epidemiological studies over a period of the last 30 
years have identified risk factors which predispose an 
individual to coronary atherosclerosis'*. These studies 
have also shown that bulk of coronary heart disease is 
preventable or at least its occurrence can be postponed. 
The Framingham study was a milestone because it con¬ 
firmed the clinical evidence that smoking, hypertension 
and elevated cholesterol were important risk factors 
contributing to the development of coronary heart dis¬ 
ease"*. The study also identified the origin of coronary 
disease in unhealthy lifestyles characterized by diets 
rich in saturated fats, use of tobacco, excessive use of 
alcohol and lack of physical activity. Although limited 
in scope, case control and prospective studies in India 
have shown the importance of these risk factors in the 
pathogenesis of coronary heart disease'\ Studies among 
immigrant Indians, who have one of the highest coro¬ 
nary heart disease mortalities in the world, have also 
shown that apart from major coronary risk factors, other 
genetically-determined as well as acquired coronary risk 
factors are important^’^. Genetic risk factors are: 
increased insulin resistance, decreased pancreatic 
beta-cell function, higher prevalence of diabetes, in¬ 
creased lipoprotein (a), increased plasminogen activator 
inhibitor activity and decreased tissue plasminogen ac¬ 
tivity^. Many of these are potentiated by factors ac¬ 
quired by westernization such as decreased physical 
activity, central obesity, elevated levels of low density 
lipoprotein (LDL)-cholesterol and triglycerides and re¬ 
duced levels of high density lipoprotein (HDL)- 
cholesterol. 

Coronary heart disease prevalence is very low in rural 
population of India and is significantly more in urban 
Indians. A meta-analysis showed that coronary heart 
disease prevalence in urban populations increased from 
3.42% in the 1960s to 3.62% in the 1970s and to 9.45% 
in the 1990s for trend = 5.63, P = 0.018). In rural 
areas the prevalence increased from 2.06% in 1970s to 
4.15% in the 1990s (^^ = 2.94, P = 0.086) (ref. 8). 
These urban-rural differences suggest that risk factors 
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which are more common in urban subjects may be im¬ 
portant^. To examine risk factor differences in urban as 
compared to rural populations, we performed studies in 
the western Indian state of Rajasthan. Randomly se¬ 
lected individuals in rural and urban populations were 
evaluated using similar epidemiological tools. This ar¬ 
ticle highlights the implications for preventive strategies 
as revealed by our study. 

Methods 

Details of survey methods and diagnostic criteria have 
been reported earlier^°’*^ In summary, we studied urban 
populations in randomly selected locations in Jaipur city 
and rural populations in three villages of central Ra¬ 
jasthan 150 km away from Jaipur in western India. Vot¬ 
ers' lists were used for the identification of suitable 
persons. Men and women over the age of 20 years were 
eligible for the present investigation. We could examine 
1415 of 1609 eligible men (87.9%) and 797 of 1391 
eligible women (57.3%) in the urban area and 1982 of 2188 
eligible men (90.6%) and 1166 of 1968 eligible women 
(59.2%) in rural areas. A physician-administered question¬ 
naire, physical examination and a 12-lead electrocardio¬ 
gram (ECG) were performed in all persons. Waist-hip ratio 
was measured in randomly selected 20% of the subjects and 
fasting blood samples for blood lipid estimation were 
collected from 10% of the study population. 

Coronary heart disease was diagnosed on the basis of 
documented history, positive response to Rose question¬ 
naire or ECG changes (Minnesota codes 1-1, 1-2, 4-1, 4- 
2, 5-1, 5-2 or 9-2). Current smokers, past smokers and 
users of all forms of tobacco were pooled together as 
smokers. Hypertension was diagnosed on the basis of 
United States Fifth Joint National Committee recom¬ 
mendations as blood pressure of or more than 
140mmHg systolic or 90 mm Hg diastolic. Those on 
treatment for hypertension were also classified as hyper¬ 
tensives. Obesity was diagnosed when body-mass index 
was 27 kg/m^ or more, and truncal obesity was diagnosed 
when waist-hip ratio was more than 0.95. Hypercholestero- 
laemia and low high density lipoprotein cholesterol levels 
were determined according to definitions of United States 
National Cholesterol Education Program. High serum total 
cholesterol was taken as > 200 mg/dl, high LDL-choles- 
terol was taken as >130 mg/dl and low HDL-cholesterol 
was taken as < 35 mg/dl. Diabetes mellitus and leisure 
time physical activity were determined on the basis of 
medical history. 

Statistical analysis. The prevalence rates are given in 
percentage. Significance of urban-rural differences has 
been tested by test, Fisher’s exact test or unpaired 
t test as appropriate. Two-tailed P values less than 0.05 
were considered significant. 


Results 

Coronary heart disease prevalence was more in urban 
than in the rural subjects (men 6.0 vs 3.4%, P < 0.001; 
women 10.5 vs 3.7%, P< 0.001; Table 1). Prevalence of 
ECG changes alone was also more in urban population 
(men 3.5 vs 2.8%, P = 0.156; women 8.4 vs 3.3%, 
P < 0.001). In urban men, as compared to rural men, the 
relative prevalence of coronary heart disease diagnosed 
by clinical and ECG criteria was 1.73 (95% confidence 
interval 1.25 to 2.40) and by ECG criteria alone as 1.25 
(0.85 to 1.85). In urban women the relative prevalence 
of coronary heart disease was 2.86 (1.94 to 4.15) and 
2.58 (1.69 to 3,83), respectively. 

A comparison of risk factors (Table 2) shows that 
smoking or tobacco consumption was more in rural than 
in urban men. Among women, tobacco use was more in 
the urban areas. The prevalence of regular moderate 
grade leisure time physical activity was low among both 
urban and rural populations, but was higher in the rural 
population. Prevalence of a history of diabetes mellitus, 
hypertension, obesity, and truncal obesity was more in 
urban men and women. Blood samples were obtained in 
random samples of 199 (14.1%) urban and 202 (10.2%) 
rural men, and 98 (8.4%) rural women. Response was 
very low in urban women (5 of 111 women agreed to 
phlebotomy) and samples from them were not analysed 
further. In urban men as compared with rural, the mean 
levels of total cholesterol (175.8 + 43 vs 
165.2 ± 37 mg/dl) and LDL-cholesterol (107.6 + 39 vs 
96.8 + 33 mg/dl) were significantly greater (P<0.01). 
The levels of HDL-cholesterol (43.1 ±12 vs 
44.0 + 13 mg/dl) and triglycerides (126.1 +55 vs 
122.0 ± 46 mg/dl) were not significantly different be¬ 
tween urban and rural men (Table 2). Comparison of 
values shows that in urban men, prevalence of truncal 
obesity, obesity, hypertension, diabetes and sedentary 
lifestyle is significantly more. In urban women there is a 
higher prevalence of tobacco use, hypertension, obesity, 
truncal obesity and diabetes. 

Discussion 

Our analysis of differences in coronary risk factors be¬ 
tween urban and rural populations shows that coronary 
heart disease is more in urban subjects and is associated 
with a greater prevalence of coronary risk factors, i.e. 
hypertension, diabetes mellitus, obesity, truncal obesity 
and higher total and LDL-cholesterol. 

In hospital-based studies, a higher prevalence of coro¬ 
nary heart disease in urban Indians was initially reported 
in 1950s (refs 8, 12). Epidemiological studies in Agra, 
Delhi and Chandigarh in 1960s confirmed the high 
prevalence of coronary heart disease in urban subjects^. 
Gupta et al. compared coronary heart disease and risk 
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Table 1, Coronary heart disease prevalence (%) in urban and rural populations in Rajasthan 

Urban Rural 


Age group Clinical + ECG 

(years) No. ECG only 


Men (Urban = 1415, rural - 1982) 


20-29 

526 

18 (3.4) 

12 (2.3) 

571 

30-39 

374 

20 (5.3) 

12(3.2) 

495 

40-49 

183 

6 (3.3) 

5 (2.7) 

366 

50-59 

211 

24(11.4) 

12(5.7) 

268 

60 + 

121 

16(13.2) 

8 (6.6) 

282 

Total 

1415 

84(6.0)* 

49 (3.5) 

1982 



Women (Urban 

= 797, rural = 

1166) 

20-29 

136 

8 (5.9) 

7 (5.2) 

382 

30-39 

157 

12 (7.6) 

12 (7.6) 

342 

40-49 

211 

24(11.4) 

18 (8.5) 

212 

50-59 

151 

18(11.9) 

12(1-9) 

127 

60 + 

142 

22(15.5) 

IS (12.7) 

103 

Total 

797 

84(10.5)* 

67 (8.4)* 

1166 

< 0.05 on urban-rural comparison, ECG = electrocardiogram. 


Clinical + 
ECG 


10 ( 1 . 8 ) 
13 (2.6) 
12(3.3) 
11 (4.5) 
22 (7.8) 
68 (3.4) 


5(1.3) 
9 (2.6) 
11 (5.2) 
11 (8.7) 
7 (6.8) 
43 (3.7) 


ECG 

only 


9(1.6) 
10 ( 2 . 0 ) 
11 (3.0) 
8 (3.0) 
17 (6.0) 
55 (2.8) 


4(1.0) 
8 (2.3) 
8 (3.8) 
11 (8.7) 
7 (6.8) 
38 (3.3) 


Table 2. Urban-rural differences in coronary risk factor prevalence (%) in Rajasthan 



Urban 

Rural 

(/^-value) 


Men (urban = 1415, rural = 

1982) 



Smoking and tobacco use 

548 (38,7) 

1006 (50.8) 

47.65 

(<0.001) 

Leisure time activity 

202 (14.3) 

363 (18.3) 

9.43 

(0.002) 

Diabetes history 

15(1.1) 

4 (0.2) 

9.44 

(0.002) 

Hypertension > 140/90 mm Hg 

417 (29.5) 

470 (23.7) 

13.88 

(<0.001) 

Hypertension >160/95 mm Hg 

146 (10.3) 

150 (7.6) 

7.51 

(0.006) 

Obesity BMI 2: 27 kg/m^ 

161 (11.4) 

104 (5.2) 

42.30 

(<0.001) 

Truncal obesity >0.95 

64/252 (25.4) 

17/399 (4.3) 

61.41 

(<0.001) 

Cholesterol ^200 mg/dl 

52/199 (26.1) 

45/202 (22.3) 

0.62 

(0.433) 

HDL-cholesterol <35 mg/dl 

47/199 (23.6) 

49/202 (24.2) 

0.01 

(0.97) 


Women (urban - 797, rural 

= 1166) 



Smoking and tobacco use 

149 (18.7) 

54 (4.6) 

99.48 

(<0.001) 

Leisure time activity 

64 (8.0) 

88 (7.5) 

0.09 

(0.76) 

Diabetes history 

8 (1.0) 

2(0.1) 

4.93 

(0.026) 

Hypertension >140/90 mm Hg 

267 (33.5) 

197 (16.9) 

71.40 

(<0.001) 

Hypertension >160/95 mm Hg 

97 (12.2) 

72 (6.2) 

20.87 

(<0.001) 

Obesity BMI ^ 27 kg/m^ 

87 (10.9) 

74 (6.4) 

12.53 

(<0.001) 

Truncal obesity >0.95 

33/193 (17.1) 

5/104 (4.8) 

8.08 

(0.001) 

Cholesterol >:200 mg/dl 

- 

22/98 (22.5) 


- 

HDL-cholesterol < 35 mg/dl 

- 

40/98 (40.8) 


“ 

HDL, high density lipoprotein. 


factor prevalence in urban and rural populations of 
Haryana using similar epidemiological tools^^ Coronary 
heart disease prevalence in urban subjects was twice that 
in the rural subjects. The present study has shown simi¬ 
lar findings. The studies in Haryana showed higher 
prevalence of hypertension, obesity and sedentary life¬ 
style in urban subjects. Our study shows that, in addition, 
factors such as diabetes, truncal obesity and cholesterol 
levels are also more in the urban subjects. The greater 
prevalence of truncal obesity, hypertension and diabetes 
mellitus in urban subjects is suggestive of insulin-resistant 


state. A sedentary lifestyle can worsen insulin resistance 
while low-grade or intermittent physical activity present 
in rural subjects may be protective. Total and LDL- 
cholesterol values are more in urban as compared to rural 
subjects. A higher consumption of saturated fats in urban 
subjects may be a potential cause. Psychosocial risk fac¬ 
tors involved in rapid urbanization and migration may 
also be important. We reported that certain protective 
social factors such as joint family are more common in 
rural areas^"^. A detailed study of biochemical and social 
factors among Indian urban subjects is needed. 
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Preventive implications 

The effective prevention of cardiovascular diseases 
through the correction of modifiable risk factors has 
been widely demonstrated in a number of studies'^. They 
call for correction of lipid disorders, lowering of blood 
pressure, smoking cessation, improving eating habits, 
more physical exercise and attention to psychosocial 
factors. Our studies show that the coronary risk factors 
which are more prevalent in urban subjects (compared to 
rural subjects) are hypertension, diabetes mellitus, 
obesity, truncal obesity and elevated levels of total and 
LDL cholesterol. These factors need to be modified to 
decrease the prevalence of coronary heart disease in 
India, 

Rose initially suggested that a population-based ap¬ 
proach to disease prevention is important^'*’. He identi¬ 
fied that population means reflect the presence of 
deviant individuals. The higher the mean level of a risk 
factor, the greater would be the prevalence of that risk 
factor in the population. Thus, mean blood pressure of a 
population accurately predicts the number of hyperten¬ 
sive individuals, mean body weight predicts the number 
of obese subjects and average consumption of alcohol is 
indicative of the prevalence of heavy drinking. He also 
identified that the prevalence of high-risk state 
(hypercholesterolaemia, hypertension, obesity, excessive 
consumption of alcohol) is largely a reflection of the 
lifestyles and attitudes of the masses. A population- 
based approach would correct the underlying cause of 
the coronary heart disease epidemic and is safer, 
cheaper and more cost-effective than the high-risk ap¬ 
proach. 

We have identified many traditional coronary risk 
factors as important in the present study. Most of these 
can be changed by adopting healthier lifestyles^^. Con¬ 
trol of hypertension can be achieved by reduction of 
dietary salt, alcohol and calorie intake, increased physi¬ 
cal exercise, stress management, and a greater intake of 
calcium, potassium, magnesium and fibre^^. Control of 
hypercholesterolaemia and decrease in mean LDL- 
cholesterol levels can be achieved by reducing the die¬ 
tary intake of saturated fats, meat and dairy products and 
a greater intake of polyunsaturated fats and fibre^^. 
HDL-cholesterol levels can be influenced by greater 
intake of monounsaturated fats, fruits and green vegeta¬ 
bles, and by exercise^^. Truncal obesity can be reduced 
by regular exercise^. Peripheral insulin resistance can 
also be improved by regular physical activity. 

In summary, coronary heart disease in India can be 
prevented by controlling intake of tobacco, salt, satu¬ 
rated fats, alcohol and calories, by increasing both 


work-related and leisure-time physical activity, increas¬ 
ing consumption of ‘heart-healthy’ foods such as fruits 
and vegetables, high fibre cereals, oils containing bal¬ 
anced amounts of polyunsaturated and monounsaturated 
fats^^ (e.g. canola oil, soya bean oil), and spices and 
cereals with a high flavonoid content^^. Stress manage¬ 
ment techniques, especially yoga may be important^®. 
Reverting to traditional Indian social lifestyles (joint 
families, small families, good education) may also be 
important^"^. Physicians have key roles as expert advis¬ 
ers, opinion formers; and hopefully by setting good per¬ 
sonal examples. Governments, the food and agriculture 
industries, the mass media, educators, and many other 
community groups and agencies could supplement the 
efforts of physicians in implementing the guidelines for 
coronary heart disease prevention^^ 


1. World Health Report, 1997, World Health Organization, 
Geneva, 1997. 

2. Gupta, R., South Asian J. Prev. CardioU, 1997, 1, 14-20. 

3. Fuster, V., Badimon, L., Badimon, J. J. and Chesebro, J. H., 
N. Engl. J. Med., 1992, 326, 242-250. 

4. Stamler, J., in Coronary Heart Disease Epidemiology: From 
Aetiology to Public Health (eds Marmot, M. and Elliot, P.), 
Oxford University Press, Oxford, 1992, pp. 35-66. 

5. Gupta, R., Gupta, K. D., Sharma, S. and Gupta, V. P., Indian 
Heart J., 1993,45, 125-129. 

6. Enas, E. A. and Mehta, J. L., Clin. Cardiol., 1995,18, 131-135. 

7. Williams, B., Lancet, 1995, 345, 401-402. 

8. Gupta, R. and Gupta, V. P., Indian Heart J., 1996, 48, 241-245. 

9. Epstein, F. H., Circulation, 1996, 93, 1755-1764. 

10. Gupta, R., Prakash, H., Majumdar, S., Sharma, S. C. and Gupta, 
V. P., Indian Heart J., 1995, 47, 331-338. 

11. Gupta, R., Prakash, H., Gupta, V. P. and Gupta, K. D., J. Clin. 
Epidemiol., 1997, 50, 203-209. 

12. Gupta, R. and Gupta, V. P., J. Assoc. Phys. India, 1997, 45, 
683-686. 

13. Gupta,,S. P. and Malhotra, K. C., J. Assoc. Phys. India, 1975, 
23, 885-892. 

14. Gupta, R., J. Assoc. Phys. India, 1996, 44, 689-693. 

15. Rose, G., Circulation, 1991, 84, 1405-1409. 

16. National High Blood Pressure Education Program. Working 
Group report on primary prevention of hypertension, US 
Department of Health and Human Services, 1993, NIH Publica¬ 
tion No. 93-2669. 

17. National Cholesterol Education Program. Second report of 
the expert panel on detection, evaluation and treatment of 
high blood cholesterol in adults. Circulation, 1994, 89, 1329- 
1445. 

18. Mensink, R. P., Athero.^clerosis, 1994, 110 (suppl), S65-S68. 

19. Nair, S. and Nagar, R., South Asian J. Prev. Cardiol., 1997, 1, 
33-35. 

20. Gupta, R., in Contemporary Medicine-} (eds Gupta, R. and 
Madan, B. R.), Jaypee Brothers Medical Publishers, New Delhi, 
1993, pp. 54-74. 

21. Beaglehole, R., Br. Med. J., 1992, 305, 1170-1171. 


Received 26 July 1997; revised accepted 20 September 1997 


CURRENT SCIENCE, VOL. 74, NO. 12, 25 JUNE 1998 


1077 





SPECIAL SECTION ON: 


Factor V Leiden gene mutation in young Indian 
patients with myocardial infarction 
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Myocardial infarction (MI) in the young provides a 
unique model for the investigation of potential inter¬ 
actions between atherosclerotic and prothrombotic 
coronary risk factors. Factor V Leiden gene muta¬ 
tion, the underlying cause of activated protein C re¬ 
sistance, is the commonest cause for venous 
thrombosis. It is still not clear whether there is any 
relationship between this genetic defect and arterial 
thrombosis. We have studied the prevalence of factor 
V Leiden mutation in a selective group of young pa¬ 
tients with myocardial infarction (MI), aged <45 
years, to assess, whether it increases the risk of MI in 
this group of patients, in whom not only MI is a rare 
event, but also most of the well known risk factors 
for MI such as hypercholesterolemia and hyperten¬ 
sion are also uncommon. Two cases (5%) were found 
to be carriers of factor V Leiden mutation, who were 
also found to be chronic smokers. This preliminary 
study is an attempt to study a genetic risk factor for 
thrombosis, i.e. Factor V Leiden mutation to observe 
whether it is responsible alone or interacting with 
other risk factors increases the risk for mycordial 
infarction. 


Thrombosis of a coronary artery typically occurs in the 
setting of coronary atherosclerosis and results in the 
clinical occurrence of acute myocardial infarction^ It is 
quite likely that interactions between atherosclerosis and 
thrombosis influence the risk of myocardial infarction. 
In young patients with myocardial infarction, the contri¬ 
bution of thrombosis to athero-thrombotic disease may 
be particularly important. Furthermore, such types of 
patients are more common in the Indian population. It is 
quite logical, therefore, to suspect some genetic fac- 
tor(s) being responsible for this disease. 

A major breakthrough in the understanding of the ge¬ 
netics of thrombosis resulted from the description of 
activated protein C (APC) resistance as a cause of 
thrombophilia^. Further advance was made with the di¬ 
rect association of this anomaly with a single point mu¬ 
tation in the factor V gene, which produces replacement 
of Arg^°^ in one of the APC cleavage sites with Gin 
moiety^. Mutated factor Va is less efficiently degraded 


by APC than normal factor Va and leads to increased 
thrombin generation and a hypercoagulable state'^’^ APC 
resistance is now known to be a major risk factor for 
venous thrombosis^’^. 

It is not clear whether APC resistance is associated 
with an increased risk of arterial thrombosis. Conflicting 
reports are available about the association of factor V 
Leiden with We have tried to investigate whether 

factor V Leiden mutation increases the risk of MI in a 
selective group of young Indian patients, among whom 
atherosclerosis is less prevalent than it is among older 
subjects. 

The study was carried out in 40 adult patients (37 
males and 3 females). The criteria for the selection of 
patients were: (i) age less than 45 years, (ii) the ECG 
changes suggestive of MI, and (iii) two of the three se¬ 
rum enzymes, i.e. CPK, CPKMB and LDH showing ab¬ 
normal elevated levels. Forty normal age- and sex- 
matched subjects served as controls. 

PCR analysis. DNA was extracted from peripheral 
blood leucocytes as described earlier^^. The PCR ampli¬ 
fication was carried out by a standard protocol^^ consist¬ 
ing of 36 cycles (91°C - 40 sec, 55°C, 40 sec, 71°C ~ 2 
min). We used 50 pmol of each of the primers, standard 
PCR buffer and dNTP concentrations. The amplified 
product was digested with 4 units of restriction enzyme 
Mnll (Boehringer Manheim, Germany) and run in 3% 
low-melting agarose gel. The age and sex distribution of 
these patients are shown in Figure 1. There were only 
three females in this series. Only two patients were het¬ 
erozygous for factor V Leiden mutation (5%). None of 
them was homozygous for the mutation (Figure 2). 

The other familial risk factors in these patients are 
tabulated in Table 1. The two cases who showed the 
presence of factor V Leiden mutation had no history of 
diabetes or obesity. The relationship between factor Y 
Leiden mutation and arterial thrombosis is still not clear. 
So far, only one of several case-control studies has 
shown an association between MI and an increased risk 
of prevalence of factor V Leiden mutation®”^ ^ However, 
isolated cases of homozygous factor V Leiden mutation 
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Figure 1. Histogram showing age and sex distribution of young Indian patients with myocardial infarction. 



Figure 2. Electrophoretogram of PCR-amplified DNA from patients with myocardial infarction. Factor V gene mutations 
in patients with myocardial infarction cases. Lanes 1, 2, 4 and 6, Myocardial infarction patients negative for factor V Lei¬ 
den mutation; lanes 3 and 5, Myocardial infarction patients heterozygous for factor V Leiden mutation; lane 7, PCR- 
amplified undigested DNA; lane 8, DNA molecular weight marker V (Boehringer, Manheim). 


have been reported in a few cases of arterial thrombo- 

We have screened a selective group of patients less 
than 45 years of age, in whom most of the risk factors 
for MI are quite uncommon, to investigate whether this 


major genetic cause for thrombosis is the underlying 
explanation in this group of patients. Two of our pa¬ 
tients were found to be heterozygous carriers of factor V 
Leiden (5%). The prevalence is about 4 times higher 
than its prevalence in our general population which is 
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Table 1. Prevalence of familial risk factors in Indian patients with 
myocardial infarction 


Disease 

No. of 
patients 

Percentage 

Diabetes mellitus 

1 

2.5 

Hypertension 

5 

12.5 

Ischaemic heart disease 

8 

20.0 

Peripheral vascular disease 

- 

- 

Cerebrovascular accident 

- 



1.2% (ref. 16). This indicates that this may be a risk 
factor in this group, but unless a large group is studied, 
it is difficult to come to a conclusion. Other known 
familial risk factors were absent in these patients. 
Screening coagulation tests and blood levels of lipopro- 
tein(a) and fibrinogen were within normal limits. 

There are several reports that factor V Leiden muta¬ 
tion has a synergistic effect showing interaction with 
various genetic and environmental factors^^. Both the 
heterozygotes reported here were found to be chronic 
smokers for the past 10 years. Whether synergistic effect 
between factor V Leiden and smoking, as reported ear- 
lier^^ exists in our population, needs to be studied in a 
large group of factor V Leiden carriers who smoke and 
those who do not smoke. 

Because of the small number of patients and the low 
prevalence of factor V Leiden gene carriers, the pre¬ 
liminary finding given here should be considered as a 
hypothesis generating rather than hypothesis testing. 
Additional studies are needed to explore potential inter¬ 
actions between behavioural factors (smoking, diet and 
physical activity), metabolic factors (obesity, hypercho- 
lesterolaemia, hypertension and diabetes) and common 
prothrombotic genetic mutations. In conclusion, factor 
V Leiden is a risk factor for MI in young patients. Be¬ 
cause of its high prevalence relevant to thrombosis, as 


compared to other genetic factors, the interaction be¬ 
tween various risk factors also needs to be analysed. 
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High rates of CAD in Asian Indians in the United 
States despite intense modification of lifestyle: 
What next? 
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Asian Indians around the globe have the highest 
rates of coronary artery disease (CAD), even though 
almost half of them are life-long vegetarians. When 
compared to Whites, Blacks, Hispanics and other 
Asians, the CAD rates in Asian Indians worldwide 
are 2-4. times higher at all ages and 5-10 times 
higher in those under 40 years of age. The prevalence 
of CAD in New Delhi is 4-fold higher than in 
Framingham (US). The unifying hypothesis, 
considering all the data available today, suggests the 
combined role of nature and nurture in the develop¬ 
ment of malignant atherosclerosis in young Asian 
Indians. Nature is provided by elevated levels of 
lipoprotein(a), the levels of which are genetically de¬ 
termined. Urbanization, affluence, and mechaniza¬ 
tion provide nurture. Since conventional risk factors 
do not explain this excess burden of CAD in Asian 

Among the one million Asian Indians settled in the 
United States (US), thirty thousand are physicians, in¬ 
cluding two thousand cardiologists^ About one in forty 
Asian Indians in the US is a doctor, and one in five hun¬ 
dred is a cardiologist. These Asian Indians enjoy a high 
socio-economic status and nearly half of them are life¬ 
long vegetarians, two factors generally considered pro¬ 
tective against coronary artery disease (CAD). The 
Asian Indian physicians in the United States are not only 
aware of the major coronary risk factors but appear to 
have made maximum modification of lifestyle to reduce 
their risk of CAD. Yet, they have the highest rates of 
CAD among all Americans^. 

In the Coronary Artery Disease in Asian Indian 
(CADI) Study of 1131 men, aged 30-69, the prevalence 
of CAD was 10.2% (ref. 3) (80% angiographically 
documented) compared with 2.5% in White men of the 
same age group in the Framingham Offspring Study"^. 
The rates were similar among subjects born in different 
states in India as well as among those settled in different 
states in the US. Vegetarians and non-vegetarians had 
similar rates. Among the Asian Indians studied, 75% 
were physicians and they had CAD rates similar to non¬ 
physicians. 

(e-mail: CADIUSA@aol.com) 


Indians, conventional approaches to prevention and 
treatment may also be insufficient. Asian Indian 
physicians in the US have made maximum modifica¬ 
tion of lifestyle and yet their CAD rates are 4-fold 
higher than White Americans and 6-fold higher than 
Chinese Americans. Dyslipidemia characterized 
by the ‘Lipid tetrad’ appears to offer the best 
plausible explanation. Therefore, an aggressive ap¬ 
proach to treatment of dyslipidemia seems not only 
justified, but warranted in this population. The 
overall risk of CAD in Asian Indians appears to be 
similar to that of other populations with known 
CAD. Therefore, high-risk Asian Indians should be 
treated for an low density lipoprotein (LDL) goal 
< 100 mg/dl, the level recommended for patients with 
CAD, if maximum modification of lifestyle fails to 
achieve this goal. 

The 4-fold higher rates of CAD in Asian Indian phy¬ 
sicians are in sharp contrast to the 5-fold lower rates of 
CAD among other physicians in the US‘\ Among the 
participants in the Physicians’ Health Study, the CAD 
mortality (prevalence data not available) was only 22% 
that of the general US population^ The high rates of 
CAD in Asian Indians in the US are not limited to phy¬ 
sicians^. The hospitalization rates for CAD in Asian In¬ 
dians are 4-fold higher than Whites and 6-fold higher 
than Chinese in California^. Although their overall 
mortality is low, young Asian Indian men and middle- 
aged Asian Indian women in the US have a substantially 
higher proportionate mortality ratio (PMR) for CAD^ 
For example, with 100 as the standard for Whites, the 
PMR for CAD is 350 in Asian Indian men under 45 
years of age and 210 for Asian Indian women between 
the ages of 45 and 65. Thus, Asian Indians in the US 
have considerably higher rates of incidence, prevalence, 
and mortality from CAD than the general population. 

The high rates of CAD among Asian Indians are in 
sharp contrast to the low rates of CAD among other 
Asians. Despite very high rates of smoking and hyper¬ 
tension, the CAD rates in Japan^® are 4-fold lower than 
in the US (Japanese paradox). The same is true in China 
(Chinese paradox)^V Serum cholesterol levels in Japan, 
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China as well as other Asian countries are much lower 
than in the West (150 mg/dl to 170 mg/dl) and account 
for their low rates of CAD^^. Though these Asians ex> 
perience an increase in CAD upon immigration and ac¬ 
culturation to the US, the CAD rates among other Asian 
Americans remain substantially lower - about half that 
of White Americans^. 

The high rates of CAD in Asian Indians appear to be a 
global phenomenon, shared by the inhabitants of the 
four countries of the Indian subcontinent (India, Paki¬ 
stan, Bangladesh and Sri Lanka) as well as immigrants 
from these countries to various regions of the world^^. 
The CAD mortality rates among overseas Asian Indians 
are 2- to 4-fold higher compared to compatriots of other 
ethnic originsWomen have an even greater excess of 
CAD than men, even though smoking is uncommon 
among them (Table 1). 

Those living in the urban areas of the Indian subconti¬ 
nent have CAD rates similar to Indians living over¬ 
seas The CAD rates in rural India are one-half that of 
urban India, though smoking is more common in Indian 
villages^^. However, these rural rates are double that of 
the overall US rates^^ and 4-fold higher than in rural 
China and Japan. 

The three remarkable features of CAD in the Asian 
Indian population are extreme prematurity, marked se¬ 
verity and low prevalence of conventional risk factors. 
Asian Indians develop CAD 5- to 10 years earlier than 
in other populations and the chance of the first MI oc- 


Table 1. Standardized coronary mortality rate in Asian Indians 
compared with other population groups/100 000 (1980-1985) 


Population Group 

Men 

Women 

Singapore 



Asian Indians 

613 

214 

Chinese 

162 

SI 

Malays 

306 

133 

Canada 

Asian Indians 

469 

182 

Chinese 

144 

53 

Whites 

386 

131 

South Africa 

Asian Indians 

573 

279 

Blacks 

25 

15 

Whites 

453 

179 

England and Wales 

Asian Indians 

433 

137 

Whites 

318 

94 

Caribbeans 

143 

71 

General population 

(for comparison) 


Scotland 

398 

142 

USA 

235 

69 

France 

94 

20 

China 

49 

27 

Japan 

37 

9 


Adapted from refs. 16, 21. 


curring under 40 years of age is 5 to 10-fold higher. 
Coronary angiographic studies have consistently shown 
severe, extensive multi-vessel disease even among non¬ 
smoking premenopausal women. This suggests the de¬ 
velopment of a malignant atherosclerosis in Asian 
Indians at a much earlier age than in other populations. 

Conventional risk factors and paradox galore 

These high rates of CAD among Asian Indians are ac¬ 
companied by low rates of conventional risk factors 
(Asian Indian paradox). Among the participants in the 
CADI Study, only 3% smoked cigarettes, 3% had obe¬ 
sity, 14% had high blood pressure, 17% had high choles¬ 
terol (> 240 mg/dl), 19% had high triglycerides 
(>200 mg/dl) and 24% had low HDL (<35 mg/dl) 
(Table 2) (ref. 3). The corresponding percentages among 
the White Americans were 27%, 31%, 19%, 23%, 11%, 
and 21% respectively. Contrary to studies in other 
countries, the serum levels of triglycerides and HDL in 
Asian Indians were not significantly different from 
Whites. This finding is attributed to the surprisingly 
high levels of leisure-time physical activity among these 
health-conscious physicians. 

The relationship of diet, abdominal obesity, and 
physical activity to plasma lipoprotein levels was stud¬ 
ied in a subgroup of 153 Asian Indian male physicians^^. 
Their leisure-time physical activity averaged 136 min¬ 
utes per week, nearly double the level of physical activ¬ 
ity recommended by the American Heart Association. 
Their diet averaged 56% energy from carbohydrates, 
32% from total fat, and 8% from saturated fat. Thus, the 
diet of these physicians appears to be better than the 
Step 1 diet recommended by the National Cholesterol 
Education Program (NCEP). High carbohydrate intake 
(>282 g per day) was associated with high triglycerides 
level (P < 0.05), whereas high total fat intake was asso¬ 
ciated with high waist-to-hip ratio (P<0.01). Abdomi¬ 
nal obesity was the prevalent form of obesity and a 
waist-to-hip ratio (WHR) of 0.90 appears to be the cut¬ 
off point since those with higher WHR had an adverse 
pattern of lipid profile. 

Insulin resistance syndrome 

Asian Indians worldwide have higher rates of diabetes. 
Therefore, insulin resistance syndrome has been invoked 
as the most plausible explanation for the excess burden 
of CAD in this population. Diabetes mellitus was found 
in 8% of the Asian Indians compared with 1% of the 
White Americans in the CADI Study. Interestingly, all 
minority populations in the US have higher rates of dia-^ 
betes than Whites but no higher rates of CAD. Hispanics 
actually have a lower rate of CAD than Whites 
(Hispanic paradox). More importantly, the Pima Indians, 
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Table 2. Prevalence of CAD and its risk factors in Asian Indians in comparison with other popula¬ 
tions in the United States 


CADI' 

Asian 

Indians 

pjjS2,3 

American 

Physicians 

FHS'* 

White 

Americans 

SHS’ 

Pima 

Indians 

CAD prevalence (%) 

10 

NA* 

2.5 

1 

Cigarette smoking (%) 

3 

9 

27 

30 

High blood pressure (%) 

14 

14 

19 

32 

High serum cholesterol >240 mg/dl (%) 

17 

Low 

23 

5 

Mean serum cholesterol in mg/dl 

200 

214 

NA 

177 

Diabetes (%) 

8 

4 

1 

65 

Obesity (%) 

3 

Low 

31 

71 

Body mass index 

24.7 

25 

NA 

31.1 

Sedentary lifestyle (%) 

20 

33 

NA 

High 

Lp(a) >30 mg/dl (%) 

25 

NA 

NA 

Low ? 

Daily aspirin use (%) 

NA 

49 

NA 

NA 

Saturated fat intake (% of calories) 

8 

NA 

NA 

NA 


^Coronary Artery Disease in Indians Study (refs 3, 18, 19, 22). 
^Physicians’ Health Study (ref. 6). 

^Enas, E. A., (ref. 5). 

"^Framingham Offspring Study (ref. 4). 

^Strong Heart Study (ref. 20), 

*Mortality 15-22% of the general population; NA, not available. 


known for the world’s highest rates of diabetes (65%), 
have the lowest rate of CAD among all Americans 
(American Indian Paradox)”^. In addition, several con¬ 
temporary studies in India show a prevalence of diabetes 
of only 5-10%, whereas the prevalence of CAD is about 
10%. These data suggest that even insulin resistance 
cannot explain the extreme prematurity, severity, mor¬ 
bidity and mortality from CAD in the Asian Indian 
population^^ 

Lipoprotein (a) - the genetic risk factor for 
premature CAD in Asian Indians 

Elevated serum levels of lipoprotein (a) {Lp(a)} were 
the most common risk factor in Asian Indians in the 
CADI Study. Lp(a) levels >30 mg/dl, generally consid¬ 
ered the threshold for high risk of CAD, were found in 
25% of Asian Indians^^. For comparison, 17% of Whites 
and 8% of Hispanics have Lp(a) levels >30 mg/dl. 
Among the Hispanics, those with the greatest Native 
American admixture have the lowest levels of Lp(a), 
suggesting low levels of Lp(a) in Native Americans. 

Lp(a) is now recognized as the most powerful and 
most prevalent risk factor for premature CAD in diverse 
populations. Its levels are largely genetically determined 
with environmental factors having minimal influence. 
Thus, Lp(a) is a true genetic risk factor for premature 
CAD. It is ten times as atherogenic as LDL. In addition, 
it has significant thrombogenic and antifibrinolytic 
properties due to its.structural homology with plasmino¬ 
gen. Since stable adult levels are reached in infancy, the 
pathological effects of elevated Lp(a) start about 15 to 


20 years earlier than other risk factors; hence its crucial 
role in premature CAD. 

Unlike other lipoproteins, Lp(a) levels are highly cor¬ 
related with the severity of atherosclerosis in various 
vascular beds. Lp(a) levels not only modulate the risk 
of CAD and its clinical events in patients with hypercho¬ 
lesterolemia but also determine the outcome following 
percutaneous transluminal coronary angioplasty (PTCA) 
and coronary artery bypass surgery (CABG)^*^. Lp(a) 
levels were the dominant determinant of death in the 
4S and many other studies. More recently, Lp(a) levels 
were found to be the dominant determinant of 
target-organ damage in patients with hypertension^"*. 
These target organ damages included left ventricular 
hypertrophy, angina, myocardial infarction, and heart 
failure. 

Shaukat et al}^ have reported a strong correlation 
between Lp(a) levels and the severity of CAD in Asian 
Indians. In their study, Asian Indians with CAD as well 
as their healthy offspring had higher levels of Lp(a) than 
in White CAD patients and their healthy ofl'spring. More 
recently Mohan et al. (pers. commun.) in Madras have 
shown Lp(a) levels to be the most powerful determinant 
of CAD in their patients with non-insulin-dependent- 
diabetes mellitus (NIDDM). Lp(a) levels were nearly 
double in NIDDM patients with CAD compared to those 
without CAD (40.5 mg/dl vs 23.1 mg/dl, P< 0.001). 
Lp(a) levels >30 mg/dl were seen in 57% of NIDDM 
patients with CAD compared to 36% of NIDDM pa¬ 
tients without CAD and 30% of control patients with 
neither NIDDM nor CAD. These data suggest that the 
Lp(a) level is a dominant determinant of CAD and its 
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outcome in patients with NIDDM, hypertension and hy¬ 
percholesterolemia. 

Multiplicative effects ofLp(a) with other 
lipoproteins 

Although Lp(a) is a strong independent risk factor for 
premature CAD, its pathogenicity is markedly influ¬ 
enced by the serum concentrations of other lipopro¬ 
teins^^. For example, the risk of CAD increases 100-fold 
when a total cholesterol/HDL ratio of >5.85 is accom¬ 
panied by a Lp(a) level of >55 mg/dl (ref. 27). Lp(a) 
levels are highest in Blacks, but for them its adverse 
effects are neutralized by the low serum levels of LDL 
and triglycerides and high serum levels of HDL, all of 
which are common among this population. On the other 
hand, the pathological effects of Lp(a) are exponentially 
increased by the well-known lipid triad (high triglyc¬ 
erides, high LDL, and low HDL), frequently seen among 
Asian Indians. 

As a population, Asian Indians appear to have a 
unique pattern of dyslipidemia, a ‘deadly lipid tetrad’. 
This lipid tetrad consists of elevated Lp(a) in combina¬ 
tion with the lipid triad. This lipid tetrad is rarely seen 
in other populations in epidemiological studies. How¬ 
ever, this combination is frequently seen in patients with 
severe CAD and in those who have had poor outcomes 
from repeated PTCA, CABG or heart transplants. This 
lipid tetrad appears to explain the malignant atheroscle¬ 
rosis in young Asian Indians and accounts for their high 
morbidity and mortality from CAD. 

A Comprehensive Lipid Tetrad Index^^ has been de¬ 
scribed as the single best predictor of CAD risks in di¬ 
verse populations, especially Asian Indians. This index 
reflects the total buiiden of dyslipidemia and is derived 
by multiplying the three lipids directly associated 
with CAD and dividing the product by HDL, which is 
inversely associated (total cholesterol x trigly¬ 
cerides X Lp(a)/HDL). This lipid index appears to ex¬ 
plain the Asian Indian paradox and the numerous para¬ 
doxes mentioned earlier^^ 

Combined toll of nature and nurture 

The high rate of CAD in Asian Indians is due to a com¬ 
bination of nature (genetic predisposition) and nurture 
(lifestyle factors). The nature is attributed to elevated 
levels of Lp(a). Given this genetic predisposition, the 
harmful effects of lifestyle factors are magnified. These 
lifestyle factors include those associated with urbaniza¬ 
tion as well as immigration and acculturation^^. When 
people move from rural to urban environments, they 
become increasingly sedentary or may adopt a Western 
lifestyle. Decreased physical activity and increased con¬ 
sumption of calories and fat resulting in abdominal 


obesity, insulin resistance and atherogenic dyslipidemia 
generally accompany this change. These acquired meta¬ 
bolic abnormalities appear to have a synergistic effect 
on the development of CAD in genetically susceptible 
individuals*^®. 

Prevention of CAD in Asian Indians 

The most important aspect of prevention of CAD is to 
identify at an early age those individuals who are at a 
high risk of developing CAD^^ Since Lp(a) is fully ex¬ 
pressed in the first year of life, tracking Lp(a) from 
childhood may be a better option than focusing on other 
dyslipidemias which are not expressed until later in 
life^^. In people with elevated Lp(a) levels, the initial 
therapeutic and preventive goals consist of diligently 
searching and drastically reducing all concurrent modi¬ 
fiable risk factors^‘\ 

About one in four Asian Indians has elevated Lp(a) 
and reduced HDL levels, and one in five has elevated 
triglyceride levels. These lipid abnormalities make the 
LDL small, dense and highly toxic. Therefore, serum 
cholesterol concentrations greatly underestimate the 
total burden of dyslipidemia in Asian Indians and every 
effort should be made to prevent serum cholesterol from 
being elevated in this population^"*. 

Over a lifetime, the serum levels of LDL and Lp(a) 
are the critical risk factors for CAD in Asian Indians as 
in other populations^*'’. Patients with CAD have a 5- to 7- 
fold higher risk of recurrent clinical events. The overall 
risk of CAD in Asian Indians appears to be similar in 
magnitude to other populations with CAD. 

An overwhelming body of data provides compelling 
evidence of reduction in cardiac morbidity and mortality 
by aggressive lipid-lowering therapy (Table 3). The an¬ 
giographic regression studies have demonstrated that the 
inexorable progress of atherosclerosis can be slowed, 
arrested, and in some cases reversed by substantial low¬ 
ering of LDL*^^. A reduction in serum cholesterol level 
by 10% will decrease the risk of CAD by 50%, provided 
the reduction occurs before the age of 40 years and is 
maintained throughout life^^. 

More importantly, substantial lowering of LDL mark¬ 
edly reduces the atherogenicity from persistently ele¬ 
vated Lp(a)^®. Therefore, substantial lowering of LDL 
offers a new and effective strategy for treating patients 
with elevated Lp(a) and this can now be readily 
achieved with statins. In addition, elevated levels of 
Lp(a) can be reduced with estrogens in post-menopausal 
women and with large doses of niacin in both genders. 

Lipid lowering produces dramatic beneficial effects in 
both primary^® and secondary prevention"*® (Table 3) and 
it does not increase non-coronary deaths. In the 4S and 
West of Scotland Studies (WOSCOPS), the outcomes in 
terms of beneficial effects were virtually identical, de- 
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Table 3. Landmark lipid-lowering 

clinical trials, 

reduction in 
CABG 

mortality, clinical 

events, PTCA, and 

Landmark trial 

4S' 

CARE^ 

WOSCOP’ 

POSCH"* 

Number of subjects 

4,444 

4,159 

6,595 

838 

Mode of therapy 

Zocor 

Pravachol 

Pravachol 

Ileal Bypass 

Duration of study 

5.4 years 

5 years 

5 years 

14.7 years 

Baseline mean cholesterol (mg/dl) 

270 

209 

272 

>220 

LDL reduction (%) 

35 

28 

26 

38 

Coronary event reduction* (%) 

34 

24 

31 

18 


(P = 0.00001) 

{P = 0.003) 

(P = 0.001) 

(P = < 0.00001) 

PTCA/CABG reduction (%) 

37 

27 

37 

47 


(P = 0.00001) 

(P = 0.001) 

(P = 0.009) 

(P= <0.00001) 

Stroke reduction (%) 

30 

31 

11 

5 


(P = 0.05) 

(P = 0.03) 

(P = NS) 

(P = NS) 

Coronary death reduction (%) 

42 

20 

33 

30 


(P = 0.00001) 

(P = 0.10) 

(P = 0.042) 

(P = ONS) 

Total mortality reduction (%) 

30 

9 

22 

21 


(P = 0.0003) 

(P = NS) 

(P = 0.051) 

(P = 0.048) 


'•^Includes MI, resuscitated cardiac arrest, coronary death; NS, not significant. 
'Scandinavian Simvastatin Survival Study (ref. 40). 

^Cholesterol and Recurrent Events Study (ref. 45). 

^West of Scotland Coronary Prevention Study (ref. 39). 

''program of Surgical Control of Hyperlipidemia (ref. 18). 


spite the fact that the 4S study was a secondary- 
prevention study, and the West of Scotland Study 
evaluated primary prevention in high-risk patients who 
had not had a coronary event. This suggests the distinc¬ 
tion between secondary prevention and primary preven¬ 
tion in high-risk populations is not particularly useful 
and may be, to some extent, misleading. 

Today, the statins are the most powerful and consis¬ 
tent means available for lowering total cholesterol and 
have no.major adverse effects. The approximate 30- 
60% reduction in LDL achieved by statins is a dimen¬ 
sion never previously seen with diet modification or any 
other treatment'^^ The cost-effectiveness of statin ther¬ 
apy in secondary prevention appears to be more favour¬ 
able than PTCA, CABG, stents'*^ or the treatment of 
hypertension and diabetes. Although the statins are ex¬ 
pensive in the short run, the cost is balanced out over a 
few short years by the great benefits derived, especially 
from the reduction in the need for PTCA and CABG'^^ 

Although cigarette smoking, diabetes, high blood 
pressure, and high cholesterol could not explain the ex¬ 
cess CAD in Asian Indians, these time-honoured risk 
factors should not be ignored under any circumstances. 
These risk factors are clearly associated with CAD in all 
populations studied, and Asian Indians are no exception. 
It appears that about half of all CAD in Indians can be 
attributed to these conventional risk factors. 

Conclusion 

The Asian Indians have the highest rates of CAD and 
the overall risk in this population is comparable to the 5- 


fold higher risk of recurrent events in patients with 
known CAD. Conventional risk factors have consistently 
failed to fully explain this excess burden. Therefore 
conventional approaches to prevention and treatment 
may not be sufficient to reduce the excess burden of 
CAD in this population. Since the lipid tetrad offers the 
best plausible explanation, an aggressive approach to 
treatment of dyslipidemia seems not only justified but 
warranted in Asian Indians"^"^. The reduction in cardiac 
morbidity and mortality with lipid-lowering therapy has 
now been firmly established in patients with and without 
CAD^\ 

It seems unrealistic to expect any greater degree of 
modification of lifestyle than what was observed in the 
CADI Study. These physicians not only had the best 
knowledge but also the know-how and the resources to 
make maximum changes in their lifestyle. Therefore, 
pharmacological intervention to lower cholesterol simi¬ 
lar to that in secondary prevention of CAD (LDL 
<100 mg/dl) seems justified as primary prevention in 
high-risk Asian Indians"^^. Specific guidelines for Asian 
Indians that allow pharmacological treatment to be 
started at a lower LDL concentration and at a younger 
age are urgently needed. 

The results of the WOSCOP Study provide strong 
evidence that the incidence of a first MI can be reduced 
by about one-third in those with moderately elevated 
cholesterol and multiple risk factors. It is my opinion 
that those with multiple risk factors without manifest 
CAD would benefit from reduction in LDL to less than 
100 mg/dl and preferably 70-80 mg/dl, though the data 
supporting this recommendation are lacking at this time. 
Those who wait for susceptible individuals to develop 
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symptoms before deciding to treat should not forget the 
fact that often the first symptom could be the last ~ a 
sudden death. The best strategy to prevent CAD was 
elegantly articulated by William Roberts^^: ‘If the serum 
cholesterol can be prevented from rising above 
150 mg/dl, plaques are not laid down; if elevated levels 
are lowered to 150 mg/dl, further plaques do not form, 
and parts of those present may vanish’. This strategy 
may be far more cost-effective than waiting and even¬ 
tually paying for ‘tertiary prevention’, such as PTCA 
and CAB.G. 
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People originating from the Indian subcontinent liv¬ 
ing abroad are reported to have a higher prevalence 
of coronary heart disease (CHD) compared to in¬ 
digenous populations in the countries they reside. 
Recently there have been reports of increases in 
prevalence of CHD from India also. Initial reports 
indicate that people of Indo-origin may be more 
prone to CHD due to a metabolic syndrome which 
comprises of resistance to insulin-mediated glucose 
uptake, serum triglycerides that are at the upper end 
of normal, a low level of high density lipoprotein 
(HDL) cholesterol and blood glucose values in the 
pre-diabetic range. In addition, people of Indo-origin 
have increased concentrations of lipoprotein (a), a 
particle that is associated with increased propensity 
to CHD, Both insulin resistance and lipoprotein (a) 
are genetically determined, but the increased CHD 
risk related to them seems to come into play when 
environmental factors such as diet and physical 
inactivity lead to obesity and/or increases in serum 
cholesterol- Alterations in traditional lifestyles due to 
migration from rural areas to urban areas in India 
and or on migration abroad to more prosperous 
conditions may explain why people of Indo-origin are 
at an increased risk of CHD. There is a need for 
more studies in India and cross-country studies of 
Indians abroad to clarify some of these issues. The 
results of these studies will help put into place health 
promotion strategies to prevent CHD which often 
affects people when they are most productive. 


Tbe burden of CHD in Indians living overseas 

There are several reports which indicate that the people 
of Indian origin living outside India have a greater 
prevalence of CHD than co-existing indigenous popula¬ 
tions. Most of these initial data arose from studies car¬ 
ried out in the West Indies, UK and South-East Asia^"^. 
More reports have emerged from Mauritius and the 
United States recently*^’^, but there are no large studies 
on the incidence of CHD. The data on prevalence are 
further confounded by problems such as reluctance or 
delays in access to medical care in Indian immigrant 
populations^. A further issue relates to the heterogeneity 
of people from the Indian subcontinent. Many of the 
older studies have been carried out on Gujaratis or 


Punjabis, and on people from different countries of the 
subcontinent such as India, Pakistan and Bangladesh. 
The literature simply refers to all these different cultural 
groups as South Asians. Religion, culture, language, 
climate and geography all confer particular ethnic char¬ 
acteristics to people in the Indian subcontinent. In most 
countries, in the rest of the world, these factors influ¬ 
ence dietary habits to a great extent, and will do so in India 
also. 

It can also be argued that people who migrate are in 
some way different to those who do not, and thereby 
constitute a naturally-selected population. Most migrants 
from the Indian subcontinent move abroad for economic 
reasons. They tend to originate from small geographical 
clusters of a few villages, and when abroad, often live in 
self-segregated communities^. Looking at the greater 
picture, it often comes as a surprise that the Chinese, 
Jews, Africans or even white Europeans, have migrated 
in larger numbers than people of Indo-origin. There is, 
therefore, need for some caution in extrapolating from 
studies on a highly selected and skewed population of 
Indo-origin people living abroad. In Britain, for exam¬ 
ple, communities from the Indian subcontinent are well 
scattered, and in most areas, hospitals will see numeri¬ 
cally fewer patients with CHD or diabetes mellitus, 
compared to the local white population. These points 
illustrate the difficulties in seeking a unifying hypothesis 
that embraces and explains the increased prevalence of 
CHD originating from the Indian subcontinent. How¬ 
ever, to those who clinically work among people of 
Indo-origin, the diagnosis of CHD or diabetes mellitus is 
all too frequent a reality to be ignored. There is already 
much debate on the causation of CHD in the Western 
world^. The difficult question is whether people from 
the Indian subcontinent are more prone to CHD due to 
the presence of particular risk factors. 

The answers to many of these questions lie in the 
characteristics and epidemiology of CHD in Indians 
living in India. Sadly, until recently, there were very few 
studies that provided data from India. This was mainly 
due to the lack of standardization of laboratory assays 
and epidemiological methods. Much of this criticism has 
been rectified in the last five years with the appearance 
of epidemiological studies from India that will stand up 
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to scrutiny world wide, although there is still a dearth of 
studies on the incidence of CHD. This issue of data from 
India is particularly important for planning preventive 
strategies in India where people are now generally living 
longer and surviving into decades where much of the 
problem of CHD appears in the West. In the West, and 
in Indians living abroad, the tragedy of CHD lies in its 
premature appearance in subjects who are generally in 
their prime and most productive. If a similar trend es¬ 
tablishes itself in a large country such as India; where 
poverty co-exists with affluence and ignorance, with 
great strides in science and technology, then the burden 
of CHD would add greatly to the diseases relating to 
poor socio-economic conditions. It is, therefore, worth 
investing in setting up studies in India which will yield 
data that are sound. It is only from these studies that 
clues to the cause of the increased prevalence and mor¬ 
tality in Indians living abroad will become clear. The 
story becomes more intriguing in the United Kingdom 
with a comprehensive report on ethnicity and variations 
in mortality from CHD. In general CHD mortality is 
declining amongst people from the Indian subcontinent 
in the UK, although it remains higher compared to those 
not of Indo-origin^^. The decline was greatest in Sri 
Lankans, Indians and East-African Indians, and smallest 
in Bangladeshis and Pakistanis. These rates of decline 
are very much linked to socio-economic status, where a 
higher status was associated with the decreased CHD 
risk. They further add to the conundrum of increased 
CHD risk in Indo-origin people. 

Possible aetiology of increased coronary risk in 
people from the Indian subcontinent 

It is a common refrain in journals and textbooks that the 
aetiology of CHD is multifactorial, and certainly there is 
no shortage of risk factors that are associated with 
CHD^^ They range from mystifying ear lobe creases and 
residence in hard water areas to established risk factors 
such as smoking and hypercholesterolaemia. The large 
numbers of studies carried out in the area of causation of 
CHD have improved the ability to stratify risk in a clini¬ 
cal setting. For example, in a lipid clinic it is usual to 
ascertain coronary risk by determining whether a patient 
has a genetic hyperlipidaemia such as heterozygous 
familial hypercholesterolaemia or familial combined 
hyperlipidaemia or simple hyperlipidaemia due to die¬ 
tary indiscretion or a mixed hyperlipidaemia associated 
with hypertension or glucose intolerance. Each of these 
carry a different degree of risk. The question is whether 
ethnicity itself is a particular risk factor or does coro¬ 
nary risk in people of Indo-origin operate through con¬ 
ventional risk factors. 

In medicine, it is not always easy to separate the 
wheat from the chaff and the quality and paucity of risk 


factors in Indians makes it more difficult to sieve the 
facts. However, the literature does hold clues. The body 
of accumulating evidence would suggest that being of 
Indo-origin is associated with the metabolic syndrome 
that includes low HDL-cholesterol, high serum insulin, 
glucose intolerance and serum triglycerides that are 
nearer the upper limit of normal^^’^*"^. It is not clear 
whether these biochemical characteristics are prevalent 
in subjects without CHD also, or there is a further trig¬ 
ger or factor that leads to CHD. 

Nature or nurture? 

The metabolic syndrome does not occur uniquely in 
people of Indo-origin. In the West, it is all too fre¬ 
quently seen in preventive cardiology clinics^"^. How¬ 
ever, it seems that the syndrome is more common in 
populations other than those of white European extrac¬ 
tion. Many of these people have lived traditional subsis¬ 
tence lifestyles for many generations, but are now 
emerging in the post-colonial era, with more Western 
habits and, of course, affluence. So is the metabolic 
syndrome a result of Neel’s thrifty genotype?^^ What¬ 
ever the ‘genes’ for diseases of civilization, they are 
bound to have been part of a normal genotype once upon 
a time. The thrifty genotype is said to offer survival 
benefits, but it seems too much of a coincidence that it 
operates in virtually all populations on all continents 
except in white Europeans. The thrifty genotype comes 
into play in all animals during times of physiological 
stress such as pregnancy, and also during starvation or 
trauma, in the form of insulin resistance. However, when 
it comes to obesity, it is difficult to know how a low 
metabolic rate and energy balance are influenced by 
genetic factors. At a population level there are no par¬ 
ticular ethnic differences in energy metabolism and no 
major genes have been found to be widespread enough 
to account for differences in either insulin resistance or 
type 2 diabetes mellitus. There is even less information 
on other aspects of the metabolic syndrome. 

If at present, we have no firm indication of a genetic 
cause for the metabolic syndrome in people of Indo- 
origin, then is it possible that environmental factors are 
to blame? There is no argument that the effects of the 
metabolic syndrome, and progression to either type 2 
diabetes mellitus, or causation of CHD are influenced by 
increasing age, weight gain and physical inactivity**", but 
the thrifty phenotype hypothesis put forward by Barker 
and his colleagues*^ proposes that low birth weight due 
to intrauterine malnutrition leads to several of the com¬ 
ponents of the metabolic syndrome. This effect has been 
shown in several countries in the world, including 
India^^’*^. 

What specific type of malnutrition is responsible is 
not entirely clear, but animal studies suggest that poor 
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maternal protein intake or the ratio of protein to energy 
intake may be to blame^^. The data for the thrifty pheno¬ 
type hypothesis are certainly convincing, but in many of 
the studies the numbers of subjects are small. Moreover, 
there is always the question of selection bias, especially 
relating to the perinatal mortality that is often prevalent 
in malnourished populations. Not all studies of those 
born during famine or a siege as a result of war, confirm 
these findings. Moreover, the very demonstration that 
secondary prevention of CHD is effective, indicates that 
the effect of intrauterine malnutrition may be influenced 
by factors in later life. Data from the Speedwell and 
Caerphilly Study would support this^^, although Hales 
disputes this by saying that this argument is true of most 
diseases^^ He makes a case for investigating causation 
rather than susceptibility to disease. The thrifty pheno¬ 
type may well be relevant in the causation of CHD in 
people of Indo-origin, if the hypothesis holds. This 
would account for the increase in diabetes mellitus and 
CHD seen in post-independence India. The real test of 
this would lie in the future, and in the West, in second 
generation people of Indian origin. The birth weights of 
infants born to second generation Indo-origin women are 
already higher than in those of first generation women^^. 

Glucose tolerance and CHD 

CHD is more frequent in diabetic subjects^^, and many 
patients with CHD also have glucose intolerance^"^. 
People of Indo-origin are more prone to diabetes^*''’^^ and 
must go through a pre-diabetic phase where blood glu¬ 
cose values are higher than in subjects who do not de¬ 
velop diabetes. One would have thought, therefore, that 
hyperglycaemia has a strong role in the causation of 
CHD, but the evidence linking glycaemia to CHD is not 
strong, even in subjects with diabetes mellitus. In non¬ 
diabetic people, the relationship between hyperglycae¬ 
mia and CHD is linear in some studies^^”^^, but in others 
only a threshold effect is apparent^^"^^. The lack of uni¬ 
formity of epidemiological methods may be a cause of 
variability, but the results of the recent Chicago Heart 
Association prospective study would suggest that the 
effects of hyperglycaemia on CHD are mediated by 
cardiovascular risk factors, other than blood glucose^^. 
Another factor amongst epidemiological studies is the 
variability in the assessment of glycaemia. Impaired glu¬ 
cose tolerance is defined following differing glucose 
loads, and in some studies fasting glucose levels have 
been used. Nonetheless, an integrated measure of gly¬ 
caemia such as glycated haemoglobin also has a weak 
association with CHD^"^. In diabetic patients the story is 
different with increasing glycaemia being associated 
with CHD^*"". Improvement in glycaemia in these sub¬ 
jects, however, does not prevent CHD^^. These findings 
suggest that hyperglycaemia per se is unlikely to be a 


risk factor for CHD in people of Indo-origin. CHD is 
more common in urban Indians^^. A recent study from 
Southern India found that although type 2 diabetes 
mellitus was more frequent in urban areas compared to 
rural areas, the prevalence of impaired glucose tolerance 
was similar in both populations^^. This further reinforces 
the fact that factors other than glycaemia play an impor¬ 
tant role in the causation of CHD. 

Insulin resistance and CHD 

Blood glucose may be a poor marker of CHD, but its co¬ 
conspirator, insulin resistance has, perhaps a more, 
convincing relationship to CHD. There are numerous 
reports documenting hyperinsulinaemia, and insulin re¬ 
sistance in people of Indo-origin who have had CHD or 
type 2 diabetes mellitus^®”"^®. Moreover, the prevalence 
in insulin resistance is greater than that seen in other 
ethnic groups, and is prevalent in Indo-origin people in 
several countries and has also been documented in 
Indians living in rural areas in India"^^ Does all this add 
up to a genetic trait for insulin resistance in people of 
Indo-origin, which becomes worse with over-nutrition 
and obesity? It is interesting to note that when Reaven 
first described insulin resistance, it was mainly in hyper¬ 
tensive subjects who were lean"^^. Yet, the vast number 
of people who have insulin resistance are obese"^"*. Stud¬ 
ies to establish the genetics of insulin resistance are in¬ 
conclusive, but the other features of the metabolic 
syndrome such as dyslipidaemia, seem to have a 
stronger genetic basis. 

Is it, therefore, possible that decreased insulin sensi¬ 
tivity in Indo-origin people is a result of in-utero nutri¬ 
tional deprivation? The answers to these questions will 
come from studies on children of Indo-origin people 
living abroad who have had better nutrition, and also 
from studies on people in India where economic pros¬ 
perity has increased lately. There are few major epide¬ 
miological studies of CHD in Indo-origin people and 
insulin resistance. The data from studies in white Euro¬ 
peans relating to insulin resistance and CHD, seem 
conflicting^^. Interpretation is made difficult by vari¬ 
ability in epidemiological methods and also in the 
definition of insulin resistance. It is likely that studies of 
the other features of the metabolic syndrome such as low 
HDL cholesterol, higher than average serum triglyc¬ 
erides, and other disturbances of lipoprotein metabolism 
will be more rewarding. 

Liproprotein abnormalities and CHD 

One of the incontroversial hallmarks of CHD in Indo- 
origin people, is the presence of low HDL-cholesterol 
and high serum triglycerides. It may well be the case 
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that the effects of insulin resistance are working through 
this pathway, rather than a direct effect on either athero¬ 
sclerosis or thrombosis. Although serum cholesterol and 
LDL-cholesterol have proved to be strongly linked to 
it is the dynamics of cholesterol movement in 
the body that strongly determines coronary risk. It is 
with cholesterol flux that low HDL-cholesterol and high 
triglycerides are intimately linked, and insulin resistance 
has a major effect on the process. It is, therefore, impor¬ 
tant to understand the processes that determine their 
concentrations. The links between CHD and cholesterol 
are well known, but an understanding of the mechanisms 
of hypertriglyceridaemia and low HDL-cholesterol is 
particularly relevant in elucidating the increased CHD 
prevalence in people of Indo-origin. 

The role of serum triglycerides in CHD 

The volume of literature relating serum cholesterol lev¬ 
els and CHD, and benefit from lowering cholesterol is 
large, but, in contrast, there continues to be much debate 
about the role of serum triglycerides in CHD. Part of the 
reason for this debate lies in the complexity of the me¬ 
tabolism of triglycerides, which plays an important role 
in energy metabolism, and thus their serum concentra¬ 
tions do not necessarily reflect their fate in the tissues. 
Cholesterol remains associated with the lipoproteins 
until it is delivered to the LDL receptor or ‘shuttled’ in 
the HDL pool, but triglycerides are constantly being 
hydrolysed by the action of lipoprotein lipase. The flux 
of triglycerides changes dramatically postprandially, It 
is therefore not surprising that epidemiological studies 
have shed little light on the association between serum 
triglycerides and CHD. Several case-control studies 
have linked elevated levels of serum triglycerides"^^’"^^ 
and postprandial triglycerides to CHD"^^’"^®. 

Few epidemiological studies have been specifically di¬ 
rected towards examining the relationship between se¬ 
rum triglycerides and CHD"^^, but data from 
Framingham^°~^^, and more recently, from the PROCAM 
study^^ show a relationship. Serum triglycerides in these 
studies were independent risk factors, particularly in the 
presence of low HDL-cholesterol values. Serum triglyc¬ 
erides come out to be strong predictors of coronary risk, 
particularly in studies from Scandinavia^"^ in women^^ 
and in patients with diabetes mellitus^^. 

Austin’s meta-analysis of 17 population-based pro¬ 
spective studies^^ indicates that plasma triglycerides are 
a risk factor independent of HDL-cholesterol levels. A 
one mmol/1 increase in serum triglycerides was associ¬ 
ated with a 32% increase in risk in men and 76% in 
women, but these figures fell to 14% and 37% respec¬ 
tively after adjustment for HDL-cholesterol. Most labo¬ 
ratories report 2 mmol/1 as the upper limit of normal 
fasting serum triglycerides, but data from healthy sub¬ 


jects, case-control studies and epidemiological studies, 
now suggest that there may be benefit in keeping fasting 
serum triglycerides to below 1.5 mmol/1, a point where 
the small dense LDL subfraction starts to appear^®. The 
presence of this type of LDL has been shown to be as¬ 
sociated with CHD in several case-control studies'"'^. 
Another feature of the high serum triglyceride and small 
dense LDL phenotype is the presence of low HDL- 
cholesterol concentrations: the atherogenic lipoprotein 
phenotype^^. However, all three components of the phe¬ 
notype are metobolically related and it is uncertain if the 
small dense LDL is an independent risk factor. 

HDL-cholesterol as a risk factor for coronary 
heart disease 

The evidence for the association between low HDL- 
cholesterol concentrations and CHD is quite strong^\ 
much of which derives from epidemiological studies, 
many of which were prospective^^”*^"*. There is also evi¬ 
dence for this association in studies linking HDL- 
cholesterol levels to rate of progression of CHD and 
extent of CHD on angiography^'\ This association is 
seen in virtually all countries and in both males and fe¬ 
males. 

Low HDL cholesterol confers greater risk compared 
to high serum triglycerides. HDL metabolism has not 
been fully elucidated, but it is becoming increasingly 
clear that low HDL-cholesterol concentrations are vir¬ 
tually always associated with abnormalities of lipopro¬ 
tein metabolism that are atherogenic. The disturbances 
in lipoprotein metabolism that lead to the formation of 
small, dense LDL are also responsible for low HDL- 
cholesterol concentrations*^^. In addition, the low HDL- 
cholesterol levels are also associated with insulin resis¬ 
tance, hypertension, and diabetes mellitus, all of which 
increase the risk of CHD*^^. 

Cholesteryl ester transfer 

An important function of lipoproteins is to transport 
lipids through a predominantly aqueous mileu interior 
and the LDL-mediated pathway is responsible for the 
delivery of cholesterol to the tissues. There is also a 
mechanism for removal of excess cholesterol from the 
tissues which is termed the reverse cholesterol pathway. 
HDL plays a pivotal role in this physiological process, 
which starts with the flow of free cholesterol from the 
cell membrane to HDL where it is esterified by the ac¬ 
tion of the enzyme lecithin:cholesterol acyltransferase 
(LCAT). Some of the cholesteryl esters generated are 
thought to be taken up by the liver directly. However, a 
substantial proportion are transported from HDL to 
VLDL, IDL or LDL by a lipid transfer protein called 
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cholesteryl ester transfer protein (CETP). This move¬ 
ment of cholesteryl ester from HDL to other lipoproteins 
is termed cholesteryl ester transfer (GET). GET is accel¬ 
erated in patients with primary hypertrigly- 
ceridaemia^^ diabetes mellitus^^, and subjects with an¬ 
giographic evidence of coronary artery disease^^. An 
increased rate of GET leads to the enrichment of plasma 
lipoproteins with cholesteryl esters, the uptake of which 
by the liver and other tissues may not be detrimental, but 
their uptake by the arterial wall may well trigger athero¬ 
genic processes. In all the above conditions, the free 
cholesterol content of either LDL or VLDL is increased, 
indicating that the abnormal composition of these lipo¬ 
proteins, rather than an increase in the mass of CETP, is 
likely to be instrumental in causing accelerated GET. A 
factor common to all the above disorders where GET is 
increased is that they are all associated with an in¬ 
creased VLDL secretion rate. An additional effect of 
increased GET is that LDL is altered to become small 
and dense which also makes it more prone to oxida- 
tion^^ 

Apolipoprotein B 

Several studies have demonstrated that patients of Indo- 
origin have elevated serum apolipoprotein B concentra¬ 
tions^^, often in the face of serum cholesterol values that 
are lower or not dissimilar to that seen in the West. This 
pattern of lipoprotein abnormalities is very reminiscent 
of hyperapobetalipoproteinaemia, a genetic trait that is 
characterized by overproduction of VLDL from the 
liver^^. Such patients also have hypertriglyceridaemia, 
low HDL-cholesterol and an LDL particle that is small 
and dense. The latter kind of LDL is known to be more 
atherogenic, but in the one study of normolipidaemic 
Indo-origin people, this LDL phenotype was not pres- 
ent^"^. Nevertheless, stable isotope turnover studies in 
patients with type 2 diabetes mellitus, and in non¬ 
diabetic relatives of patients with diabetes mellitus, both 
suggest that insulin resistance and hyperinsulinaemia, 
can both influence VLDL apo B secretion and hepatic 
cholesterol synthesis^'*^’^^. Thus it is possible to tie in 
hypertriglyceridaemia, low HDL-cholesterol, elevated 
apolipoprotein B levels and increased hepatic VLDL 
production, along with insulin resistance. 

There has been much debate as to whether insulin has 
a direct effect on VLDL secretion or whether the action 
of insulin is mediated by an increase in substrate for 
VLDL synthesis'*'^. The argument essentially stems from 
differences in data from cell culture and animal model 
systems, but it is increasingly being recognized that non- 
esterified fatty acids (NEFA) have an important role to 
play. NEFA are produced mainly by hydrolysis of fat 
stored as adipose tissue, and a small contribution is 
made by hydrolysis of lipoprotein triglycerides. The 


plasma concentration of NEFA is also affected by pe¬ 
ripheral utilization by liver or muscle^^. Insulin affects 
NEFA production by suppressing the release of NEFA 
from adipose tissue. In the presence of insulin resistance 
NEFA levels are increased due to defective insulin ac¬ 
tion despite high serum insulin levels. This subnormal 
biological response is seen in several tissues other than 
adipose tissue. 

NEFA are a substrate for VLDL synthesis^^ which is 
increased when NEFA levels increase. Although this 
effect of high NEFA levels may seem detrimental in 
these times of plenty (relative to past hunter-gatherer 
lifestyles), it is an appropriate response to starvation as 
not only do NEFA form a substrate for VLDL, but they 
are also channelled into formation of ketone bodies 
which can then enter the Krebs cycle, thereby bypassing 
the need for glucose for energy. It is not easy to disen¬ 
tangle the issue of whether insulin resistance or elevated 
NEFA levels are the primary problem. The evidence that 
insulin-mediated glucose uptake is inhibited by elevated 
NEFA is strong and it seems that both feed into each 
other, forming a vicious cycle. Reaven and colleagues 
have recently reported a relationship between resistance 
of insulin-mediated glucose uptake, and hypertriglyceri¬ 
daemia and low HDL-cholesterol levels in people of 
Indo-origin^^ Lipoprotein lipase plays an important role 
in the hydrolysis of triglycerides. In recent years there 
has been a suggestion that partial lipoprotein lipase de¬ 
ficiency can lead to premature GHD^^. Such patients are 
characterized by mild to moderate hypertriglyceridae¬ 
mia, but it is uncertain if people of Indo-origin have a 
genetic defect that is associated with defective lipopro¬ 
tein lipase activity. 

Elevated lipoprotein (a) in people of Indo-origin 

There are several studies that indicate that Lp(a) is ele¬ 
vated in people of Indo-origin'*^’^®’^^ There is great de¬ 
bate on the origins and synthesis of Lp(a)®^ and this 
raises many questions on the mechanisms by which 
Lp(a) is associated with GHD. It is unclear whether 
Lp(a) contributes to atherogenesis or to thrombogenesis 
or to both. Even more intriguing is the recent suggestion 
that Lp(a) may be a marker for vascular or tissue in- 
jury^^ If this is the case, then it is all the more important 
that ethnicity is taken into account before Lp(a) is con¬ 
sidered a coronary risk factor. People of African origin 
also have elevated Lp(a)^\ but only develop GHD when 
other coronary risk factors are present. It is pure specu¬ 
lation, but is it possible that people of African and Indo- 
origin have high Lp(a) levels due to a remote molecular 
memory of frequent infections in their areas of origin? It 
is, of course, very likely that coronary risk related to 
Lp(a) in Indo-origin people comes into play in the pres¬ 
ence of the metabolic syndrome or hypercholesterolae- 


CUKRENT SCIENCE, VOL. 74, NO. 12, 25 JUNE 1998 


1091 










SPECIAL SECTION OI 


mia. The issues relating to CHD are further clouded by 
the lack of consensus on laboratory measurements 
of Lp(a)®'^. Any further research is perhaps best done 
in adequately calculated sample sizes which prevents 
selection bias by including isoform distribution, and 
by standardizing isoform measurement and antibody 
selection®^. It is particularly important to exclude the 
effects of acute inflammation, and that data are obtained 
for linking CHD and Lp(a) to specific ethnic popula¬ 
tions. 

Homocysteine and coronary risk 

Homocysteine is recognized as a risk factor for CHD 
and levels are of prognostic value in patients with es¬ 
tablished CHD^^. The relationship has mainly been seen 
in patients with symptomatic atherosclerotic disease and 
has raised the issue, as with Lp(a), whether it is a marker 
of endothelial damage, rather than being causative. The 
importance of plasma homocysteine in people of Indo- 
origin lies in the fact that if nutritional factors are impli¬ 
cated to a certain extent in the causation of CHD, then 
folic acid supplementation can be used to lower plasma 
homocysteine levels, and decrease coronary risk. At pre¬ 
sent, there are no data on homocysteine levels in people 
of Indo-origin. 

Chronic infections, inflammation and CHD 

There is indirect evidence to suggest that chronic infec¬ 
tions such as Helicobacter pylori^ cytomegalovirus, her¬ 
pes viruses, chronic dental or gingival sepsis and 
Chlamydia pneumoniae, may predispose to CHD^^ The 
epidemiological evidence for Chlamydia pneumoniae 
and vascular disease is strong, and the organism is able 
to infect human smooth muscle cells, endothelial cells, 
and macrophages^®, although it is unclear if C pneumo¬ 
niae causes CHD or is just present in cells. 

There is, of course, the possibility that chronic infec¬ 
tions set in motion a process of inflammation and the 
‘response to injury’ hypothesis argues that many of the 
changes that characterize the later stages of atheroscle¬ 
rosis, and plaque formation are inflammatory®^ There 
are few data on these aspects of atherosclerosis in peo¬ 
ple of Indo-origin. Is it possible that exposure to chronic 
inflammation in the remote past may confer a certain geno¬ 
type that makes this population more prone to respond ac¬ 
tively to inflammatory stimuli that provokes inflammation? 

The inflammatory process is closely linked to 
coagulation which plays a major role in the thrombotic 
event that is so frequent in people of Indo-origin. Ab¬ 
normalities of coagulation are also linked to hyper- 
triglyceridaemia and there are several reports of 
and factor VII C in people of Indo- 

origin 


Diet and lifestyle factors 

Most of the metabolic disturbances discussed in tl 
foregoing sections need the presence of other corona: 
risk factors to lead to CHD. Even if people of Ind: 
origin have a genetic propensity for the metabolic syi 
drome or acquire coronary risk factors as a result ( 
foetal malnutrition, one wonders about the risk facto: 
that have led to the recently documented increase i 
CHD prevalence, both in India and abroad. It is als 
difficult to conceive nearly a billion people having tl: 
same unique genotype or phenotype compared to oth( 
populations. Before all people of Indo-origin are li 
belled ‘prone to CHD’, there is a need to collect moi 
information than the woefully inadequate data frot 
India, and a relatively-biased view of studies on Indc 
origin people abroad. The answers come from studie 
examining the urban-rural differences in CHD prevt 
lence in India and in other developing countries, an 
from comparisons of populations that have migrate 
from their countries of birth with those that have re 
mained behind. A further source of information, particii 
larly for people of Indo-origin, would be from metaboli 
studies on children of migrants born in their adopte 
countries. 

There is an inherent difficulty in defining the change 
that happen with migration, be it from the countryside t: 
town, or from one country to another. From the dati 
already available, urbanization and cross-country mi 
gration seem to produce similar changes in lifestyle'*''®^ 
the latter perhaps having a greater impact than the for 
mer. Both cause an increase in body mass index, in 
creases in serum cholesterol, a lower HDL-cholesterol, « 
higher blood glucose, and increases in blood pressure 
These are the very risk factors that are thought to br 
responsible for increased CHD risk in white Europeans 
or Americans. The urban-rural comparison of people 
around New Delhi by Reddy and Shah''" indicates thal 
conventional risk factors are as important in people ol 
Indo-origin as in any other population. A recent smallei 
pair-wise matched case-control study from India also 
lends further weight^^. That the serum cholesterol in 
people of Indo-origin is not as high as that seen in white 
populations, may be due to a reflection of their dietary 
habits and body mass index. Nevertheless, the lack of 
threshold effect for serum and LDL-cholesteroI and 
CHD seen in major studies®® probably means that the 
prevalent serum cholesterol in a patient with CHD is 
much too high for that individual and that even small 
rises in serum cholesterol may become significant in 
people of Indo-origin. 

The vast number of people who migrate, do so for 
economic reasons. Once these economic migrants move 
to either a city or another country, there are inevitable 
changes in diet. An initial period of struggle in most 
cases leads to easy access or ability to afford foods that 
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are high in energy, and which would have been occa¬ 
sional treats in times past, or in a rural setting. It is well 
known that dietary fat can influence insulin secretion^^. 
Migration and urbanization are also inevitably associ¬ 
ated with the stress of adaptation to the new environ¬ 
ment and culture. Moreover, there is an additional 
source of stress with most migrants starting at a lower 
rung of jobs or businesses. Even in the West, low job 
control is closely associated with CHD^^, a finding that 
is bound to be amplified in migrant populations. Mi¬ 
grants consuming a high fat or high energy diet, are 
likely to replace fresh fruit and vegetables, which are 
more expensive in an urban setting, and until recently, 
were in relative short supply in the West. Thus a lack of 
antioxidants may also contribute to CHD in the long run. 
Many of these aspects of diet are obvious in Indo-origin 
people living in the West, but caution is needed with 
such studies in India. Ethnic variations in use of cooking 
oils, soluble fibre and other traditional foods also need 
to be taken into account, although the recent economic 
boom and disparity in standards of living are likely to 
make such studies even more difficult. Physical inactiv¬ 
ity may also be an important factor that contributes to 
insulin resistance. City life in India and adoption of 
Western .lifestyles abroad inevitably lead to reduced 
physical activity which is compounded by a lack of cul¬ 
ture of sport and physical activity in Indo-origin people. 
This is particularly evident in the difficulties in health 
promotion strategies in the United Kingdom in this group. 

The survey by the Anthropological Society of India 
and newspaper accounts indicate a surprising and sub¬ 
stantial alteration in the lifestyle of the majority of 
Indians^^, Prosperity in a large country like India is 
likely to be associated with many of the changes that 
lead to increased coronary risk. There will always be a 
movement of people from rural to urban areas, and it is 
very likely that at some stage risk factors for CHD will 
also increase in the semi-rural areas. This is certainly 
the experience in the West where there is a very small 
differential in lifestyles between the town and the coun¬ 
try. As Indians live longer with improved conditions and 
greater economic prosperity, the pattern of disease will 
change to that of diseases of civilization. Improvement 
in socio-economic conditions will reduce the burden of 
diseases of poverty, but unless strategies are in place to 
educate parents and the new generation on coronary risk 
factors, CHD will claim people at their most productive, 
as it does in the West. CHD rates are falling in the West 
possibly as a consequence of increased awareness of 
coronary risk factors. A study from Mauritius, where 
people are predominantly of Indo-origin, has shown that 
lifestyle interventions can have positive effects^^®. Such 
initiatives need to be planned in India, but it is impor¬ 
tant to simultaneously characterize the rural-urban life¬ 
style differences in the major cultural and geographical 
regions of India. If these are done alongside cross- 
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country studies, among people of Indo-origin living 
abroad, and second generation Indians abroad, it will 
markedly improve the quality of the data, and make a 
firm case for the types of interventions specifically 
needed for the people of Indo-origin. 
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CORONARY ARTERY DISEASE IN INDIANS - AN EMERGING EPIDEMIC 


Epilogue: Coronary artery disease in 
Indians - Methodological issues and challenges 
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Researchers from India and abroad have presented in 
this special section, a wide range of findings to substan¬ 
tiate that both overseas and native Indians have high 
rates of coronary artery disease. Coronary artery disease 
(CAD) in Indians is associated with a high morbidity 
and mortality, tends to be more severe, and affects a 
younger age group compared to the West. The role of 
putative coronary risk factors, in explaining these find¬ 
ings has also been elucidated. We examine the critical 
role of study design, study sample selection and defini¬ 
tion of select predictor variables in making some of the 
inferences presented in this section. 

Data related to the high prevalence of coronary artery 
disease and elevated coronary mortality and morbidity 
among Indians are non-controversial. The evidence for 
describing the relative contributions of potential risk 
factors to the risk of CAD among Indians is, however, 
considerably weak. 

A majority of currently available investigations of 
CAD among Indians are cross-sectional surveys or util¬ 
ize a case-control design. These two epidemiological 
study designs generate relatively weak evidence in relat¬ 
ing exposure (risk factors) to outcome (coronary artery 
disease) compared to cohort designs or clinical trials. In 
essence, such studies describe disease correlates rather 
than risk associations, and are affected by numerous 
biases (prevalence-incidence bias, survivor bias, selec¬ 
tion biaSj recall bias, to name just a few). There are no 
prospective longitudinal studies wherein a cohort of 
healthy Indians are followed-up over time and risk fac¬ 
tor status at baseline is related to the development of 
coronary artery disease. Such cohort studies constitute 
stronger evidence in relating risk factors to coronary 
artery disease. Additionally, such studies generate vital 
data on coronary artery disease incidence, which are 
currently lacking. Randomized controlled clinical trials 
can provide strong evidence to substantiate that clinical 
interventions, which lower coronary risk factors to de¬ 
sirable levels, are effective in altering disease outcome. 
Such trials are also lacking in the Indian context. Before 
accepting that conventional coronary risk factors do not 
explain high coronary artery disease rates among Indi¬ 
ans, it would be desirable to relate levels of risk factors 


to disease outcome prospectively to identify the levels 
associated with a disease-free state. 

The appropriateness of using cut-off points employed 
in the West to define risk factor thresholds (such as de¬ 
sirable level of serum cholesterol) among Indians is also 
debatable. Arguments that a level of LDL-cholesterol 
less than 100 mg/dl is ideal for Indians or that a lipid 
tetrad index predicts best the coronary risk among Indi¬ 
ans (as proposed by Enas A. Enas) are interesting but 
should necessarily be construed as hypothesis generat¬ 
ing; they must be supported by prospective data relating 
risk factor levels to health outcomes. 

The importance of selecting an appropriate study 
sample to investigate coronary disease among Indians 
cannot be over-emphasized. D. Bhatnagar observes that 
caution should be exercised in interpreting data based 
on overseas Asians. Given that immigrant Asians are a 
select upwardly mobile group, are heterogeneous in 
ethnic origin, and have lifestyles influenced by accul¬ 
turation, immigration, urbanization and economic 
changes, the observations in overseas Asians can be 
generalized to native Indians only to a limited extent. 
Likewise, we should be very cautious in extrapolating 
from data on Indian physicians in the United States. 
Enas underscores that even maximal lifestyle and dietary 
modification seems to be ineffective in lowering coro¬ 
nary risk in this subgroup and therefore advocates 
screening for Lp (a) and aggressive lipid-lowering 
strategies. The validity of these findings in the Indian 
context merits detailed study before we dismiss the po¬ 
tential role of treating conventional coronary risk fac¬ 
tors. Information on the population attributable risks 
associated with some of the newly-recognized risk fac¬ 
tors is required before recommending expensive popu¬ 
lation-based screening programmes. 

The computerized clinical and laboratory records 
from Vellore represent a gold mine of information from 
a single tertiary care center, meticulously compiled over 
three decades. Limited conclusions only can be drawn, 
however, based on the data presented in this issue by 
Krishnaswamy. The data principally demonstrate that 
the prevalence of risk factors among patients with 
documented CAD, presenting to a tertiary care referral 


CURRENT SCIENCE, VOL. 74, NO. 12, 25 JUNE 1998 


1095 




SPECIAL SECTION ON: 


hospital in south India, have not changed over time. 
What it suggests is that there may have been no major 
changes in the pathogenesis of the disease over time in 
south India. No conclusions can be made based on the 
data, with regard to secular trends in the prevalence of 
coronary risk factors in the community. While the 
prevalence of risk factors in the community may be in¬ 
creasing over time, the risk factor profile in subjects 
with coronary artery disease may not have changed. In 
fact, it is logical to infer that the two-to-three fold in¬ 
crease in prevalence of coronary disease in the com¬ 
munity from I960 to 1990 (reported by R. Gupta) is 
likely to be related to a concomitant increase in preva¬ 
lence of coronary risk factors in the community over the 
same period. The data from Vellore on the prevalence of 
CAD among subjects with coronary risk factors also 
need to be interpreted with great caution. The study is 
based on a highly select sample of subjects who pre¬ 
sented at a Cardiology Unit of a tertiary care center and 
underwent angiography for suspected coronary artery 
disease. The skewed sex ratio of this study sample fur¬ 
ther corroborates that the sample is quite unrepresenta¬ 
tive of the community. While useful from a research 
perspective, such data should not be used to make sugges¬ 
tions regarding preventative community-based strategies. 

The impact of predictor variable definitions on epi¬ 
demiological inferences also merits comment. The use 
of race and ethnicity as epidemiological variables is 
considered problematic given that these are social con¬ 
structs and represent an aggregate of cultural, linguistic, 
environmental and lifestyle-related influences, which are 
not easy to characterize individually. The comparison of 
urban and rural differences presented by Chadha as well 
as Guptas, while relevant and insightful, also poses sev¬ 
eral problems. The association of disease and risk fac¬ 
tors with urban or rural environments is confounded by 
the stage of epidemiologic transitions in these localities. 
Experiences from developed countries suggest that there 


is an initial clustering of coronary disease in the urban 
areas (v/here there is a preponderance of upper social 
classes). With the passage of time, this gradient may 
reverse with the burden of coronary disease shifting to 
the rural areas, which are often socio-economically 
backward. Disease trends and associations obtained 
from cross-sectional surveys reflect in part the stage of 
epidemiologic transitions in the study sample. Data 
provided by Chadha also suggest that the rural areas are 
likely to face a mounting impact of the coronary epi¬ 
demic in India, given the coronary prone profile (high 
prevalence of smoking and low levels of HDL- 
cholesterol). These urban-rural comparisons from Delhi 
and Rajasthan also demonstrate considerable regional 
heterogeneity in coronary risk factor prevalence. For 
example, the serum levels of HDL-cholesterol in men in 
rural Rajasthan average 44 mg/dl (which does not differ 
from that of urban men) while that of men from rural 
Delhi average 52 mg/dl (which is lower from that of 
urban men). 

The authors who have contributed to this section have 
emphasized the need for strategies to lower coronary 
risk among Indians. In our opinion, an initial focus on 
public health policies to lower conventional coronary 
risk factors (such as a tobacco policy, a healthy food 
policy, lifestyle-related recommendations, etc.) is ap¬ 
propriate. Concomitantly additional research is required 
using prospective study designs and a multi-regional 
community-based study sample to study the role of in¬ 
sulin resistance, Lp (a), homocysteine and other coro¬ 
nary risk factors. The importance of initiating 
community-based coronary disease surveillance to 
monitor trends in disease incidence and to study the im¬ 
pact of community-based public health interventions 
must be recognized by physicians, research scientists, 
health planners and health administrators. These steps 
are critical for halting the emerging epidemic of coro¬ 
nary artery disease in the Indian subcontinent. 
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solubilizing genes from Synechocystis 
PCC 6803 
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L. J. Parekh 
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Barocla, Vadodara 390 002, India 

"^Present address: Centre for Genetic Engineering, Microbiology and 
Cell Biology Department, Indian Institute of Science, Bangalore 
560 012, India 

Genes responsible for conferring mineral phosphate 
solubilizing (mps) ability were cloned from Synecho¬ 
cystis PCC 6803, a unicellular cyanobacterium, which 
by itself does not show mps ability, Escherichia coli was 
transformed with the genomic DNA library of the 
Synechocystis PCC 6803 and two mps genes were se¬ 
lected based on the ability of the transformants to 
show zone of clearance on solid medium containing 
dicalcium phosphate (DCP) as the sole source of 
phosphorus (P). The mps phenotype was found to be 
plasmid-associated as shown by transformation of E, 
coli strain with isolated plasmids. These transfor¬ 
mants also solubilized rock phosphate. 

Many soil microorganisms have the ability to solubilize 
mineral phosphates in pure culture conditions by the 
secretion of organic acids, viz. lactic, succinic, oxalic, 
citric, gluconic, etc. These phosphate-solubilizing mi¬ 
croorganisms (PSMs) are believed to play an important 
role in supplementing P to plants, thus allowing the 
sustainable use of phosphatic fertilizers^"^. Besides the 
conventional approach of screening natural isolates 
having mineral phosphate solubilizing (mps) phenotype, 
engineering of non-mps organisms to become mps has 
been achieved by the cloning and expression of mps 
genes from natural P-solubilizing isolates. The mineral 
phosphate solubilizing genes, so far, have been cloned 
only from gluconic acid secreting, P-solubilizing bacte¬ 
ria like Erwinia herbicola and Pseudomonas cepacia by 
construction of genomic DNA library of these bacteria 
and screening for the E. coli transformants for mps phe¬ 
notype. The flips genes from E. herbicola were found to 
encode for pyrroloquinoline quinone (PQQ) synthase"^ 
while the P. cepacia gene encodes either a PQQ trans¬ 
porter or a regulatory protein involved in PQQ biosyn¬ 
thesis***. E. coli cannot produce gluconic acid as it cannot 
synthesize PQQ, the cofactor for the apo-glucose dehy¬ 
drogenase enzyme that E, coli normally possess^. The 
cloned genes apparently allowed E, coli strains to pro¬ 
duce gluconic acid and thus solubilize P. 

In this paper, we have addressed the question whether 
mps phenotype can be conferred on an organism by the 


^For correspondence. 


cloning of mps genes and overexpression of mps genes 
from another non-mps organism, that is metabolically 
distinct from the host of organism. Our rationale is that 
overexpression of genes involved in biosynthesis/ 
regulation of organic acid production from a different 
organism may lead to metabolic deregulation resulting 
in enhanced acid production. To test this postulate, we 
selected the genomic DNA library of wild-type 
Synechocystis PCC 6803 (a photoautotrophic, unicellu¬ 
lar, and non-nitrogen fixing cyanobacterium) which does 
not possess P-solubilizing ability, for transforming E, 
coli, a heterotroph. Although nitrogen-fixing bacteria 
are known to solubilize tricalcium phosphate (TCP) and 
rock phosphate, they do not acidify the medium^’^. It is 
known that nonnitrogen-fixing cyanobacterium, Anacys- 
tis nidulans (Synechococcus 7942), does not solubilize 
tricalcium phosphate^. 

E. coli is known to solubilize DCP (ref. 9). In order to 
determine the maximum level of acid production and 
DCP solubilization by E. coli, a minimal medium con¬ 
taining 100 mM mannitol as carbon source and 10 mM 
NH4CI as nitrogen source was used. DCP was precipi¬ 
tated in sitLi^. The medium was buffered with different 
concentrations of Tris buffer pH 8.0 and the zone of 
clearance on DCP was measured. E. coli DH5a was able 
to solubilize DCP on media buffered with 30 mM Tris 
buffer pH 8.0 or with lower buffering capacity but not 
with 40 mM buffer (Table 1). 

E. coli DH5a was transformed with the genomic DNA 
library of Synechocystis PCC 6803 by the calcium chlo¬ 
ride method’®. The genomic DNA library was made in 
plasmid Bluescript SK with an average insert size of 
3 kb (ref. 11). A total of lO'’ transformants were 
screened for the mps phenotype bn solidified DCP con¬ 
taining medium with 100 mM mannitol, 10 mM NH 4 CI 
and 40 mM Tris buffer pH 8,0. Ampicillin was added at 
100 pg/ml. Two independent mps transformants were 
isolated based on their ability to show a zone of clear¬ 
ance (Table 2). The purified plasmid isolated from these 
mps transformants was able to transform E. coli DH5a, 
conferring the mps phenotype, thereby suggesting this 
property to be plasmid-borne. The subsequent experi¬ 
ments were done with the secondary E. coli transfor¬ 
mants. 


Table 1. Effect of buffering of media on DCP solubilization by 
E. coli strain DH5a 


Concentration of 0 

tris buffer pH 8.0 
(in mM) 

10 

20 

30 

40 

Zone of clearance 1.5 

(in cm) 

1.0 

0.7 

0.3 

UD 


UD, Undetectable. 

Medium contained 100 mM mannitol and 10 mM NH 4 CI as C and N 
sources, respectively. The zone size was determined after 72 h of 
growth and the values are mean of three independent experiments. 
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The plasmids from the transformants were isolated 
and restriction endonuclease digestion showed that both 
MPSl and MPS2 clones contained an insert of about 
3 kb in size (Figure 1). The MPSl and MPS2 clones 
contained genomic fragments which are distinct as seen 
from the fact that the MPS 1 insert had single sites for 
Hindi, Sail and Xhol, whereas the MPS 2 insert con¬ 
tained single sites for Xbal, Clal, Sad, EcoRY and 
//mdllL The transformants could also solubilize DCP 
with glucose as well as glycerol as the carbon source at 
buffer concentrations 50 and 20 mM, respectively. The 


Table 2. DCP solubilization by mps"^ transformants of E, coli strain 

DH5a 


Plasmid 


Zone of clearance (cm) 



12 h 

24 h 

48 h 

72 h 

Bluescript SK 

UD 

UD 

UD 

UD 

MPS 1 

UD 

0.2 

0.4 

0.5 

MPS 2 

UD 

0.3 

0.5 

0.5 

Media contained 40 mM tris 

buffer pH 

8 . 0 , 100 mM 

mannitol, 

10 mM NH 4 CI 

and 100 |ig/ml ampicillin. The values are 

mean of 

three independent experiments. 




mps 1 

Hindi uu 


^1 


mps 2 

■ > . 1 . ,-r— 


1 1 1 1 1 1 1 


1 

1 ^ ■ 1 1 

f', r'l 

rooRV 

-( 1 1 I — 1—r 

pindlll 

1 1 L 1 II 



jaa ips 


iMgure 1 . Restriction map', the genomic inserts of MPS I and 
MPS 2 clones. 



Figure 2. RP solubilization by E. coli containing mps plasmids 
1 and 2 . A, mps plasmid 1 ; B, mps plasmid 2 and C, Bluescript SK. 
Minimal media plates with 40 mM tris p480, 50 mm glucol, 0.1% 
(wt/vol) RP and 0.01% (wt/vol) methyl red. 


Table 3. RP solubilization by mps^^ transformants of E. coli strain 
_DH5a on different carbon sources 

Time 


12 h 24 h 48h 


Plasmid 

pH 

P (mM) 

pH 

P(mM) 

pH 

P (mM) 

Glucose 

Bluscript SK 

7.0 

0.1 

6.0 

0.15 

5.5 

0.25 

MPS 1 

6.0 

0.2 

5.0 

0.6 

4.8 

0.7 

MPS 2 

6.5 

0.1 

5.5 

0.5 

4.5 

0.8 

Mannitol 

Bluescript SK 

7.0 

0.1 

7.0 

0.1 

6.5 

0.2 

MPS 1 

6.5 

0.2 

5.0 

0.6 

5.0 

0.6 

MPS 2 

6.0 

0.25 

4.8 

0.7 

4.8 

0.65 

Glycerol 

Bluescript SK 

8.0 

UD 

7.5 

0.05 

7.5 

0.05 

MPS 1 

7.0 

0.1 

6.0 

0.25 

5.0 

0.65 

MPS 2 

6.5 

0.25 

5.0 

0.7 

4.8 

0.6 


The medium contained carbon sources (glucose, mannitol and glyc¬ 
erol) at 50 mM and 0.1% (wt/vol) RP. Concentration of tris buffer 
pH 8.0 was 40 mM with glucose and mannitol, and 10 mM with 
glycerol. 

Phosphate estimation was carried out by ascorbate method 


mps transformants were also tested for P release from 

Senegal’ rock phosphate (RP). For this, minimal me¬ 
dium containing RP 1% (wt/vol) as sole P and methyl 
red indicator dye was used at 0.01% (wt/vol). Both the 
transformants could grow and acidify in the buffered 
media plates, as seen from the red zone around the 
colonies (Figure 2). The recombinant transformants 
were also tested for their ability to release P from RP in 
liquid medium. It was seen that both the transformants 
released about 3-fold higher P on glucose and mannitol 
and about 10-fold higher in glycerol compared to the E. 
coli strains harbouring the vector alone (Table 3), indi¬ 
cating that the genomic insert was responsible for the P- 
solubilizing ability of the transformants. 

The above experiments show that mps genes are not 
limited to PSMs. Overexpression and/or expression of 
genes in a metabolically distinct organisms from a non- 
PSM has been shown here to confer mps ability to the 
host organism. This strategy could also be employed 
with cDNA libraries constructed under stronger promot¬ 
ers to screen for genes conferring mps phenotype to 
plant growth promoting rhizobacteria like Pseudomonas 
and Rhizobium, 
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Shoot bud regeneration from leaf 
explants of a medicinal plant: 
Enicostemma axillare 

C. Sudhersan 

Food Resources Division, Biotechnology Department, Kuwait 
Institute for Scientific Research, P.O. Box 24885, Safat 13109, 
Kuwait 

Adventitious shoot bud regeneration was achieved 
from leaf explants excised from a medicinal plant 
Enicostemma axillare (Lam.) Raynal cultured on 
Murashige and Skoog (MS) medium. MS medium 
supplemented with 8.9 pM N6-benzyladenine (BA) 
was found to be more efficient for adventitious shoot 
bud regeneration than MS medium containing a 
combination of 8.9 pM BA and 0.54 pM NAA. Ad¬ 
ventitious shoot buds were induced directly on the 
margin and mid vein of the leaf explant. The shoot 
buds multiplied in media containing 4.4 pM BA. 
Hormone-free MS medium was used for further 
growth and development. Roots were developed in 
media containing 0.054-0.54 pM NAA. Results sug¬ 
gest that Enicostemma axillare can be mass propa¬ 
gated within a short time for the production of 
microbe-free plants for the extraction of drugs. 

Traditional medicine based on herbal remedies has 
always played a key role in the health system of many 
countries. An estimated three quarters of prescription 
drugs are derived from plants^and were discovered 
because of their prior use in indigenous medicine and 
related purposes. Several thousands of medicinal plants 


are disappearing from the earth due to neglect and hu¬ 
man activities. 

Enicostemma axillare (Lam.) Raynal belonging to the 
family Gentianaceae is a species known for its medicinal 
properties. It is used as a bitter tonic, stomachic, laxa¬ 
tive, blood purifier and as a drug for curing dropsy and 
malaria^. It is also used in rheumatism, abdominal ul¬ 
cers, hernia, swellings, itches and insect poisoning"^. It 
contains ophelic acid. In vitro propagation of this useful 
medicinal plant species could provide a means of dis¬ 
ease-free healthy clones for the extraction of pure drugs. 
The results pertaining to in vitro shoot regeneration for 
mass propagation of this species is presented in this pa¬ 
per. 

Top shoot cuttings of Enicostemma axillare were 
collected from healthy disease-free plants growing in 
Nagamali Hills, Madurai, India, and washed in soap 
water prior to surface sterilization. The fully-expanded 
leaves were excised and surface-sterilized with 20% 
commercial chlorox solution containing 1.05% sodium 
hypochlorite and a drop of tween 20 for 15 min. After 
washing in sterile distilled water, the leaves were dipped 
in 0.1% mercuric chloride solution for 3 min followed 
by thorough rinsing in sterile distilled water three times. 
Finally the plant materials were dipped in 70% ethanol 
for one second and rinsed in sterile distilled water. Sur¬ 
face-sterilized leaves were cut into 5 mm pieces and 
used as explants. These explants were placed on the MS 
medium^ containing different concentrations of BA in 
25 X 150 mm culture tubes. The pH of the media was 
adjusted to 5.6 prior to autoclaving. All the cultures 
were incubated under 1000 lux light intensity provided 
by white fluorescent lamps for 16 h photo period at 
25 ± 1°C. For each treatment, 40 replicates were made 
and the experiment was repeated twice. The explants 
were subcultured once in 15 days. After 45 days the 
shoot buds were transferred to hormone-free media for 
shoot growth and elongation. The isolated plantlets were 
planted on MS media containing 0.054-0.54 pM NAA 
for rooting. Rooted plantlets were washed and planted 
on autoclaved soil mix containing sand, peat moss and 
humus (1:1:1) for acclimatization. 

Leaf explants enlarged after 2 weeks of incubation in 
media with 8.9 pM BA and 0.54 pM NAA, produced 
light green callus along the cut surfaces mainly along 
the midrib region and at the petiolar base. After 30 days 
in culture, several globular shoot bud initials were ob¬ 
served on the surface of the callus. This kind of globular 
shoot bud initials also developed directly on the midrib 
of the explants (Figure 1 a) in media containing 8.9 pM 
BA alone. After 20 days, the globular buds proliferated 
in the same media. These shoot buds developed into 
plantlets (Figure 1 b) when transferred to hormone-free 
media or media containing low concentration of BA 
(0.44 pM). Each one of the isolated shoot buds when 
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Figure 1 a. Enicostemma axillare (Lam.) Raynal leaf explant 
showing the shoot buds; b. Leaf explant with cluster of plantlets. 


subcultured on the same media with BA produced 18-20 
adventitious shoot buds. Roots were induced on the 
media containing 0.054-0.54 pM NAA after 30 days in 
culture. 

This study provides a protocol for the adventitious 
shoot bud regeneration from leaf explants of 
Enicostemma axillare for mass propagation. MS media 
supplemented with 8.9 pM BA induced shoot bud re¬ 
generation on several plants®'^ In the present study, leaf 
explants showed higher morphogenetic potential in MS 
media containing BA than media containing BA in 
combination with low concentration (0.54 pM) of NAA. 
Frequent isolation and subculture of the shoot buds en¬ 
hanced the multiplication rate of the shoot buds. The 
shoot buds maintained for a longer period in the media 
with BA showed vitrification^ This problem was solved 
by reducing the concentration of BA in the multiplica¬ 
tion stage and frequent subculturing (once in 15 days) in 
fresh media. Plantlets acclimatized inside the growth 
chamber for 20—.30 days showed 100% survival in the 


greenhouse. Thus, it is possible to develop an efficient 
in vitro propagation system of the medicinal plant 
Enicostemma axillare which can be successfully mass 
produced, thereby providing a source for the extraction 
of drugs, and also ensuring conservation of this species 
in nature. 
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Electron-probe micro analysis study 
of the Pipliya meteorite 


P. S. Ranawat*’^, O. Rouer** and 
M. S. Shekhawat* 

^Department of Geology, ML Sukhadia University, Udaipur 313 002 
India 

**CNRS-CRSCM, lA rue de Ferollerie, F-45071, Orleans Cedex 2 , 
France 

A meteorite fell in an uncultivated field near Pipliya- 
Kalan, Rajasthan, at about 8.30 p.m. on 20 June 
1996. The meteorite is an aggregate of welded 
angular fragments of basaltic rock of variable 
granularity. Its basaltic composition and genomictic 
welded brecciated structure implies eucritic associa¬ 
tion. We give here a concise geological information 

report (GIR) of the meteorite with its electron-probe 
data. ^ 


Shooting stars are commonly observed nearly every 
night. The sight of a noctilucent meteorite evokes awe 
and amazement amongst its viewers. To the scientists, 
especially meteoriticists, a meteorite provides an invalu¬ 
able, rather a unique, sample of material of the earliest 
stages of formation of the solar system^”^. One of the 

^For correspondence. 
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Table 1. Quantitative electron probe micro analysis of silicates in the Pipliya meteorite 


spot no. 
Minerals => 

Elements 

jj. 

001 

Albite 

DHZl 

Albite 

002 

Bytownite 

013 

Bytownite 

DHZ2 

Bytownite 

003 

Pyroxene 

012 

Pyroxene 

DHZ3 

Pyroxene 

Si02 

68.57 

68.30 

44.69 

46.09 

46.34 

48.18 

48.97 

48.21 

Ti02 

00.00 

00.00 

00.03 

00.04 

- 

00.08 

00.03 

00.17 

AI 2 O 3 

19.40 

19.64 

32.77 

34.54 

33.36 

00.15 

00.01 

01.37 

Cr 203 

00.00 

nd 

00.25 

00.00 

nd 

00.04 

00.12 


FeO 

00.01 

00.08 

00.23 

00.21 

- 

38.36 

38.55 

36.90 

Fe 203 

- 

- 

- 

- 

00.54 

- 

- 

01.46 

MnO 

00.02 

00.00 

00.09 

00.00 


01.07 

01.31 

00.68 

MgO 

00.01 

00.00 

00.03 

00.01 

00.38 

10.34 

10.10 

10.45 

CaO 

00.08 

00.03 

16.93 

17.46 

17.31 

00.89 

00.93 

00.43 

Na20 

11.87 

11.65 

01.50 

01.51 

01.55 

00.04 

00.00 

00.00 

K 2 O 

00.15 

00.08 

00.07 

00.12 

00.05 

00.00 

00.00 

00.00 

total 

100.11 

100.07 

96.59 

99.98 

99.53 

99.15 

99.11 

99.67 



Figure 1. a, SEM photomicrograph, under incident light, of a pol¬ 
ished section showing an irregular grain of native iron occurring in 
association with an aggregate of pyroxene and plagioclase. Also seen 
are smaller grains of ilmenite (IL) and chromite (Cr); b, Backscatter 
diagram for iron taken of the view at a on a (CAMBRIDGE) scan¬ 
ning electron microscope. 
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Table 2. Quantitative electron probe micro analysis of ilmenite in 
the Pipliya meteorite 


Spot. no. 

Mineral 

Elements 

u 

004 

Ilmenite 

005 

Ilmenite 

015 

Ilmenite 

DHZ4 

Ilmenite 

Si 02 

00.07 

01.06 

00.07 

- 

Ti 02 

53.11 

52.35 

53.70 

52.73 

AI 2 O 3 

00.04 

00.00 

00.05 

- 

CriOs 

00.00 

00.00 

00.07 

- 

FcO 

46.92 

46.64 

46.58 

- 

Fe 203 

- 

- 

- 

45.83 

MnO 

00.94 

00.95 

01.06 


MgO 

00.52 

00.52 

00.48 

01.25 

CaO 

00.07 

00.05 

00.03 


Na 20 

00.01 

00.00 

00.08 

- 

K 2 O 

00.02 

00.05 

00.02 

- 

Total 

101.70 

101.62 

102.24 

99.81 


main aims of this note is to acquaint the reader with 
meteorites, so that more cosmic samples that may have 
fallen in the past could be discovered. Looking at 
India’s vast geographical extent and favourable weather 
throughout the year, it is surprising that very few ‘finds’ 
of meteorites are reported. 

On the night of 20 June 1996 at about 8.30 p.m., a 
meteorite fell in an uncultivated field near the village 
Raipur (Marwar), District Pali, Rajasthan (74°0r30'’E, 
26'^02'30''N, Survey of India Toposheet No. 45J/16). 
The field belonged to Prabhulal Choudhari who saw an 
incandescent object shooting towards him - scared, he 
rushed into his house and soon heard a thud and a loud 
crackling sound. Within half an hour of its fall, 
Choudhari assisted by few other villagers located the 
meteorite in his field lying in a crater of about 60 cm 
diameter and nearly half a metre deep. The stone felt 
cold and therefore it was removed from the crater. The 
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Spot no. 
Mineral 

Elements 

ll 


Table 3> Quantitative electron probe micro analysis of sulphides in the Pipliya meteorite 


001 007 009 

Pyrite Pyrite Pyrite 


DHZ4 002 003 004 005 DHZ5 

Pyrite Troilite Troilite Troilite Troilite Pyrrhotite 


s 

53.22 

53.15 

Fe 

46.47 

46.08 

Cr 

00.00 

00.00 

Ti 

00.00 

00.00 

Ni 

00.00 

00.00 

Total 

99.69 

99.23 


(DHZ4. 5. ref. 12), 


52.60 

52.97 

36.16 

45.37 

47.10 

60.96 

00.00 

- 

00.00 

00.00 

- 

00.00 

00.30 

- 

00.00 

98.27 

100.07 

97.12 


36.44 

36.29 

36.20 

36.24 

60.69 

61,19 

60.85 

63.72 

00.00 

00.00 

00.00 

__ 

00.00 

00.00 

00.00 


00.00 

00.00 

00.00 

_ 

97.13 

97.48 

97.05 

99.96 


villagers started breaking it to satiate their curiosity. 
Soon the police from Raipur Thana arrived and 
took into custody the damaged 14 kg meteorite and a 
few kg of its fragments. These were finally handed over 
by the state government geologists to the Geological 
Survey of India, Western Region, Jaipur, Following the 
report of plural incandescent sighting on the night of 20 
June, one more similar meteorite was discovered in the 
area on 25 June 1996, four more are yet to be located"^. 
All of these meteorites are named as a single Pipliya 
meteorite^. 

This meteorite is a rare cosmic sample available for its 
geological study from the western Indian State of 
Rajasthan^"®, Its fragments are still available with the 
people of the area. We also obtained a sample from the 
people of the area who were generous enough to donate 
adequate samples, when they were persuaded to part 
with the cosmic souvenir for the benefit of science, 
specially for making people aware so that such ‘find’ of 
ancient meteorite could be made in Rajasthan in particu¬ 
lar and India in general. A geologist or an administrator 
would not have dared to take out even a chip from the 
meteorite, but the layman’s curiosity of the villagers has 
inadvertently yielded several samples, which otherwise 
would not have been possible for the people to obtain. 
These samples have given us a view of a very large sur¬ 
face area of the meteorite, which provides us better idea 
of its interior. The villagers of the area felt less guilty 
when they were shown the brecciated structure and ex¬ 
plained that nature too had fragmented the meteorite! 

The Pipliya meteorite is enveloped by a thin black fu¬ 
sion crust and has circular concave depressions on its 
surface; it has a rough microgranular surface. The thin 
fusion crust (=150 to 700 pm) and the concave depres¬ 
sions have been formed due to ablation and friction- 
induced melting of the surface of the stone during its 
journey through the earth’s atmosphere. Petrography of 
the fusion crust reveals that the dark brown glass con¬ 
tains very small vesicles and globules of less brown to 
clear glass. Under the black-fusion crust occurs light 
coloured, greenish-grey stone which exhibits agglom- 


eratic structure comprising welded angular fragments of 
granular microgabbroic to fine-grained basaltic rock 
(see Figure 8 of ref. 9), The meteorite fragments show 
high ablation and fall-induced porosity and permeability 
- they noticeably absorb water. 

Petrographic and electron-probe micro analysis 
(EPMA) study of thin and polished sections reveals that 
the meteorite is made up of welded fragments of gab- 
broic to basaltic rocks of variable granularity, but. hav¬ 
ing similar mineralogy. Grains of pyroxenes and laths of 
plagioclase make up most of the thin sections and dis¬ 
play granular to ophitic relationships. The minerals dis¬ 
play bent and displaced twin lamellae, undulose 
extinction due to dynamic metamorphism and shock ef¬ 
fect. The colourless to pinkish clinopyroxene (CPX) and 
orthopyroxene (OPX) show exsolution texture, while the 
coarser laths of calcic plagioclase rarely contain ori¬ 
ented short acicles of pyroxenes. A few grains of opaque 
minerals are also present. Study of the polished sections 
exhibits presence of light yellow to pinkish yellow 
grains of ‘cosmic pyrrhotite’ having high reflectivity and 
moderate anisotropism. It occurs as anhedral grains or 
as oriented inclusions in pyroxenes. Grains of pyrite, 
ilmenite, chromite, magnetite, and iron are also present 
(Figure 1 ). 

Microprobe analyses were carried out for several spots 
on the thin and polished sections to confirm the miner¬ 
alogy, especially of the suspected OPX and calcic and 
sodic plagioclases. The data were obtained on a 
CAMECA SX 50 Microprobe at the BRGM-CNRS 
Laboratory, Orleans, France. A focused electron beam 
of ca. 1 pm accelerated at 15 kV, and a 6 nA sample 
current with 10 seconds counting time were used. Syn¬ 
thetic end member standards were used for calibration 
and the routine analytical procedure was adopted. 
EPMA data are presented in Tables 1-3. The data show 
that the meteorite is made up of bytownite (Table 1, 
Spot no. 002 and 013) having the molecular formula of 
Nao.i 3 , Cao .86 Ali.g 4 ^ Si 2 .i 308 - Surprisingly, one grain of 
albite was also identified; Table 1, Spot no. 001, mo¬ 
lecular formula, Na 1 . 00 Al 0 . 99 Si 2 . 99 O 8 (cf. Table 1, Spot 


1102 


CURRENT SCIENCE, VOL, 74, NO. 12, 25 JUNE 1998 




RESEARCH COMMUNICATIONS 


no. DHZl, DHZ2 (ref. 10)). OPX is of iron-magnesium 
variety (Table I, Spot nos. 003 and 012) having molecu¬ 
lar formula of Fei.3iMgo.64SiK9806 (cf. Table 1, DHZ3; 
ferrohypersthene^^). Other minerals present are troilite 
(Fei,o 9 S|.i 3 ), pyrite (Feo. 83 S 1 . 66 )> ilmenite (Feo. 97 Tio. 99 O 3 ) 
(Tables 2 and 3, ref. 12), magnetite, and a few specs of 
native iron. 

The Pipliya meteorite is an achondritic (stony) mete¬ 
orite that is a product of extensive chemical differentia¬ 
tion within its parent body. Its basaltic composition and 
genomictic welded brecciated structure suggests eucritic 
association (refs 1, 13). The meteorite has a very trau¬ 
matic history because it was subjected to cosmic frag¬ 
mentation (welded breccia), atmosphere-entry and 
ablation-induced fragmentation (plural incandescent 
sightings) and fragmentation by human beings! But all 
these events have provided us with a rare cosmic sample 
for its geological study. 


1. Dodd,' R. T., Meteorites: A Petrologic-Chemical Synthesis^ 
Cambridge University Press, Cambridge, 1981, pp. 1-368. 

2. Buchanan, N., Discovering the Wonders of Our Universe, 
Reader’s Digest Association Ltd., London, 1993, pp, 1-456. 

3. Gallant, R. A., Our Universe, National Geographic Society, 
Washington D. C., 1994, pp. 1-283. 

4. Vaya, V. K., Mehta, D. S., Bapna, P. C., Sisodia, M. S. and 
Shrivastava, K. L., Curr. Sci., 1996, 71, 253-257. 

5. Mason, B., Meteorites, John Wiley, New York, 1962, pp. 1- 
274. 

6 . Dhoundial, D, P., in Acquisition of Modern Techniques for 
Development of Geoscience, IGC Publ., Roorkee, 1996, pp. 
XXIII-XXXV. 

7. Paliwal, B, S., Vaya, V. K. and Chauhan, D. S., Curr Sci., 
1997, 73, 499-502. 

8 . Chattopadhyay, R. S., Rajawat, R. S., Mathur, K. N., 
Gajanand, and Dwivedi, G. L., J. Geol. Soc. India, 1998, 51, 
171-174. 

9. Ranawat, P. S. and Dashora, R. S., J. Geol. Soc. India, 1984, 
25, 728-734. 

10. Deer, W. A., Howie, R. A. and Zussman, J., Rock Forming 
Minerals, Longmans, Green &. Co. Ltd., London, 1967, vol. 4, 
pp. 108-109. 

11. Deer, W. A., Howie, R. A. and Zussman, J., Rock Forming 
Minerals, Longmans, Green & Co. Ltd., London, 1974, vol. 2, 

pp. 21-22. 

12. Deer, W. A., Howie, R. A. and Zussman, J., Rock Forming 
Minerals, Longmans, Green & Co. Ltd., London, 1964, pp. 29, 
131, 149. 

13. Mason, B. and Melson, W. G., The Lunar Rocks, Smithsonian 
Institution, Washington D. C., 1987, pp. 1-179. 

ACKNOWLEDGEMENTS. We thank the villagers of Raipur for provid¬ 
ing us the samples. We also thank Dr Claire Ramboz of CRSCM-CNRS, 
Orleans, France, and Drs E. M. Omer, K. C. Gyani and P. Kataria of the 
University Department of Geology, Udaipur, for their help during prepa¬ 
ration of this paper. Prof. S. Sen and Prof. S. C. Sarkar of Jadavpur Uni¬ 
versity, Calcutta, and an anonymous reviewer are gratefully acknowledged 
for their valuable comments on the note. 


Received 21 July 1997; revised accepted 19 March 1998 


A piscean egg clutch from the Late 
Triassic of South Rewa Gondwana 
basin, M.P., India 

D. P. Das and P. M. Datta 

Palaeontology Division I, Geological Survey of India, 15 Kyd Street, 
Calcutta 700 016, India 

A microscopic egg clutch of probable piscean origin 
is reported for the first time from the Late Triassic 
Gondwana Supergroup, It was recovered from a red 
calcareous mudstone from the Tiki Formation of the 
South Rewa Gondwana basin, Madhya Pradesh, This 
find is unique because this provides the only example 
of fossilized micro-eggs which presumably had soft, 
parchment-like shells without hard calcareous layer, 
and also the earliest known fossil egg known so far. 

Fossil eggs of vertebrates have been reported from al¬ 
most all the continents except Antarctica. Geological 



Figure 1. a, Geological map of the area around Tiki; b. 
Stratigraphic section showing lithology of the Tiki Formation and 
sample location. 1, Thinly laminated silstone; 2, Limestone/ 
calcareous sandstone; 3, Sandstone; 4, Mudstone with occasional 
mottling; 5, Marl; 6, Calcareous nodules. 
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Figure 2. a. The egg clutch showing spheroidal eggs; b. Individual spheroid shows discontinuous wrinkles 
probably due to diagenetic contraction; c, Enlarged view of a broken egg showing outer shell and inner cloudy 
mass; d. Extant piscean egg clutch {Amblypharyngodon mola)\ e, Thin section of eggs of Amblypharynogodon 
mola\ outer membrane visible at places. (All SEM photographs) 


age of the known fossil ‘verterovata’ of various 
vertebrate taxa, viz. dinosaurian, avian, chelonian, 
crocodilian and geckoids ranges in age from Upper Tri- 
assic to Upper Pliocene and probably Pleistocene^’^. All 
the fossil eggs reported so far were rigid-shelled 
macroscopic eggs, and fossil record of soft-shelled 
micro-eggs was previously not known. The present 
specimen was recovered from a bulk sample collected 
from a locality about 2 km southwest of Tiki village 
(Figure 1 a). The lithostratigraphy of the Tiki Formation 
and the sample location is shown in Figure 1 b. On the 
basis of the faunal content^”^ and palynofloral assem¬ 
blage^, the Tiki Formation has been assigned a Carnian 
age. 

The specimen GSI Type No. 20694 is deposited in the 
Curatorial Division, GSI, Calcutta. It consists of a set of 
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micro-spheroid shaped eggs, ranging in size from 65 pm 
to 135 pm in diameter (Figure 2 a), On higher magnifi¬ 
cation, surface of each spheroid shows granulose struc¬ 
ture and few concentric but discontinuous wrinkles 
which might be due to diagenetic contraction (Figure 
2 b), A broken biomineralized spheroid shows an outer 
shell enclosing a cloudy mass apparently without any 
regular histomorphological arrangement. Fingerprint 
EDX analysis of the internal mass reveals Ca, P and O 
as the major elements (Figure 3) in order of decreasing 
abundance. The outer shell also shows Ca, P and O as 
the major elements followed by Fe, Si, Al, K and Mg in 
decreasing order of abundance (Figure 4). On the other 
hand, the matrix which holds the micro-spheroids shows 
preponderance of Si followed by Ca, Fe, O, K, Al and 
very little P and Mg (Figure 5). 
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Figure 3. Fingerprint composition (EDX analysis) of the internal 
mass of the fossil egg. 


Counts 



Figure 4* Fingerprint composition (EDX analysis) of the outer shell. 

Absence of comparative materials of piscean egg 
fossil and lack of literature on microstructure of recent 
fish eggs are limiting factors for comparative study of 
the Tiki specimen. The other factors which make the 
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Figure 5. Fingerprint composition (EDX analysis) of the matrix. 
The unmarked peak adjacent to the Si-peak represents the coating 
material (gold). 


identification of the present specimen difficult are lack 
of specific histomorphological structure and any embry¬ 
onic characters as may be found in amniotic eggs. How¬ 
ever, its mode of occurrence, natural association with 
numerous subholostean fish remains and remarkable 
resemblance with Recent fish eggs make a strong case in 
favour of the specimen being an egg clutch of piscean 
origin. For comparison, ovary of a Recent fish Am- 
blypharyngodon mola was extracted and treated with 
lukewarm weak alkaline solution. An alkaline solution 
was used in the experiment because the palaeosols of the 
Tiki Formation, containing calcareous globules and gyp¬ 
sum crystals indicated an oxidizing alkaline ambience. 
The treated specimen was studied under SEM (Figure 
2 d). The Recent fish eggs like the fossilized one do not 
show any specific histomorphological structure but the 
remarkable similarity in external morphology and shape 
between the fossil and the Recent one is notable al¬ 
though the fossilized eggs are somewhat smaller. The 
size factor, however, is not so important because inter 
and intra-specific variations in respect of size and shape 
of eggs are known to be common^ in all vertebrates. 

Since in oviparous fishes, fertilization takes place ex¬ 
ternally and the present specimen lacks embryonic char¬ 
acter, it is argued that it represents an unfertilized 
matured ovary which, in all probability, got fossilized 
along with the animal. Subsequently, the carapace might 
have been disarticulated during bulk processing of 
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samples by wet washing. The SEM-EDX study indicates 
that the original organic matter has been replaced by 
calcium phosphate during post-mortem alternation. As 
the host sediments do not contain any phosphate, it is 
most likely that the fish bones were the source of Ca and 
P. Introduction of Fe, Si, Al, K and Mg might have 
taken place at the late diagenetic stage. 
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Errata 

Bioleaching of copper from 
ferromanganese sea nodule of Indian 
Ocean 

Seema Khan, Rani Gupta and 
Rajendra Kumar Saxena 

[Curr. Set., 1997. 73. 602-605] 

1. Page 605, line 6: Read ‘citric acid’ instead of ‘oxalic 
acid’. Corrected form: Ninety-one per cent leaching 
could be achieved with 2% (w/v) citric acid. 

2. Page 605. The three types of bars in Figure 2 signify 
varying incubation periods, i.e. 24 h, 48 h and 72 h. 


An improved method for the isolation 
of supercoiled plasmid DNA 

G. Jegadeesh Babu and C. Rajamanickam 

[Curr. Sci., 1998, 74, 572-573] 

We regret that Figure 1 has been printed upside down. 
We reproduce the figure as it should correctly appear. 



Figure 1. Mini-preparations of pUC 18 plasmid DNA. Plasmids 
isolated from 1.5 ml culture following different methods were sus¬ 
pended in 30 pi TE and 5 pi from each isolate was analysed on 0.7% 
agarose gel. The lane marked M contains HMlll cleaved A DNA as 
molecular weight markers. Lane 1, Alkaline lysis method; Lane 2, 
Boiling method; Lane 3, Method described in this paper. 
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The End of a Trail - The Cheetah in 
India. Divyabhanusinh. Banyan Books, 
59, Regal Building, Parliament Street, 
New Delhi 110 001, India. 1995. Hard 
cover 248 pp. Price not known. 


The year 1997 commemorated fifty 
years of independence for India. Few 
remembered, however, that the year also 
marked five decades since a tragic event 
befell the new nation. Soon after inde¬ 
pendence, the magnificent cheetah Aci- 
nonyx jubatus, one of the swiftest 
animals to roam the Indian wilds, be¬ 
came extinct. 

There is a poignant description of 
what was perhaps the final blow, cer¬ 
tainly the last authenticated record of 
cheetahs in India, in this book. One 
night in 1947, in a vehicle driving 
through the countryside of Korea in 
Surguja District of Madhya Pradesh, 
Maharaja Ramanuj Pratap Singh Deo 
chanced upon three cheetahs. They were 
males, probably siblings of the same 
litter. The Maharaja shot them. The 
skins were then sent to the famous taxi¬ 
dermists, Messrs Van Ingen and Van 
In gen in Mysore, with a request that the 
record be published in the Journal of 
the Bombay Natural History Society. It 
was published with a scathing comment 
from the editors that the cheetah was ‘a 
rare and harmless animal (and these 
were) probably the last remnants of a 
dying race*. 

The tragedy of the cheetah in India 
illustrates the problems of conserving 
large mammalian carnivores in modern 
landscapes. A species of vast open 
plains, grasslands and scrublands, the 
cheetah was a hunter of prodigious 
speed and grace, attacking prey animals 
such as the fleet-footed blackbuck and 
chinkara antelope through patient 
stalking followed by lightning chases. 
The openness of the habitat with little 
stalking cover, the need for year-round 
availability of prey, and competition 
with other carnivores, necessitated large 
home ranges over which they moved 
and lived. Over the centuries, as humans 
became increasingly dominating influ¬ 
ences on the landscape, hunting and 
capturing cheetahs and their prey, culti¬ 
vating and altering natural habitats, the 
wild populations of cheetah began to 
decline. As habitats shrank and popula¬ 
tions declined, intrinsic traits of the 


cheetah such as low breeding potential 
and genetic diversity, inability to find 
mates or denning sites to rear their 
young, may have taken a further toll. 

What causes the decline and extinc¬ 
tion of species? Is there any single 
dominating factor or many factors act¬ 
ing in tandem? A central challenge in 
modern conservation biology is to 
identify and understand factors causing 
species declines and extinction, which 
are increasingly common in today’s 
world. In the absence of reliable knowl¬ 
edge, prudent management and conser¬ 
vation will be ineffective. The present 
precarious conservation status of other 
carnivores such as the wolf, snow leop¬ 
ard, tiger, and the Asiatic lion illustrates 
that there is much more to learn and do 
to secure the future of wild species in 
India. 

This lavishly illustrated and well- 
researched book traces the saga of the 
cheetah in India from prehistoric and 
classical times through periods of 
Mughal and British rule, culminating in 
the pathetic finality of extinction in 
independent India. It is a unique attempt 
to trace the fate of a species in relation 
to ecological history and various factors 
over a long time span. The book draws 
substance from diverse sources span¬ 
ning several centuries. These include 
cave shelter and Mughal paintings, 
classical Greek, Roman, and Sanskrit 
texts, photographs published or in pri¬ 
vate collections, trophies, accounts of 
coursing with cheetahs by Mughal em¬ 
perors and princes, shikar tales from the 
British Raj, naturalistic writings, sci¬ 
entific papers, and distributional rec¬ 
ords. According to the author, if the 
account of the ‘cheetah’s passage 
through the ages... arouses some interest 
in the cheetah’s protection (in other 
parts of the world) where it still exists, 
if it creates some interest for its reintro¬ 
duction in India, it would have served 
its purpose*. 

The first chapter describes the natural 
history and appearance of the cheetah, 
in comparison with its close cousin, the 
leopard Panthera pardits, with which it 
is often confused. While the short intro¬ 
duction (just over one page) may suffice 
for an informed reader, more detailed 
information on the cheetah in summa¬ 
rized form would have been valuable. 
Brief mention of its global distribution, 
taxonomic status, ecology, and behav¬ 


iour, (including African studies), as 
contrasted with other fields of savannah 
and forest habitats would have laid a 
sounder framework for the chapters that 
follow. That the cheetah is threatened in 
other parts of the world with the same 
fate it met within India adds wider con¬ 
text and significance to the ensuing 
chapters. 

The second chapter deals with records 
from prehistoric cave paintings and 
classical Greek and Roman writings. 
The earliest irrefutable reference to the 
cheetah in classical literature, according 
to the author, appears in the 3rd century 
AD text on hunting, the Cynegetica by 
Oppianus Apanensis. Unfortunately, 
there is little good material from the 
early sources, made worse by leopards 
and cheetahs being often confused or 
given the same name in Greek and Ro¬ 
man texts. The author is thus led to say, 
‘while there is no clear evidence of 
cheetahs being recorded in India (in 
these sources) they were probably re¬ 
ferring to them in some of the instances 
already cited*. Some of the material in 
this chapter and the next (dealing with 
pre-Mughal Hindu and Muslim records) 
could have been condensed or omitted 
altogether in view of the paucity of 
relevant information. 

A fascinating portrayal of cheetahs 
during the rule of the Mughal emperors 
is the content of Chapter 4. Particularly 
interesting are the author’s meticulous 
descriptions and analysis of the use of 
trained cheetahs to run down blackbuck 
antelope and other game - a hunting 
sport of the royalty called coursing. 
Coursing was practised in Hindu courts 
as early as the 12th century and in Mus¬ 
lim courts of north India prior to the 
arrival of the Mughals. With the arrival 
of the Mughals, there is a greater 
amount of detailed information in the 
form of paintings and writings, which 
the author skilfully interweaves into the 
tale. Interestingly, another smaller spe¬ 
cies of wild cat, the caracal Felis cara¬ 
cal, was also used for coursing. In an 
Appendix to the book the author de¬ 
scribes hunting with caracal, a species 
that is also rare and endangered today. 

Although there is no mention of the 
cheetah in Babur and Humayun’s auto¬ 
biographies, the author’s diligent re¬ 
search helped uncover a painting 
showing Humayun and Shah Tahmasp 
hunting in Persia, with a cheetah clearly 
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illustrated.. This chapter is peppered 
with amazing nuggets of information. 
For example, it describes the meticulous 
record kept by Jehangir of his hunting 
28,352 animals over a 38-year period, 
the first record of cheetahs breeding in 
captivity in 1613, the game hunts in the 
Palam area of Delhi in 1619 where the 
airport stands today, the areas ear¬ 
marked within the empire for cheetah 
procurement, and so on. The Mughal 
paintings reproduced as colour plates 
offer the reader a glimpse of the era and 
the spectacular sport of coursing. 

The purpose of any historical sketch 
should be not so much to accurately 
describe as to incisively examine cause 
and consequence, to tease apart cultural 
and political, psychological and eco¬ 
logical processes that created the his¬ 
torical events. The present book offers 
excellent descriptions and analyses of 
historical events pertaining to the chee¬ 
tah, and opens up new arenas for more 
incisive analyses of the factors leading 
to its decline and eventual extinction. 
What was the intensity of procurement 
of cheetahs from the demarcated areas 
of the empire and how did it affect their 
populations? Akbar, according to the 
Iqbalnama, is reputed to have procured 
over 9000 cheetahs. Jehangir recounts 
that Akbar had 1000 cheetahs in his 
menagerie. How credible could these 
claims possibly be and what happened 
to the animals in the royal menagerie 
with the fall of the Mughal empire? Was 
the low breeding potential of cheetahs a 
significant factor in their decline or was 
it dominated by other forces? How were 
the historical changes in human popula¬ 
tions, cultures, kingdoms, agricultural 
practices, and hunting linked to the 
creation or destruction of open habitats 
and prey base of cheetahs? 

With the rise of British dominion, the 
peculiar cultural association between 
humans and cheetahs waned, as did the 
wild populations of cheetahs. In Chapter 
5, the author makes a not entirely con¬ 
vincing case that the cheetah was not a 
major item on the shikar agenda of the 
British, who also did not take to the 
sport of coursing as it was too ‘passive’ 
for them. Recent analysis of archival 
records (in a forthcoming paper by Ma- 
hesh Rangarajan) of bounties paid for 
killing cheetahs indicates that the role 
of the British in the extermination of 
cheetahs may not have been entirely 


‘inadvertent’. Another conclusion de¬ 
rived by the author from records of the 
British period is, however, particularly 
insightful. With shrinking habitats, 
hunting, and an increasing scarcity of 
wild prey, the cheetahs were forced into 
sub-optimal habitats (even dense Jungle) 
and began to prey on village livestock. 
This feature, common even today for 
many endangered species, highlights a 
point that conservationists cannot afford 
to forget. Existing refuges for endan¬ 
gered species may not always contain 
the best habitats for them. Instead, they 
may only represent areas most sheltered 
from the inimical forces causing their 
endangerment. 

After an inevitably brief chapter on 
the cheetah in independent India, there 
is a fascinating chapter on the trapping, 
training, handling, and coursing of 
cheetahs that will be of particular inter¬ 
est to technicians in modern zoos and 
historians. The two succeeding chapters 
are about African cheetahs brought into 
Asia and the taxonomic status of Afri¬ 
can and Asian cheetahs. The author 
points out that the minor sub-specific 
differentiation of African and Asian 
cheetahs (chiefly in the tail tip being 
black in the Asian race vs white in the 
African) is more a result of ‘historical 
observation rather than of any taxo¬ 
nomic study’. Chapter 10 presents a 
depressing and eye-opening review of 
the status of the cheetah in Asia, where 
the species has virtually disappeared 
from all countries except Iran, where 
some 50 to 200 individuals may survive. 
Highlighting that the need to protect it 
there is paramount, the author says ‘how 
many will be available for reintroduc¬ 
tion in India is another matter’. 

The last chapter, which is perhaps the 
most important one from the standpoint 
of the stated purpose of the book, is one 
of the shortest (four pages). The analy¬ 
sis of the causes of decline and extinc¬ 
tion of cheetahs, some of which is in 
earlier chapters and some in Appendix F 
(Chronology of Extinction) could have 
been comprehensively compiled and 
addressed here. A direct comparison 
with the other large carnivores, the lion 
and wolf, which are highly endangered 
today, would have been valuable in 
evaluating the relative importance of 
different causative factors in triggering 
the extinction of cheetahs. Of particular 
interest to conservationists would be the 


plan to reintroduce cheetahs in India, 
formulated by M. K. Ranjitsinh, and 
described by the author. The given out¬ 
line of the plan is clearly sketchy and 
preliminary but deserves serious consid¬ 
eration and further study. As a prereq¬ 
uisite, however, it is necessary to 
objectively assess the feasibility and 
desirability of reintroduction. One must 
learn from earlier successes as well as 
avoid past mistakes (such as lack of 
scientific monitoring and planning, and 
working with inadequate knowledge of 
the species’ ecological requirements) 
which led to failures of projects such as 
the lion reintroduction in Chandra- 
prabhain 1957. 

With worldwide concern today over 
preventing extinctions and conserving 
natural ecosystems, the content of the 
book is timely and relevant. Its multi¬ 
disciplinary nature makes it a useful 
reference for historians, wildlife enthu¬ 
siasts, ecologists, conservationists, 
managers, and policy makers. There are 
only a l^w minor typographical and 
stylistic errors, including misspelling of 
scientific names of some species (for 
instance, the blackbuck Antilope cervi- 
capra). The elegant format of the book, 
with the large number of plates and 
illustrations, make the book as attractive 
as it is informative. Anyone who buys 
this book is unlikely to regret it. 

T. R. Shankar Raman 

Centre for Ecological Research and 
Conservation, 

3076/5, IV Cross, Gokulam Park, 

Mysore 570 002, India. 


Venom Phospholipase A 2 Enzymes r 
Structure, Function and Mechanism. 
R. Manjunatha Kini, ed. John Wiley and 
Sons. 1997. 511 pp. Price: US$70. 


Phospholipases are classified according 
to the position of the bond which they 
hydrolyse in a phospholipid molecule. 
Thus, we have phospholipases Aj which 
are widely distributed in nature and 
hydrolyse sn-1 position in the phospho¬ 
lipid. Phospholipases A 2 are ubiquitous 
in nature; attack ‘phospholipids at the 
sn-2 position of the glycerol backbone, 
releasing lysophospholipids and fatty 
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acids. They hydrolyse various naturally- 
occurring phospholipids such as 
phosphatidylcholine, phosphatidyl etha- 
nolamine, phosphatidylserine, phosphat- 
idyiinositol, phosphatidylglycerol, 
plasmalogen, plasmenylcholine, platelet 
aggregation factor and 1 -alkylether- 
phosphatidylcholine’ (pg. 1). Phospho¬ 
lipase C, generally associated with 
secretions of certain pathological bac¬ 
teria, also occurs in plant tissues and 
hydrolyses the phosphodiester bond 
liberating the phosphorylated base. 
Phospholipase D is most well studied in 
plants although its presence in other 
sources such as mammalian tissues is 
also known. It also attacks the phos¬ 
phodiester bond and liberates the base. 
In addition, there are minor enzymes 
which also hydrolyse phospholipids. For 
example, phospholipase B (which hy¬ 
drolyses bonds at both sn -1 and sn -2 
positions). It should also be added that 
not all phospholipid hydrolysis is cata¬ 
lysed by phospholipases. Some triacyl- 
glycerol lipases have been reported and 
acyl hydrolases, particularly in plant 
leaves are known to be active towards 
phosphoglycerides. 

The present multi-authored book is a 
collection of 18 chapters devoted to 
various aspects of phospholipase A 2 . 
Further, as made clear in the title, while 
the enzyme is ubiquitous, the focus in 
this book is exclusively on the enzymes 
from snake venom. The subtitle reads 
as: Structure, function and mechanism 
which may lead one to expect greater 
emphasis on the biochemical and bio- 
organic chemistry of the enzyme, this is 
not so, In fact, larger portion of the 
book is devoted to pharmacological 
aspects. This is not unreasonable when 
one is talking about enzyme from snake 
venom. The phospholipases, in general 
(unlike general esterases), function on 
interfaces. These enzymes have low 
activity against monomeric soluble 
phospholipids but show a sudden in¬ 
crease in activity as the substrate phos¬ 
pholipid concentration reaches the 
critical micelle concentration. Hence, 
the interfacial catalysis may involve 
‘hopping mode’ or the ‘scooting mode’ 
depending upon whether the enzyme 
does not or does remain bound to the 
interface at the end of each catalytic 
turnover cycle. 

Phospholipase A 2 enzymes can be 
both intracellular or extracellular/ 


secretory. The latter class includes 
snake venom enzymes and has relatively 
low molecular weight in the range of 
13,000-15,000. They ail require Ca"-^ 
for their catalytic activity. The primary 
sequence of more than 150 enzymes 
belonging to this class is known and 
based upon this, the four different 
groups of enzymes have been defined. 
These cysteine-rich proteins contain 
between 119 and 134 amino acid resi¬ 
dues, showing large proportion of in¬ 
variant residues which are either 
involved in catalysis or are important 
for native structure. The histidine resi¬ 
due at position 48 is conserved in these 
enzymes and is an active site residue. 
Quite a few enzymes, e.g. from human 
synovial fluid and venom glands of 
Naja naja and Apis mellifera have been 
cloned and overexpressed. 

‘Catalysis can be conceptually di¬ 
vided into four phases, binding of Ca^"^ 
cofactor and substrate, general base 
mediated attack on the productively 
bound substrate, formation and collapse 
of the tetrahedral intermediate and 
product release’ (p. 112 ). Ca^'*' plays 
multiple roles in these secretory phos¬ 
pholipases. It directs the stereospecific 
positioning of substrate in the active 
site of the enzyme, serves as an electro¬ 
phile and polarizes the sessile ester 
bond, stabilizes the transition state and 
‘also strengthens the electrostatics 
underlying interfacial absorption’ (p. 
114), A second coordinated Ca'^'*' has 
also been observed in several high 
resolution crystal structures and is be¬ 
lieved to function as an additional elec¬ 
trophile. 

The first chapter authored by the 
editor himself provides a good overview 
of the book or (for that matter) of the 
various aspects of phospholipase A 2 . 
Not much is mentioned about purifica¬ 
tion strategies here or in later chapters. 
Snake venom phospholipase A 2 often 
contains a large number of isozymes. 
An interesting observation in the second 
chapter (dealing with cloning and 
analysis of cDNAs and genes encoding 
venom phospholipase A 2 ) is: ‘It is now 
clear that the functional diversity of 
toxins is associated with a structural 
economy. In other words, a small num¬ 
ber of structural scaffolds have been 
selected by venomous animals to exert 
numerous different functions.’ Thus, 
one can talk of phospholipase A 2 


(PLA 2 ) fold associated with the expres¬ 
sion of toxicity of snake venoms. 
The third chapter continues with the 
characterization of genomic clones 
and looking at the structural organiza¬ 
tion of the genes. There is quite a lot 
of overlap with the earlier chapter 
and some avoidable repetition. The 
fourth chapter looks at secondary, terti¬ 
ary and quaternary structures of these 
enzymes and briefly talks about the 
catalytic mechanism. The importance of 
various residues for the interfacial ad¬ 
sorption, as obtained from chemical 
modification and mutational studies is 
also discussed. 

Rosenberg has written two extremely 
readable and interesting chapters 
(Chapters 5 and 6 ) on the correlation 
between enzymatic activity, lethal doses 
and pharmacological properties of snake 
venom phospholipase A 2 , ‘The enzymes 
in snake venom, with the exception of 
PLA 2 , are generally of low toxicity and 
have not been implicated as the major 
lethal factors of snake venoms. In con¬ 
trast, PLA 2 enzymes vary dramatically 
in their lethal and pharmacological po¬ 
tencies, from those with low lethality 
and no specificity of action to those 
which are so toxic and so specific in 
their actions that we no longer call them 
PLA 2 enzymes, but call them PLA 2 
toxins or neurotoxins.’ Thus, we have 
Naja naja atra PLA 2 with 
LD 50 > 1 mg/kg with high enzymatic 
activity and no organ specific action and 
) 5 -bungarotoxin with low enzymatic 
activity but presynaptically acting toxin 
as examples from two ends of the spec¬ 
trum. Apart from raising ethical con¬ 
cerns about use of animals in 
determination of LDso values and a very 
good discussion on valid methods for 
determining these values, the author has 
also provided a very balanced overview 
of possible mechanisms of PLA 2 - 
induced lethality and possible correla¬ 
tion between LDso values and enzymatic 
activities of PLA 2 enzymes and toxins. 
He also points out that the question - Is 
enzymatic activity essential for lethal 
potency? - is a difficult one to answer, 
A rather extensive set of experimental 
data is provided to justify the conclu¬ 
sion that the relationship between en¬ 
zymatic and pharmacological activities 
cannot be generalized. 

Another chapter (Chapter 8 ) which 
may be of more general interest is on 
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compounds of plant origin which may 
be used as remedies of snake bites. The 
studies described here on interaction of 
alkaloids like aristolochic acid with 
phospholipase A 2 from Vipera russelli 
and Trimeresurus flavoviridis venoms at 
molecular level are obviously a prelude 
to providing rational basis for use of 
some folk medicines. More important, 
the scientific framework for this ap¬ 
proach needs to be developed so that 
these plant isolates become a powerful 
alternative to antivenin therapy. The 
chapter by Stiles and Choumet (Chapter 
9) reviews the antivenin therapy based 
upon monoclonal antibodies raised 
against phospholipase A 2 and the toxins. 
The next two chapters talk about the 
structural data and structure-function 
relationship work with monomeric and 
multimeric neurotoxins. In the latter, at 
least one of the subunits has phospholi¬ 
pase A 2 activity. Some snake venoms 
result in local myotoxicity (dege¬ 
neration of muscle around the site of 
injection) whereas others act as general 
myotoxins (affecting widespread muscle 
groups). The last chapter in the book 
later on suggests that acylation of spe¬ 
cific membrane-bound proteins could be 
a likely mechanism of myotoxicity. The 
two successive chapters (Chapters 12 
and 13) provide the general picture 
about myotoxicity of phospholipase A 2 
enzymes and that resulting from 
Bothrops snake venoms in particular 
respectively. The anticoagulant effect of 
these enzymes and their effect on plate¬ 
let aggregation is adequately treated in 
Chapters 14 and 15. Identification of 
membrane receptors for the enzymes 
and the cellular effects of presynapti- 
cally acting phospholipases are covered 
in Chapters 16 and 17. 

Thus, there is greater emphasis in the 
book on phospholipases which act as 
toxins rather than the less toxic en¬ 
zymes. An extensive coverage of phos¬ 
pholipase A 2 makes this a rather 
valuable book for anybody working 
with this particular class of enzymes. 
Obviously, because of its rather narrow 
focus, this may not interest a general 
biochemist. 

M. N. Gupta 

Department of Chemistry, 

Indian Institute of Technology, 

New Delhi 110 006, India 


The Legacy of Galileo 


Galileo, Newton, Halley and Einstein 
in 90 Minutes. John and Mary Gribbin, 
Universities Press, 3-5-819, Hyderguda, 
Hyderabad 500 029. Price: Rs 45 each. 


Some individuals, through their ex¬ 
traordinary contributions, etch their 
names on the canvas of time and be¬ 
come immortal. Galileo, Newton and 
Einstein are in this select club. Hence, it 
is always tempting to read and write 
about them. John and Mary Gribbin 
. could not resist the itch to write about 
these great men. Instead of summarizing 
the contents of these little biographies, I 
will dwell upon some of the pieces that 
are not generally emphasized in popular 
biographies of these men. 

Galileo was the first to stress the im¬ 
portance of experimentation as exem¬ 
plified by his own experiments. In this 
context we refer to an interesting anec¬ 
dote described by Gribbins. A Professor 
at Pisa, dropped two bodies of different 
weights from the Leaning Tower of Pisa 
and ‘gleefully pointed out that they 
failed to hit the ground exactly at the 
same time’ as claimed by Galileo. Gali¬ 
leo while responding to his critics cor¬ 
rectly attributed this to an error in the 
experiment. He was the first to point out 
the possibilities of errors in an experi¬ 
ment and their proper evaluation. 

The book has a vivid description of 
the society of those times. Galileo’s 
father had promised a substantial dowry 
to Galileo’s sister. Galileo had not only 
to meet this financial obligation but also 
had to give dowry to his second sister. 
He could not meet these commitments 
in his entire life and to add insult to 
injury, his brothers-in-law sued him in a 
court for not settling their dowries. This 
left such a scar on him that he forced his 
two daughters, whom he loved very 
dearly, to be nuns for life. 

The authors bring out the interesting 
fact that Leonard Digges had built a 
refracting telescope way back in 1550. 
But Galileo went beyond constructing a 
telescope. He established on a sound 
footing the Helio-centric theory. Grib¬ 
bins point out that Galileo attributed the 
eternal circular motions of planets 
round the Sun to a Principle of Inertia 
according to which bodies on their own 
always move in circles. It was Rene 
Descarte who realized that this concept 


of inertia applied only to motions in a 
straight line. But it was left to Newton 
to analyse motion in a curve. 

This brings us to the book on New¬ 
ton. If we do not believe the ‘apple 
story’, it is difficult to speculate on 
what made Newton to invent the Law of 
Gravitation. Gribbins argue out that that 
was a natural sequel to his discovery of 
the centrifugal force acting on a particle 
moving on a curve. A planet in an orbit 
would be driven away from the Sun by 
the centrifugal force. In order to keep it 
in its orbit there must be an equal and 
opposite force tugging it towards the 
Sun. Using Kepler’s Law about orbital 
periods Newton discovered that this force 
of attraction should fall inversely as the 
distance from the Sun. Thus was born his 
Universal Law of Gravitational attraction. 

We all know that Newton became a 
Fellow of the Royal Society of London 
for his invention of the reflecting tele- 
The authors rightly give credit 
again to Leonard Digges for being the 
first to make such a telescope. Gibbins 
also highlight an interesting event in 
Newton’s life. Within a few years after 
becoming the King of England, James 
II, a catholic, ordered that a Benidictine 
monk Francis be conferred the MA de¬ 
gree by the Protestant dominated Cam¬ 
bridge University. Newton then, an 
unknown personality, risked his life by 
openly criticising the King and was 
mainly responsible for the University’s 
refusal to award the MA degree to 
Francis. He and the other Cambridge 
Fellows were asked to explain their 
conduct to one Lord Chancellor, Judge 
Jeffreys who in the previous year had 
got 300 people hanged for opposing the 
King. 

Undoubtedly Galileo and Newton are 
household names. Halley, by contrast, is 
remembered only when a comet appears 
in the sky. Thus his biography is very 
welcome. Many unknown facets of this 
colourful personality have been brought 
out by these authors. Halley was born 
rich and had the full support of his fa¬ 
ther in his scientific pursuits. When he 
was just 20 years old, his father finan¬ 
cially backed his sea voyage from St. 
Helena to South Atlantic. His study of 
the southern sky during this tour led to 
his well known book Catalogue of the 
Southern Stars. For this work he was 
elected a Fellow of the Royal Society of 
London. He became financially broke 
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after his father’s death and to make a 
living he resigned from the Fellowship 
and became a Clerk of the Society. 
Later, for his other astronomical discov¬ 
eries he was re-elected a Fellow. The 
authors rightly stress Halley’s very im¬ 
portant discovery concerning stars. This 
came about after his friend Newton took 
over as the President of the Royal So¬ 
ciety. The Royal Greenwich Observa¬ 
tory had been set up so that Flamsteed 
could prepare a more accurate astro¬ 
nomical table to improve navigation. 
But Flamsteed was extremely reluctant 
to part with his data. When he refused 
to budge to Newton’s directive, the 
Queen stepped in and appointed Newton 
to get this data. Newton in turn assigned 
this job to Halley. Halley added a lot of 
his own data to the ones supplied by 
Flamsteed. While on this job he care¬ 
fully compared the stellar co-ordinates 
he had on hand with similar data of 
Hipparchus of second century B.C. He 
found, to his amazement, that the re¬ 
cently measured co-ordinates of most of 
the stars agreed with the ancient data 


but for a few of the stars. Halley boldly 
suggested that these stars had actually 
moved in the intervening centuries. 
Thus he shattered the myth that stars are 
fixed objects in the sky. 

Now we come to the biography on the 
most celebrated scientist of this century, 
namely Albert Einstein. This biography 
has nothing new in it. All that I can say 
is that this can be recommended to one 
who has not yet read anything about 
Einstein. Unfortunately, the book cre¬ 
ates a wrong impression when the text 
implies that the Bose-Einstein statistics 
(BBS) is used when the total number 
particles is not conserved and that the 
Fermi-Dirac statistics (FDS) is used 
when the total number of particles is 
conserved. It is textbook knowledge that 
the BBS is used for particles with inte¬ 
gral spin while FDS is used for particles 
with half-integral spin. Finally, Grib- 
bins end Einstein’s biography with the 
statement; 

‘Number two to Newton in physics 
rankings is surely a position he would 


be proud to hold ~ though he may have 
to share that number two slot with Rich¬ 
ard Feynman.’ 

I think that many will not agree with 
this elevation of Feynman to the level of 
Einstein. 

These eminent personalities have 
profoundly transformed our understand¬ 
ing of the physical universe in general 
and astronomy in particular. I would 
strongly recommend these little books 
to every undergraduate student and to 
readers outside the domain of physics. 
These books amply supply what is, un¬ 
fortunately, totally missing in our edu¬ 
cational system. They will, hopefully, 
motivate and inspire the bright young 
students who have been of late opting 
out of basic sciences. The University 
Press has done a service to the student 
community by publishing these books. 

G. S. Ranganath 

Raman Research Institute, 

Bangalore 560 080, India 
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Seventy years ago - The discovery of the Raman effect as seen 
from German physicists 


Rajinder Singh and Falk Riess 

The Raman effect was announced by Sir C. V. Raman at the Indian Association for the Cultivation of Sci¬ 
ence in Calcutta on 28 February 1928. After the discovery had been announced, some of the German 
physicists were sceptical about it, as the intensity of the spectral lines was supposed to be very low and 
similar experiments done in Munich were not successful. Some letters to and by Arnold Sommerfeld are 
analysed to support the above facts. In the German-speaking region, the effect was named Smekal-Raman 
tffelct, and the term is still being used. 


In Calcutta, a local newspaper 
(Associated Press of India) announced a 
discovery under the headlines ‘New 
Type of Radiation - Professor Raman’s 
Discovery’ on 29 February 1928 and 
also informed about a lecture by Raman 
on this topic on 16 March 1928 at the 
South Indian Science Association in 
Bangalore^ The lecture, ‘A New Radia¬ 
tion’ was delivered and the first spectra 
produced were presented there. Later it 
was published in the Proc. Indian As^ 
soc. Cultiv, Sci.^, 

Outside India, the discovery of the 
Raman effect was disclosed by Raman 
and Krishnan in different articles which 
were sent to Nature^~^. From a historical 
point of view, the article ‘A New Type 
of Secondary Radiation’ is considered 
to be an important paper. As the earlier 
work on musical instruments by Raman 
was well known in Germany, the infor¬ 
mation about this new discovery was 
also taken notice of by Sommerfeld and 
his colleagues. 

Arnold Sommerfeld and C, V. 
Raman 

Arnold Sommerfeld (1868-1951) is 
considered as one of the founding fa¬ 
thers of modern theoretical physics. He 
contributed to the fields of atomic 
structure, quantum physics and wave 
mechanics. Some of his students, Pauli, 
Bethe, Debye and Heisenberg, were 
well-known and acquired fame in their 
respective fields. Sommerfeld’s first 
direct contact with Indian physicists was 
due to the famous Indian astrophysicist, 
Meghnad Saha (1893-1956), a profes¬ 
sor at the University of Allahabad in 
India. The latter visited Germany during 
1920-1921 and worked in the labora¬ 


tory of W. Nernst (1864-1942), a pro¬ 
fessor of physical chemistry at the 
university of Berlin. Saha sent a copy of 
his paper on stellar spectra to Sommer¬ 
feld who at once invited him to Munich 
to deliver a seminar^ Sommerfeld was 
well aware of Raman’s work and he 
appreciated Raman. However, due to an 
Indian named Ray, who was working in 
Munich on the Raman’s theory of musi¬ 
cal instruments and whose results were 
not in accordance with the aboye theory, 
it led to questions on the validity of 
Raman’s work. But Sommerfeld de¬ 
fended Raman in a letter he sent to Otto 
Blumenthal, a mathematician at the 
University of Goettingen. Sommerfeld 
wrote: I have the firm impression that 
Ray's work is rubbish. Raman's obser¬ 
vations of who is a good physicist, are 
by all means correct; but their treat¬ 
ment by Ray seems to be invalid 
(translated from a German letter dated 
19 February 1927 to Blumenthal). 

Raman came to know in early 1928 
that Sommerfeld was going to USA via 
Japan and he sent a telegram to Som¬ 
merfeld inviting him to India (Figure 1). 
This correspondence between Raman 
and Sommerfeld took place just a few 
days before the famous discovery of the 
Raman effect. The text of Sommerfeld’s 
reply to Raman’s letter is given in Fig¬ 
ure 2. Raman and Saha sent separate 
letters informing Sommerfeld about the 
fees, lecture themes and the planned 
programme of the visit (Raman to 
Sommerfeld, letter dated 24 March 1928 
and Saha to Sommerfeld, letter not 
dated, 1928). The correspondence be¬ 
tween Raman and Sommerfeld was of 
formal nature. Only once did Raman 
write about his work to Sommerfeld 
(Figure 3). 


In September 1928, Sommerfeld came 
to Bangalore and stayed with Metcalfe, 
principal of Central College in Banga¬ 
lore. Unfortunately, Sommerfeld fell ill. 
When Raman, who was in Calcutta at 
the time, came to know about the health 
of his guest, he sent Sommerfeld a letter 
asking him to take care of his health. 
Raman wrote: I have been deeply dis¬ 
tressed to hear of your illness. It is 
some satisfaction to learn from Prof 
Metcalfe's telegram that it is not very 
serious. Every one in Indian Universi¬ 
ties is of course eager to see and hear 
you. But even if it involves the cancel¬ 
lation of some of your engagements in 
Northern India, it will be the desire of 
every one that you should not endanger 
your health by travelling until you are 
quite well again (Raman to Sommer¬ 
feld, letter dated 26 September 1928). 

During Sommerfeld’s six-weeks stay 
in India, he got invitations from differ¬ 
ent universities such as Hyderabad, 
Patna, Bombay, Benares and Dacca. He 
stayed in Calcutta from 4 October 1928 
to 26 October 1928 where he delivered 
his lectures. He attended some of Ra¬ 
man’s lectures and saw the experimental 
work being done in Calcutta. As he was 
impressed by Raman’s work, he 
dropped somebody a hint that he in¬ 
tended to recommend him for the Nobel 
Prize. When Raman came to know about 
the proposed suggestion - almost one 
year later - he wrote to Sommerfeld: 
Mr. Rajam from Madras was recently at 
Calcutta, and he told me that you have 
proposed my name for the Nobel Prize. 

I do not know how to adequately ex¬ 
press my gratitude for this act of kind¬ 
ness. The literature of the new effect is 
growing at a great pace. I hope the 
Nobel Committee may give a favourable 
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Calcutta university inviting;;pu -lectura .honocariua tiro 

i-^^thousand .rupees • kindly-fire date ’arrival India. »— 

-V Br.affissor raBan- + 


Figure 1. The telegram sent by Raman to Sommerfeld. Two thousand rupees was a 
big amount of money at the time; in comparison the salary of Prof. Raman was 600 
rupees per month^ 

UUnoheOyy 
Febru&rypSS, 1 J 28 

Bear Prolesuor Ramen: 

I thati>r vou slncopoly lor your 
Irtnd cable; I shall be very glad to epeT^d soae 

time with you lo Celoutta and to give uosie lectures 
there. Please write ne how long you expect ite to 
stay at your university. I in«de, nt Como^ a 
provisional arrangenent with Prof. Saha to oone for 
some days to illahabad. I hope you may be wlllliig 
to put in order ny program for India together with 
Prof. Saha. Therefore I am enoloslng my tetter for 

Saha, and beg you to read It and to send It on. X 
shall havs altogether something llhe four wee)rs Xo 
spend In India. 

Very faithfully yours, 

Figure 2. Script of letter, written by Sommerfeld to Raman, dated 28 February 1928. 


decision in December next if my name is 
put before them on this occasion also 
(Raman to Sommerfeld, letter dated 23 
January 1929). But it is doubtful 
whether Raman’s name was really rec¬ 
ommended by Sommerfeld as there are 
no written documents to prove this. 
However, Raman was proposed for the 


Nobel Prize for Physics in 1929 by Bohr 
N. and Fabry C, and in 1930 by Bloch 
E., Bohr N, deBroglie L and N. Khvol- 
son, Perrin J., Pfeiffer R,, Rutherford E. 
Stark 7. and Wilson C.T.R. Sommer- 
feld's name does not appear in the list 
of nominators. However, it is likely that 
he wrote to the Committee and the rec¬ 


ommendation did not get into the offi¬ 
cial record^. After receiving the Nobel 
Prize, Raman visited Munich where he 
was welcomed by Sommerfeld. 

The Raman effect and German 
scientists 

Before Sommerfeld left for India, the 
discovery of the effect had been known 
among the community of the German 
scientists, some of whom were sceptical 
of it. G. Joos who worked on optics, 
para- and diamagnetism wrote to Som¬ 
merfeld from Jena: Do you think that 
Raman's work on the optical Compton 
effect in liquids is reliable? To repeat 
the experiment is not a big task and 
most probably we are going to do it. 
The sharpness of the scattered lines in 
liquids seems doubtful to me (translated 
from a German letter dated 14 May 
1928). Further, though the experiments 
carried out to verify the Raman effect in 
Munich were not successful, Sommer¬ 
feld was sure that the results of Raman 
were correct. On 9 June 1928 he wrote 
to Joos: In my opinion Raman is correct 
and important. He writes to me, that the 
difference between the lines is exactly 
equal to the infra-red frequencies of the 
molecules under consideration 
(translated from a German letter dated 9 
June 1928). 

Whether Joos really performed the 
experiment is still not known, but the 
experiments were indeed carried out in 
Munich in 1928 by experimental physi¬ 
cist, Wilhelm Wien and F. Kirchner. 
Sommerfeld’s assistant, Heinrich Ott, 
probably also conducted these experi¬ 
ments, since Kirchner lectured in the 
summer term of 1928 on light quantums 
and electrons, and Ott on scattering of 
light and X-rays (Eckert, M., private 
commun.). However, it cannot really be 
ascertained by whom the experiments 
were actually carried out. Nevertheless, 
in a letter to Sommerfeld by Pringsheim 
(1881-1963), working in Berlin in the 
field of fluorescence, luminescence, 
photoelectric effect and scattering of 
light, Pringsheim wrote: As I know that 
you are especially interested in the new 
Raman effect and as I have heard that 
the experiments done in Munich create 
doubt about the existence of the effect, I 
send you some of the spectra of some of 
the organic compounds, which can be 
taken using a mercury arc lamp as 
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I am theea daya with my collaborators engaged 
chiefly in inijestigating the optical analogue of the Compton 
Effect which w© ha?c diacoierod. In several papers appearing 
in the Indian Journal of Physics,wo have shown that the 
difference of frequencies between the incident and the 
scattered spectral lines is exactly identical with the 
oeveral characteristic infra-red frequencies^ Je have 
an equal number of modified spectral lines. A large 
field of research has thus been opened up. 

With beat regards, 

Yours sincerely, 

Figure 3. Letter written by Raman to Sommerfeld on 14 May 1928. 


scattering source. I have made still 
more pictures, these three 1 have chosen 
by keeping a definite principle in mind 
that two of them have very similar but 
characteristically different spectra 
{benzene and toluene) and another en¬ 
tirely different substance (CC/ 4 ) to 
compare with... (translated from a Ger¬ 
man letter dated 20 June 1928). Thus 
Raman’s results were verified by Pring- 
sheim who published two articles in 
July under the titles ‘Uber den Rama- 
neffekt*^ and ‘Der Ramaneffekt, ein 
neuer von C.V. Raman entdeckter 
Strahlungseffekt’^^ 

When the initial scepticism had been 
overcome, the Germans took deep inter¬ 
est in the Raman effect. Back et aL^\ 
Schaefer et and Kohlrausch^^ wrote 
detailed articles on it and Kohlrausch’s 
paper contained a bibliography listing 
417 references. Moreover, all the above- 
mentioned authors emphasized the ap¬ 
plication of the Raman effect in the 
field of chemistry. From 1928 to 1937, 
Germany held second place in the world 
as far as the production of papers on 
this topic was concerned^^ Due to the 
importance of this effect, it was in¬ 
cluded in university text books within 
two years 

Raman effect or 
Smekal-Raman effect or 
Raman-Smekal effect? 

In the beginning of the twentieth cen¬ 
tury, studies on light scattering were 
being pursued in several laboratories, 


e.g. by the younger Lord Rayleigh 
(England), R. W. Wood (USA), J, Ca- 
bannes (France), G. Landesberg et al. 
(USSR) and C. V. Raman (India). The 
French and the Russians were working 
on the scattering of light in gases and 
quartz respectively, Raman and his col¬ 
laborators on liquids. As soon as Ra¬ 
man’s group came to know that the 
effect was observable in all liquids, they 
experimented with gases and solids as 
well in order to establish the effect as a 
universal one. As the results of the three 
groups were published nearly at the 
same time, this led to a controversy with 
regard to the priority of this discovery 
among Russian and Indian scientists. A 
summary of the Indian and the Russian 
arguments in the dispute is given by 
Venkataraman^^ and Fabelinskii*'^. 

It took nearly half-a-year until the 
first article was published by Pringsheim 
'Ueber den Ramaneffekt’and so the 
term Raman-Effekt was coined by him in 
the German-speaking region, whereas 
L. A, Ramdas had sent a note to Nature on 
29 May 1928 under the title ‘The Raman 
Effect and the Spectrum of the Zodiacal 
Light’ Thus he had the honour to use the 
English term for the first time. 

In the year 1931. the term ‘Smekal- 
Raman-Effekf was introduced by Kohl- 
rausch^^\ a physicist at the technical 
institute of Graz, Austria. Before this 
time only the term ‘Raman-Effekt’ had 
been used; for example in the physics 
text book for universities and technical 
institutes by W. H. Westphal, written in 
the year 1930 (ref. 21). In the 7th and 
8th editions^^ (1941) and in the 22nd- 


24th edition^^ (1963) the term ‘Der 
Smekal-Raman-Effekt’ was used. Some 
more examples for the usage of this 
term are provided by articles in Natur- 
wissenschaften^"^ (1935), Physik griff- 
bereiP'^ (1972), Geschichte der Physik^^ 
(1972) and an article in the journal of 
the German Physical Society Physi- 
kalische Blaetter^^ (1951). In many 
German scientific dictionaries^*^"^^ 
(1969, 1971, 1972) though the term 
Raman-Effekt is being used, at the same 
time Smekal-Raman-Effekt is given in 
parentheses. It seems most of the 
authors take for granted the use of the 
term Smekal-Raman Effekt. 

The use of the term Smekal—Raman 
effect is questionable. The following 
will elaborate this further: Undoubtedly, 
Adolf Gustav Smekal (1895-1959) was 
the first person who predicted such an 
effect while trying to explain the dis¬ 
persion of light in terms of quantum 
theory^^ This rudimentary idea was 
extended further by Kramers et al. and 
the process of light dispersion was 
completely explained in terms of wave 
mechanics^^. However, as the implica¬ 
tions were not made obvious by the 
authors, experimental physicists did not 
take any notice of the article. 

The motivation of Raman’s work in 
Calcutta was not to prove SmekaTs 
prediction. Raman was the first person 
to give an explanation for the blue col¬ 
our of the sea. He was convinced that 
scattering of light can take place even in 
molecules. To give shape and direction 
to his research, he wrote a monograph 
about the molecular dispersion of light^^ 
(1922) in which he described his own 
work and the work done by other per¬ 
sons in the field of scattering of light. It 
included studies of the molecular dif¬ 
fraction of light in systems undergoing 
phase transitions and the research on the 
relationship of the light scattering to the 
chemical constitution. At the same time 
he discussed the drawbacks of the clas¬ 
sical wave theory of light. He did not 
reject the idea to think of light as a 
quantum. So it was somewhat bold of 
Raman to think in terms of a quantum 
theory of light scattering when leading 
lights like Bohr and Planck disapproved 
of even the idea of a light quantum^'^. 

Raman’s experimental work was di¬ 
rected to elaborate the process of light 
scattering. For this purpose, he and his 
collaborators started with the Rayleigh 
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theory to explain the blue colour of the 
sea. Afterwards they modified the fa¬ 
mous Einstein-Smoluchowski equation 
to explain the strong scattering of light 
near a phase transition, which is re¬ 
ferred to as critical opalescence. From 
the discovery of the Compton effect, 
Raman was convinced that if there is a 
change in frequency in the case of X- 
rays, it should similarly be possible in 
the case of ordinary light. In the year 
1923 they found out some peculiar phe¬ 
nomenon, which they named ‘feeble 
fluorescence’ but they could not explain 
it. Again in 1925 they observed this 
phenomenon but rejected it on the basis 
that it might be due to presence of im¬ 
purities in the liquids, Compton re¬ 
ceived a Nobel prize in 1927, which 
gave Raman new impetus. Once again, 
the liquids were purified more inten¬ 
sively and the experimental work was 
repeated by his group. In the end they 
found what they had been searching for 
was an analogue of the Compton effect 
for ordinary light. As the first paper sent 
to the journal Nature shows, this was 
their main motivation; If we assume that 
the X-ray scattering of the unmodified 
type observed by Prof Compton corre¬ 
sponds to the normal or average state 
of the atoms and molecules, while the 
'modified' scattering of altered wave¬ 
length corresponds to their fluctuations 
from that state, it would follow that we 
should expect also in the case of ordinary 
light two types of scattering... (ref. 35). 

For the interpretation of their experi¬ 
mental results, Raman took the help of 
the Kramer’s theory. An entry in the 
diary of Krishnan (1898-1961) confirms 
this. On 7 February 1928 Krishnan 
wrote: ...When we went down, we found 
he was much excited and had come to 
tell me that what we had observed that 
morning must be the Kramers— 
Heisenberg Effect we had been looking 
for all these days. We, therefore, agreed 
to call the effect 'Modified scattering'. 
We were talking in front of our house 
for more than a quarter of an hour 
when he repeatedly emphasised the 
exciting nature of the discovery^^. 

Thus the experiments done on the 
molecular scattering of light were not 
directed to prove the (predicted) 
‘Smekal effect’. Furthermore, if a sci¬ 
entific effect is named after two persons 
generally the names are arranged in 
alphabetical order, e.g. Bose-Einstein 


statistics, Einstein-Smoluchowski equa¬ 
tion and so on. Thus to call the effect 
Smekal-Raman effect is not correct. In 
case the credit has to be given to Smekal, 
the right term would have been Raman- 
Smekal-Effekt. Therefore, a correction in 
the naming of this effect seems to be justi¬ 
fied in German literature on this subject. 


Conclusion 

The analysis of different letters written 
to Sommerfeld within Germany has 
shown that the relations between him 
and Raman were rather close, especially 
after Sommerfeld’s visit to India, The 
scepticism about Raman’s results among 
German physicists is understandable up 
to some extent as only few of them were 
working in the field of light scattering. 
Further, a certain underestimation of 
experimental work carried out by Ra¬ 
man exists among some German scien¬ 
tists largely due to the name ‘Smekel- 
Raman-Effekt’. Therefore, a correction 
in the naming of this effect to ‘Raman- 
Smekal-Effekt’ is called for. 
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PERSONAL NEWS 


Derek H. R. Barton - Fifty Years in Pursuit of Inventions 


The world of science became poorer 
with the sudden demise (16 March 
1998) of one of the great chemists of 
this century, Sir Derek Barton, Dow 
Distinguished Professor of Chemical 
Invention, Texas A&M University, at 
the age of 79. Amongst the multitude of 
contributions of Barton spanning over 
fifty years, perhaps the best known one 
is on conformational analysis by which 
it became possible to explain the differ¬ 
ence in the reactivity of certain isomers 
of steroids, based on the spatial ar¬ 
rangements of the functional groups. 
Subsequently, this concept had pro¬ 
found impact in organic chemistry and 
more recently in molecular biology and 
biochemistry for the understanding of 
biological processes. 

Derek Harold Richard Barton was 
born on 8 September 1918 in Graves¬ 
end, to parents (William Thomas and M. 
Henrietta Barton) of modest means. 
Barton himself stated that ‘Anyone who 
knew my family background would 
never have predicted that one day I 
would go to Stockholm to receive the 
Nobel Prize’. His father and grandfather 
were carpenters. At school, the head¬ 
master-priest left a deep impression on 
young Barton and during his adoles¬ 
cence, he contemplated joining the 
priesthood. Later, Barton’s father 
shifted him to a bigger school at 
Tonebridge. However, due to the sudden 
death of his father, he had to discon¬ 
tinue his studies and join the family 
carpentry business. Soon he realized 
that there ‘must be something more 
interesting in lite’ and chose chemistry 
as a career, because, ‘its much more 
related to life’. Indeed most of the con¬ 
tributions of Barton over five decades 
had relevance to bioorganic chemistry. 
He joined the Imperial College and 
graduated in Chemistry in 1940. He 
continued at the Imperial College and 
obtained the Ph D degree in 1942 with 
Professor Ian Heilbron. He worked on 
the synthesis of vinyl chloride, a subject 
of national importance in war time 
Britain. After his Ph D, Barton worked 
for military intelligence on the devel¬ 
opment of secret inks. He did not find 
this work intellectually stimulating and 
initiated investigation on the secretion 
of the flour-beetle (Tribolium cas- 
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taneum), while working during late 
evenings and holidays. From the defen¬ 
sive secretions of 5000 ‘angry’ beetles 
he isolated and characterized p-ethyl 
benzoquinone and p-toluquinone. This 
was the first scientific paper by Barton 
and thus his contributions to Bioorganic 
Chemistry started. After a brief stint in 
industry, Barton preferred to accept a 
position of assistant lecturer (inorganic 
chemistry) at the Imperial College even 
at half the salary he was getting in in¬ 
dustry. At the suggestion of Sir Ewart 
Jones (E. R. H. Jones at that time), 



Barton critically analysed the data on 
triterpenoids and steroids and could 
correlate the molecular rotation differ¬ 
ences with the structures. Through the 
precise analysis of the published data on 
molecular rotation, he revised the 
structures of some of the naturally- 
occurring steroids and triterpenoids. 

At the invitation of Louis Feiser, 
Barton spent one year (1949-50) at the 
Harvard University to teach natural 
product chemistry while Woodward was 
on sabbatical leave. It was here that 
Barton wrote the famous paper on con¬ 
formation analysis. Barton’s physical 
chemistry background was very useful 
in the understanding of the implication 
of the pioneering work of Hassel on 
isomers of decalins and Pitzer’s statisti¬ 
cal mechanical calculations on rota¬ 
tional barrier in ethane. Barton himself 
made force field calculations on con¬ 
formations of cyclohexane rings but 
found them to be too laborious. Instead, 
he started to apply conformational ar¬ 
guments to compounds with rigid 
fiamew'ork such as steroids. A discus¬ 
sion at a seminar in Feiser’s, group at 


Harvard University on the reactivity of 
steroids prompted Barton to explain the 
observed phenomenon on the basis of 
conformational analysis. Though Bar¬ 
ton’s explanation was different from 
that of Feiser’s the latter encouraged 
him to write the paper. Barton has men¬ 
tioned that ‘the paper was short because 
I had to type it myself. Thus Barton 
wrote the paper entitled, ‘The confor¬ 
mation of the steroid nucleus’ which 
appeared in Experientia in 1950. The 
background of physical and organic 
chemistry and intuition helped Barton to 
jump the gap between steroids and 
chemical physics. As a consequence of 
this discovery, a vast number of unex¬ 
plained observations in organic chemis¬ 
try could be understood by taking 3-D 
structures into consideration. The con¬ 
cept of conformation has subsequently 
had a great impact in the understanding 
of biological processes. Nineteen years 
later, in 1969, Barton shared the Nobel 
Prize with the Norwegian chemist, O. 
Hassel. 

Back home in 1950, Barton joined 
Birkbeck College as a Reader and soon 
became a Professor. In 1954, he was 
elected as a Fellow of the Royal Soci¬ 
ety, London. In 1955, he was appointed 
Regius Professor Chemistry at Glasgow. 
During this period. Barton made out¬ 
standing contributions in the chemistry 
of natural products and elaborated the 
complex structures of many important 
compounds such as lanosterol, cy- 
cloartenol (the key intermediates in 
steroid biosynthesis), limonin, caryo- 
phyllene, etc. In collaboration with 
Woodward, the total synthesis of lanos¬ 
terol was accomplished. This era pro¬ 
vides some of the finest examples of 
classical work of carefully-chosen 
chemical degradation of molecules, 
generating structural information 
through the ingenious interpretation of 
the data, During the course of structure 
elucidation of terpenoids, Barton’s at¬ 
tention was drawn towards photochemi¬ 
cal reactions. Remarkable molecular 
acrobatics of a-santonin in the presence 
of light rekindled his interest in photo¬ 
chemistry and many reactions of syn¬ 
thetic importance were discovered. 

In 1957, he returned to his Alma 
Mater, Imperial College, as Hoffmann 
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Professor of Chemistry and continued to 
work on the various facets of bioorganic 
chemistry. He revised the structure of 
Pummerer’s ketone —one electron oxi¬ 
dation product of /?-cresol. 

Based on the phenolate coupling 
routes, a short and elegant synthesis of 
usnic acid was devised. The concepts of 
ortho—para phenolate couplings thus 
developed were used in the elaboration 
(and correction) of the biosynthetic 
pathways of papaver alkaloids (e.g. 
morphine), erythrina alkaloids and other 
phenolics (e.g. lignans). In a novel ap¬ 
proach to biosynthesis, nyastatin- 
resistant blocked mutants were used to 
unravel the biosynthesis of ergosterol in 
yeast. Since meaningful chemical de¬ 
gradations of complex molecules are 
often difficult, Barton used NMR spec¬ 
troscopy to trace the isotopic labels 
directly. For example, using judiciously 
chosen substrates labelled with stable 
isotopes (‘^C, “H) and in conjunction 
with NMR spectroscopy, the complete 
biosynthesis of the complex fungal me¬ 
tabolite, fusicoccin, was elaborated with¬ 
out recourse to a single degradation. 

Driven by the demand of the pharma¬ 
ceutical industry for a good synthesis of 
steroid hormones, Barton invented 
photolysis of nitrites (Barton Reaction) 
for the preparation of aldosterone ace¬ 
tate in three steps. Corticosterone ace¬ 
tate was converted into the nitrite which 
on photolysis and isomerization gave 
the oxime. Treatment of the oxime with 
nitrous acid gave aldosterone acetate. 
Using this methodology, 60 g of the 
hormone was prepared when the total 
world supply was only a few milligrams. 
This work was carried out at the Re¬ 
search Institute for Medicine and 
Chemistry, Cambridge, USA. The Insti¬ 
tute was funded by the Schering Corpo¬ 
ration. The Barton Reaction was 
extended to the preparation of many 
biologically-active molecules. 

For Barton, the discovery of new re¬ 
actions went on unabated. He recog¬ 
nized the advantages of free radicals 
over ionic reactions. Though conven¬ 
tional reactions involving carbon-free 
radicals are not known for high yields, 
Barton designed procedures to disci¬ 
pline free radicals and could direct re¬ 


actions to the desired goal. This led to 
the invention of several free-radical 
based reactions of preparative impor¬ 
tance. Realizing the importance of de¬ 
oxygenation of alcohols for the 
preparation of biologically important 
molecules such as aminoglycoside anti¬ 
biotics, a radical based reaction 
(Barton-McCombie reaction) was in¬ 
vented. Subsequently in the 1980s, 
many new radical based reactions of 
preparative importance were discovered 
(deamination, decarboxylation, deoxy¬ 
genation). 

In the 1960s, Barton had some prob¬ 
lems in his personal life. His first wife 
Jeanne left him. In order to fill the vac¬ 
uum created by the unfortunate inci¬ 
dence, he enrolled in the evening class 
of Lycee Francais de Londeres to im¬ 
prove his French. Here he met Christi- 
ane Chaline, a French Professor and 
eventually married her. In 1977 at the 
age of 59, he went to France to accept 
the position of Director, Institut de 
Chimie des Substances Naturrelles at 
Gif-sur-Yvette - a picturesque suburb of 
Paris. He continued his work on radical 
chemistry. Barton was fascinated by the 
challenging problem of selective substi¬ 
tution of saturated hydrocarbons. With 
generous funds from British Petroleum 
under the blue-sky projects. Barton ini¬ 
tiated work on the application of iron 
chemistry for the selective substitution 
of saturated hydrocarbons. Taking cues 
from Nature (P 45 () enzymatic mecha¬ 
nism) and through a systematic and 
rational approach, he soon introduced 
several reagents (Gif^^^ Gif^^, etc.) 
which showed dramatic results in the 
oxidation of the hydrocarbons. He said, 
‘Gif chemistry turned into an extraordi¬ 
nary and bizarre chapter of original 
chemistry*. In a symposium held on 6 
February 1998 at La Jolla in his honour, 
Barton presented his latest discoveries 
and felt that he was on the verge of 
solving the difficult problem. But sadly 
he died a few days later. As usual, he 
held a group meeting on 16 March 
1998, Later he went to his lab with one 
of his post-docs to do an experiment. He 
was excited by the outcome of the ex¬ 
periment. But shortly after, at 6.30 p.m., 
he suffered a massive heart-attack and 


passed away before he could be admit¬ 
ted to the hospital. Sir Derek is survived 
by his third wife, Judy and a son from 
his first wife. 

In addition to the Nobel Prize, Barton 
amassed about 200 honours including 
the 1995 Priestley Medal, the highest 
honour of the American Chemical 
Society. He had more than 1000 publi¬ 
cations. Barton always acknowledged 
the contributions made by his students 
and research fellows (about 300, many 
of them Indians). I had the privilege to 
be associated with Barton as a Research 
Associate at Imperial College and was 
in touch with him ever since. While 
advising researchers from developing 
countries, he said, ‘You don’t have to 
spend your money on grandiose projects 
but on more practical things like exam¬ 
ining the fauna and flora and marine 
natural products for useful drugs’. 

Barton’s dedication to chemistry was 
complete. He said, ‘Chemistry to me is 
rather like a religion. I have to do it to 
express myself. In addition to research, 
Barton brought about many revolution¬ 
ary changes in the teaching of chemis¬ 
try. He was a masterly teacher. Sir 
Derek was always accessible to students 
and colleagues for scientific discus¬ 
sions. He was kind, considerate, gra¬ 
cious and a gentleman. Though known 
for brevity. Sir Derek showed subtle, 
typically British sense of humour. 
GOOD BYE PROFESSOR. Barton will 
always be remembered as one the most 
outstanding chemists of this century. 
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COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH 

NEW DELHI 

ADVERTISEMENT NO. 5/98 

POSITION: DIRECTOR, CENTRAL ELECTRONICS ENGINEERING RESEARCH 
INSTITUTE (CEERI), PILANI (RAJASTHAN) 

Council of Scientific and Industrial Research is the premier organization established by the 
Government of India to undertake scientific industrial research in the country. It has a 
network of 40 R&D institutions spread throughout the country, covering diverse S&T 
disciplines and serving a wide gamut of socio-economic sectors. 


The Council is looking for a suitable scientist/technoiogist for the post of Director for its 
Central Electronics Engineering Research Institute (CEERI), Pilani. 

The Institute is situated on a sprawling campus of 175 acres in idyllic surroundings. It has 
two field stations - at New Delhi and Chennai, and has a staff of about 700, of which over 
175 are scientists. The major R&D programmes of the Institute relate to specialized high 
power vacuum devices, discrete and integrated semiconductor devices, speech technology 
and industrial electronic instrumentation systems. 


The Institute has an annual budget of around Rs 15 crores, of which nearly 30% is derived 
from contracted work and services. 


The Director is the Chief Executive of the Institute and would be responsible among others 
elLTroS^ ^ mission to enhance its status as an Institute of excellence in the area of 


1 ^ I ® creative, innovative and well-established 

H rfn of activities of the Institute and should 

preferably be around 50 years of age. He should possess leadership qualities covering /nfer- 

environment conducive to nurturing of high class 
R&D talent, a proven record of inter-personal skills and an ability to communicate effectively. 

This IS a contractual appointment for a period of six years or up to superannuation (at the 
age of 60 years) whichever is earlier. The contract can be extended in exceptional cases. 

The post carries the pay scale of Rs 18,400-500-22,400 (revision under consideration) dIus 
eSa^^co^ntracr^RSD with facility to share the monies realized from 

Generaf CSIR''Ran mT'' m®"'* by 31 July 1998 to the Director- 

ren nte'ln) ’ ®’ ” E-mail; dgcsir@csirhq. 
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COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH 

NEW DELHI 

ADVERTISEMENT NO. 6/98 

POSITION: DIRECTOR, CENTRAL GLASS & CERAMIC RESEARCH INSTITUTE (CGCRI), 

CALCUTTA 

Council of Scientific and Industrial Research (CSIR) is the premier organization established 
by the Government of India to undertake scientific industrial research in the country. It has a 
network of 40 R&D institutions spread throughout the country, covering diverse S&T 
disciplines and serving a wide gamut of socio-economic sectors. 

The Council is looking for a suitable scientist/technologist for the post of Director for its 
Central Glass & Ceramic Research Institute (CGCRI), Calcutta. CGCRI is situated at 
Jadavpur, in the midst of Calcutta’s science and technology hub. It has two field stations in 
the heartline of ceramics industry - at Khurja (UP) and at Ahmedabad (Gujarat). The major 
R&D programmes of the Institute relate to specialized optical glasses, oxide and non-oxide 
ceramics, bio-ceramics, refractories and glass ceramic coatings. 

The Institute has an annual budget of around Rs 14.00 crores, of which nearly 30% is 
derived from contracted R&D work, services and supply of specialized materials. It has a 
staff of about 800, of which 115 are scientists. 

The Director is the Chief Executive of the Institute and would be responsible among others 
for realizing CGCRI’s mission to develop it as a Centre of Excellence, partnering the Indian 
glass, ceramic and refractory industries to enable them to emerge as globally significant 
players. 

The candidate for the post must be a creative, innovative and well-established 
scientist/technologist of distinction and should preferably be around 50 years of age. He 
should possess leadership qualities covering inter-alia, a demonstrated ability to create an 
environment conducive to nurturing of high class R&D talent, a proven record of inter¬ 
personal skills and an ability to communicate effectively. 

This is a contractual appointment for a period of six years or up to superannuation (at the 
age of 60 years) whichever is earlier. The contract can be extended in exceptional cases. 

The post carries the pay scale of Rs 18,400-500-22,400 (revision under consideration) plus 
allowances as admissible to CSIR employees, with facility to share the monies realized from 
external contract R&D, consultancy and rendering of S&T services. Residential 
accommodation is provided as per CSIR rules. 

Interested candidates may send their complete biodata by 31 July 1998 to the Director- 
General, CSIR, Rafi Marg, New Delhi 110 001. (Fax: 3710618; E-maii:dgcsir 
@csirhq.ren.nic.in). 
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY 

(An Autonomous Institute of 
Dept of Science & Technology, Govt of India) 

33, General Mahadeo Singh Road, Dehra Dun 248 001 (U.P.) 


No. 18/51/84-ll/Estt./743 


29 May 1998 


Applications on plain paper along with full biodata are invited for One post of Scientist E-l 
(Geophysics) (lien vacancy but likely to be regular). Pay scale Rs 12,000-375-16,500 plus allowances 
as per central Govt, rules. (Present total emoluments; Rs 15,370/-) 

Essential Qualifications; Ph D in Geophysics, plus 8 years post-doctoral research experience with 
adequate evidence of original work and leadership. Desirable: 1. Experience in running an array of 
seismological observatories. 2. Excellent publications record. Age: Not exceeding 45 years. Age limit 
may be relaxed in exceptional cases. 

Job Requirement: The Institute has a small nucleus of Geophysics Group, doing research in 
seismology, seismotectonics, gravity and GPS studies in Himalaya. It is running an array of seismic 
observatories and GPS network in Himachal and Garhwal Himalaya. The incumbent is to give 
leadership to the Geophysics Group and to bring major thrust in seismological and seismotectonic 
research in Himalaya. The selected person, if desires, can join on deputation terms also. The 
applications along with attested copies of certificates/marksheets/testimonials, etc. duly routed through 
the employers, should reach the Registrar, within 30 days from the date of publication of the 
advertisement. 

REGISTRAR 


INSTITUTE FOR OCEAN MANAGEMENT 

Anna University, Chennai 600 025 

Department of Ocean Development (DOD), Govt of India, has sanctioned One Research Associateship and Four 
Research Fellowships to work in the field of Coastal Zone Management using Remote Sensing and GIS 
Techniques tenable at the Institute for Ocean Management, Anna University, Chennai 600 025. 

Positions available: Research Associate -1; Research Fellow - 4 

The emoluments for Research Fellow as on date is Rs 2500 p.m. (likely to be revised as Rs 5000 p.m.) for the 
first two years plus HRA and MA as per rules of the host institution plus Rs 4000/- p. a. towards contingency. 

The emoluments for Research Associate as on date is Rs 2800-100-3300 p.m. (likely to be revised as Rs 
8000 p.m.) plus HRA and MA as per rules of the host institution plus Rs 4000/- p.a. towards contingency. 

Eligibility 

Research Fellow: First class post-graduate degree in Marine Science/Remote Sensing/Environmental 
Sciences/Earth Sciences/Life Science. Those who have appeared for final semester examinations and 
expecting results can also apply. 

Research Associates: Ph D in Marine Sciences/Remote Sensing. 

Applications on plain paper giving full details regarding educational qualifications, research experience and 
publications, with copies of all certificates should be submitted to the undersigned on or before 30 June 1998. 
Applications received after the above date will not be considered. Candidates called for interview should attend 
on their own cost. 

Dr. S. Ramachandran 
Director 

Institute for Ocean Management 
Anna University 

Chennai 600 025 '___—_—-— 
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COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH 

(CSIR), New Delhi, India 

ADVERTISEMENT NO. 7/98 

POSITION: DIRECTOR, CENTRAL FUEL RESEARCH INSTITUTE (CFRI), DHANBAD 

CSIR is the premier industrial R&D organization in India. It has a network of 40 R&D 
institutions spread throughout the country covering diverse S&T disciplines and serving a 
wide gamut of socio-economic sectors. 

CSIR is seeking to appoint in its coveted top-level S&T management position a Director for 
its Central Fuel Research Institute (CFRI), Dhanbad. 

CFRI, situated at Dhanbad in the heartland of India’s coal belt, has five field stations in 
different parts of the country. The Institute was the first amongst the chain of CSIR 
laboratories to acquire the ISO 9001 certification in 1995. It has a staff of about 1000, of 
which over 200 are scientists. The major R&D programmes of CFRI relate to coal 
preparation, carbonization, clean coal technologies, energy resource assessment, soiid and 
liquid fuels, furnace and combustion systems design. CFRI has an annual budget of around 
Rs 15 crores, of which nearly 30% is derived from contracted work and services. 

The Director is the Chief Executive of the institute and would be responsible among others 
for realizing CFRI’s mission of helping the country move towards an energy-efficient nation. 
The candidate for the post must be a creative, innovative and well-estabiished 
scientist/technoiogist of distinction in the major R&D areas of CFRi and should preferably be 
around 50 years of age. He should possess leadership qualities covering inter alia a 
demonstrated abiiity to create an environment conducive to nurturing of high class R&D 
talent, a proven record of inter-personal skills and an ability to communicate effectiveiy. 

This is a contractuai appointment for a period of six years or up to superannuation (at the 
age of 60 years) whichever is earlier. The contract can be extended further in exceptional 
cases. 

The post carries the pay scale of Rs 18,400-500-22,400 (revision under consideration) pius 
allowances as admissible to CSIR employees, with facility to share the monies reaiized from 
external contract R&D, consultancy and rendering of S&T services. Residential 
accommodation is provided as per CSIR rules. 

Interested candidates may send their complete biodata by 31 July 1998 to the Director- 
General, CSIR, Rafi Marg, New Delhi 110 001. (Fax: 3710618; E-maii:dgcsir 
@csirhq.ren.nic.in). 





Regd No. KRN A15 ISSN : 0011-3891 


Licenced to post without prepayment No. 7 


Current Science 


j 

Special Publications 


■ 

Title 

Guest Editor 

Price 

India Abroad 
(Rs) (US$) 

1. S. N. De and Cholera Enterotoxin 

P. Balaram 

50 

12 

2. The Ramachandran Map and Protein and 
Peptide Structures 

P. Balaram 

50 

12 

3. Waves and Symmetry 

G. Srinivasan 

50 

15 

4. A Celebration of Colour in Astronomy 

G. Srinivasan 

175 

20 

5. Clinical Research and Health Care in 
Developing Countries 

G. N. Menon 

50 

12 

6. Biotechnology in India 
(copies out of stock) 

P. Balaram 



7. Remote Sensing for National Development 
(copies out of stock) 

M. G. Chandrasekar, 

B. L. Deekshatulu, 

V. Jayaraman, George Joseph, 

R. L. Karale, K. Kasturirangan, 

S. Krishnamurthy, K. Radhakrishnan 



8. Extinct Piants, Evolution and Earth’s History 

B. S. Venkatachala, 

C. V. Subramanian 

70 

20 

9. Seismology in India - An Overview 

Harsh K. Gupta 

100 

20 

10. Alzheimer’s Disease: An Emerging 

Issue for the Developing Countries 

George M. Martin 

150 

15 

11. Artificial Intelligence 

R. Narasimhan 

100 

12 

1 2. Quaternary Period in India 

K. S. Valdiya 

150 

20 

13. Pollination Biology in Tropics 

K. S. Bawa, K. N. Ganeshaiah, 

R. Uma Shaanker 

100 

12 

14. Inner Planets 

R. N. Singh 

150 

25 ' 

1 5. Condensed Matter Science - Current 

Status and Plan for Action 

T. V. Ramakrishnan, 

S. V. Subramanyam 

150 

20 

16. Neuroscience - A multidisciplinary approach 

P. N. Tandon, 

Raghavendra Gadagkar 

150 

20 

17. Reproductive Biology 

T. C. Anand Kumar 

150 

20 

18. Animal Welfare 

K. N. Ganeshaiah, 

Anindya Sinha 

150 

20 

19. AIDS in Asia 

David E. Bloom 

150 

20 

20. Indian Remote Sensing Satellite - IRS-1 C 

- 

300 

30 

21. JGOFS (India) 

S. KrishnaswamI and R.R. Nair 

150 

20 

Contact: The Circulation Department, Indian Academy of Sciences, P. B. No. 8005, Bangalore 560 080, India. 

Tel.: 91-80-334 2546; Grams: ACADEMY; Telex: 845-2178 ACAD IN; Fax: 91-80-334 6094; email: currsci@ias.ernet.in 




